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[N.B.—An asterisk (*) preceding a line denotes a new variety or sub-species; a

daggar (T) indicates a new species :

a double daggar () a new genus or sub-genus; a

double asterisk (**) a new family or sub-family ;: synonyms are printed in italics.]}
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A

Abisara fylla . 254, 255
Acanthotaenia 164
Acentropus 199
Achaea exea 249
ezea . 248
Acidalia dublosa.m 237 238 239
Acidaliinae . 202
Acraca bonasia 253
encedon 253
perenna 263.
uvui 252
Acrobasis tumldella. 223
Acrochordonichthys 611
Acronycta psi . 247
Acropteris parvidentata 236, 237
Actinote hylonome 252
Actinotia radiossa 247
Adela eroesella +. 210
fibulella 210
Adelidae 210
Adiposia 186
Adisura atkmsom . 246
Adopaea christi 249, 250

thaumas 248, 249, 250
Aegeria tipuliformis . . 214
Aegeriadae 214, 219
Aegocera rectilinea 245
Aepophilus bonnairei . 110
Aeschnidae 97 100, 103
Aeschninae 111
tAgamura femoralis 17, 18
Agarista agricola . 245
Agaristidae . 245, 260
Agathia lyceanaria 239, 240
Agathodes designalis . 226
Aglossa pinguinalis 223
Agraptocorixa hyalinipennis 401
Agraptocoriza unicolor . 401
Agriocnemis 103, 112
Agrionidae 103, 112
Agrioninae 111
Agriopis aeruginea 247
Agrotis spina 247
Akysis kurziv 617
Alamosa piperatella 223, 224
Alcidis aruns 237
Aleochara bipustulata 109
Aleocharinae 109
Alsophila aescularia 237, 239
Altha nivea 231
Alucita pentadactyla 224
Amata cerbera 245
Amathes lota 247
Amaeathusiidae 265
Amatidae . 245
Amblycepidae 610

Page,

Amblyceps 607, 608, 609, 610, 611, 612,
613, 614 615 616, 617, 621
caecutiens 608, 609 717
horae . 609

mangois . 607, 608 609, 610,
611, 613, 614, 616 617, 618, 619,
620, 621

marginatoides 609
marginatus. . 612
murray-stuarti 609, 617
tenuispinis 609, 617
Amblypodia amantes . 251
Amicta tedaldi . 229, 230
Amphicallia bellatrix 243
Amphipyza tragopogonis 247
Amphora . . 94, 98
Amraica dnnsana. 289
Amyna leucostriga . 248
Anabaena 104
Anacampsis populella 217
Anarmodia majoralis 227
Anas crecca 158
poecllorhyncha. 153 154 158
Anax . 111
guttatus 917, lOO 103, 111
Ancara obliterans 247
Anchirithra insignis 233
Ancylis achatana . 220
mitterbacheriana 220, 221
Andamia . . 121
cyclocheilus 121, 122
expansa 121
heteroptera 121 122, 123
Anerastiinae 223
Anisogomia carnea . 239
Anisops 102, 103, 104 111, 393
Anodonta 106
Anomis erosa 246
Anopheles rossi 109
Anthomyiidae . 104
Antanartia hippomene 251, 252
Antigastra catalaunalis . 227
Antitype polymita 247
Antophila dilucida 248
Anua triphaenoides 247
Aoria 616
Apatura ambica . 252
ilia . 261, 252
Apha subdives 241
Aphanocapsa . . 104
Aphomia colonella 225, 220
sociella . 226
Aploparaksis 153, 164
Apopestis spectrum 248
Appies nero . 264
Arachanna ramosa 239, 240

Araschnia levana 261, 262
Arbacia . 114



x Index.

Puage.

Arcania erinaceus 27, 44, 45
septemspinosa 27, 43, 44
Archernis capitalis .27
Arctiadae . 244, 260
Arctocorixa dubia 407
Argina syringa . 243
Argynnis pales 251, 252
Argyractis . 226
Argyria parallelus 227, 228
Argyrolepia baumanniana 219
Argyroploce arcuella 220
micana 220
semifasciana 220
striana . . 220
urticana 220, 221
Argyrotoxa forskaleana 221, 222
Armaica divisaria 241
Artemia salina 106
Asbolia sericea . 231
Asota versicolor . 243, 244
Aspilates virgata . 237, 238, 239
Atalopedes mesogramma 249, 250
Atemelia torguatella . 214
Athyrma adjutrix 248
Atrytone hobomok . 260
melane 249 250
Attacus atlas 243
Aulocodes . 112
Augasma aeratellum 211 212
Austrolestes . 176, 178
cingulatus 176
Auximobasis gla.ndulnlla, 216
Avicula anomivides 172
alropurpurea 173, 174
chemnitzii 171
hystrix . 170
(Meleagrina) atru-purpurea 173
(Meleagrina) chemnitzis 171
(Meleayrina) praetexia 171
praetexta 171
Axiocerses harpax . 251
Azeta versicolor. . 248
Azygophleps albovittata . 232

B

Bactra lanceolana . 220
Baectidae 90, 91, 92, 94, Q'i 97, 98, 100,
, ) 101 10‘2
Baetinae . . 110
Baetis 98,101,103, 110
Bagridae 610
Balitora . 615
Bancroftiella 149
ardeae . 1R
forna . 149, 150
glandularis : . 151
tenuis . 151
Baniana culminifera . 9248
Barathra brassicae . 246, 247
Barbus ) 107, 108, 194
bampurensis . 194
baschakird: . 195
diplochilus 194
'miorolepis . . 196
milest 195
punjabensis 103, 107

Page.
Bareia . . 248, 249
Barilius bophore . 107
Barilius vagra . . 95, 106
Basiothis laticornis 241, 242
Batodes angustiorana 222
Beara dichromella . 249
Belostomidae 102, 111
Bendis formularis . 246

Berosus 91, 92, 93, 95 98, 99, 100, 102

punctulatus 90, 91, 92, 93, 94

punctulatus f. 1mmacuhcolhs 107

spinosus . 108
Biafra concinella . 223,224
Bimastus 604

parvus . 604
Blastobasidae . 215, 219
Blastobasis phycxde]la. 215, 216
Blepharoceridae. . 68, 14
Boarmia castaria 239, 24Q
Bocchoris acamasalis . 226
Boleophthalmus . 122
Bombycidae . . 207, 236
Bombyx mori . 208, 235, 236
Borocera madagascariensis . 233
Borol‘a amens 248, 249
Bothridium . 163

pithonis . . . . 163
Botyodes caldusalis . . 226
Brachionycha nubeculosa . 246
Brachydiplax 100, 111
Brachypterus aurantiacus 146
Brachysoma codeti . 230

(Somabrachys) codeti 231
Bradina admixtalis . 225
Brassolidae 253, 260
Brassolis sophorae 263, 264
Brihaspa chrysostomus . 225
Brixia myrtea . 228, 229
Bruchomyia 62
Bubulcus coromandus 155
Bungia ntgreacens 196

c

Cabera punclarna 239, 240
Cacoecia rosana 221, 222
Caenis . 97, 110
Cafius . 109
Cainodactylus . 15

yunnanensis 16
Calappa depressus . 31

lophos 27, 28, 29

pustulosa 26, 27, 29, 30, 31

pustulosa clypeata 31
Calappidae . 26, 27, 28
Calappinae . 27,28
Caligo oileus 255, 266
Callidulidae 234, 260
Callinage lhatso 251, 253
Calliodes pratiosissima 246, 247

Calophasia hochenwarthi . . 248
Calostigia aptata . . 238, 239
molata . . . 239

Calothrix minima . . 96
Calothysania amata 238 239, 240
Campodea . 379

utteli . . . 381, 383
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Campodes (Indocampa) butteli . 383
t(Indocampa) chaseni . 379, 380
t(Indocampa) greeni 381, 382, 383

Campodeidae . . 379
Canthydrus laetabilis 102, 108
Capoeta steindachneri 195
Caprinia conchylalis . 228
Carabidae 96, 98, 100
Caradrinina . 243
Carcina quercana 214, 215
Carea vexilla . 246
Carposina subumbrata . 216
Carposinidae 268, 261
Cartella bilunana 220
Caryatis phileta . 243
Casarca ferruginea 153, 154
Casphalia extranea 231
Castnia eudesmia . . 232
Castniidae. 232, 269, 260 261, 262
Cataclysme bilineata 237, 238, 239
Cataclysta perirrorata . 225
Catia otho 249, 250
Catocala concubens 247
Catocalinae 204
Catocephala nigrosignata . 242
Catochrysops cnejus . 251
Celerio euphorbiae . . 242
Centrorhyncus 325, 327

aluconis 328

asturinus 327

corvi 323

fmaryasis 325 327, 328

pinguis . 327

spinosus 328
Cephonodes hylas . 242
Ceratonema retracta 231
Ceratrichia flava 249
Cereopsis novae-hollandiae 153
Cerynea thermesialis . 247
Cestode 164, 165
Chabuata conigera 248
Chaetomorpha . . 91

herbipolensis 92, 94, 98
Chamyris cerintha 247
Charaxes etheocles . 251 252

polyxena 261, 252 260
Chela punjabensis 103, 107
Chilades trochilus 251
Chilo lativittalis 228
Chiloporsa, . 109
Chimabache fage]la. 215

phryganella . . 215

Chironomidae 90, 91, 99, 100 101, 103,
104, 109, 113

Chironomus 104, 109
Chlidonia baumanniana 219, 220
Chloridea dipsacea 2468
Choanotaenia 1561

infundibulum 161

mutabilis . 161
Chondrostega powelli 233, 234
Choranthus radians 250
Choreutis myllerana . 212
Choriotis kori 148, 162
Choroterpes . 97 98, 100, 110
Chrisiridia rhipheus . 236, 237
Chroococous . . . 104

turgidus . " . 101

Chrysophanus alciphron
Chrysopsuche imparilis
Cilix glaucata
Cingilea catenaria
Circus assimilis
Cirphis L-album
Cirrhina

afghana .

afghana nikolskis

cirrhosa

fulungee

latia .

mrigala

oblongus

reba
Cirrhinus .
Cladophora .
Cladotaenia

cylindrocea

T fania

t feuta
Cleoxa leucophaea
Cleosiris erycinoides
Clerio euphorbia.e
Cleta pygmocaria,
Cloantha solidaginis .

X1
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. 250, 251
. 233
234

240

161

. 248

. 193, 194
193, 194, 195
195

193

. 193

. 193, 194
193

194

193

193

. . 104
161, 162, 163
. 161

162, 163

161, 162
239, 240

233, 234

241

239

246

Cloéon 90, 91, 92, 94, 90, 103 110

Cnaphalocrocis medianalis .
10, 11, 16, 17

Cnemaspis
boulengeri
mysorensis

Cnephasia longana

Cocconeis pedmulus

. 226

Coccothraustes cocoothraustes . 169

Codonia punctata
Coenagrionidae
Coenurgia crassuscula
Cogia oalchas

Coleonyx variegatus .
Coleophora artemisiella
Coleophoridae
Coleoptera

Collix hyperythras .
Commotria rosella
Compaea margeritata
Conchoecetes artificiosus
Condylorrhiza vestigialis
Conotalis nigroradius
Contheyla chara
Copramorpha
Copromorphidae
Copsychus saularis
Coptobasis mesopsectralis
Corgatha costinotalis

Corixa affinis
annandalet . .
distorta .
dubia .
paivana .
promontoria
randana
ribeiroi
seislanensis .
unicolor

Corixidae

Corixinae -

Cosmarium 5

Cosmopteryx oximia .

11, 12
11,12

221, 222

92, 94, 95

. 239, 240
103, 104, 112
246, 248

249, 250

10

213

212

. 197

237, 238, 230
224

241

27, 28

. 227

227, 228

. 231

217, 218

217

154

. 25
.. 247
. 403, 404
408, 407

. 403

. 407

. 401

. 404

402

. 404

. 401, 402
. 4ol

111, 293, 397
401

.. 1l
. 216, 217
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Cosmorhoe subangulata 237, 239
Cosmostola subtibiaria 239, 240
Cosmotricha potatoria . . 233
Cossidae 231, 259, 260, 261, 262
Cossinae . . 259
Cotachena, histricalis 222, 223
Cotugnia . . 145
joyeuxi 145
seni ¢ . 145
Crambinae 227, 229
Crameria amabilis 245
Craterestra media . 248
Crepidobothrium 163, 164
articulatum 164
fima 164
firoi 163
fixa 164
punica 164
shipleyi 164
Cricula trifenestrata . 242
Crocallis tusciaria . 239, 241
Crocidolomia binotalis 226, 227
Crossocheilus . . 194
Crossochilus latius 96 97, 99 101, 106,
194

Cucullia umbralica 2417
Culicidae . 113
Culicoides . 90 91, 103, 109
Cupha erymanthis 251, 252
Cupido sagittigera . 251
Cusiala decursaria 239, 241
Cybolomia ossealis 227
Cyclodes amma, 246
Cyclorchida . 181
1 foteria 151, 162
Oyclophyllidea 145
Cyeclotella kutzingiana 102
Cygnus olor ] 157
Cymatia rogenhofen 402
Cymbella cymbiformis . 93
ehrenbergi . 99
helvetica 93, 98 101
ventricosa . . 101
Cynthis erota 251, 252
Cyprinus cirrhosus 193
latius . 194
Cyprinidaec 95, 96, 97 99 100, 101,
103, 193
Cyprinion 194
capoeta 194
fundulus 194
irregulare T 194
macrostomus . 194
miorophthalmum. . 194, 195
microphthalmum nikolskii . 195
milesi 195
tenuiradius 194
watsoni . 194
watsoni belensis 194
Cyrosigma acuminatum . . 103
Cyrtogone nenia 242, 243

D

Danaidae . . 255
Danais archippus 255, 266
Dasyhelea . 103

Davaineidae
Davaineinae .
Deilephila hypothus
Deinopa aspila
Delias .
belladona

caenius .
Dembea venulosella
Dendrocitta rufa
Dendrolimus pini
Dendrouterina

T fovea
Denticula crassula
Depressaria angelicella
Dermaleipa juno
Desmogaster

doriae

planata
Diaptomus

salinus
Diasemia accalis
Diathrausta fulviceps
Diatraea argentisparsalis
Dichocrocis punctiferalis
Dichomeris marginella
Dichrorampha ulicana
Dilepidinae
Dilipa morgiana
Dilophodes elegans
Dindica polyphaenaria
Dioicocestidae
Dioicocestus

acotylus

aspera

T fevita

novae-guineae

navae-hollandiae

paronai
Diorchis

acuminata

buhbodes

flavescens

inflata
Dipluriella loti .
Diphyllobothriidae
Diphyllobothriinae
Diptera

Discognathichthys rossicus

Discognathus lamta
phryne
rossicus nudiventris
rossious phryne
variabilis
Discophora tullia
Dodona durga
ovida
Dolichopodidae
Dorippe dorsipes
fachhino
fachhino alecocki
facchino typira
granulata

‘Dorippidae

Dorippinae
Drasterius oollavis
} Dravidogecko .

Page.

248

254

254

254

. 224
148, 152
. 233
151, 152
152, 153
96, 99,101
215

417
417
417
106
105
227
. 225
227, 228
226
217
221
. 149
251, 252
239, 240

148

148
. 148
148, 149

. 149
. 149
. lh4
154, 169

27, 50
91, 98, 100
14

Drawida 413, 414, 418, 433 466 476,

477
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Drawida absocisa 420, 421, 429
affinis . 414
T ancisa 421 423, 424
barwelli . 414
bullata . . 424, 426
burchardi 426, 4"8 429, 442, 465,
466

caerules 429, 433
* caerulea rasilis . . 433
caerulea typica 429, 433, 434
constricta 434, 439, 441
dorise . 413
floxa 436 438, 439
T fucosa 430, 439, 441
gracilis 441, 484
hehoensis 443 445, 465
japonica . 463
japonica ordinata . . 463
lacertosa 445, 447, 448
lacertosa sepulta . 447
lacertosa typica . 445, 446

longatria 420, 421, 437, 439, 441,
442, 447, 448, 460, 463, 466, 471,
472, 473, 474

longatria deminuta 439, 454, 457

longatria planata. 452
T longatria nana 461
iongatria ordinata 453
longatria tortuosa . . 457

longatria typica 420, 439, 448, 452,
453, 454, 461, 473

longatrm verrucosa . . 458
1 molesta 463, 465, 477
nepalensis 426, 429
peguana 424, 466, 467
rangoonensis 468, 469
rara 436, 469
sepulta 447, 448
spissata . 471
tumida 437, 439, 461, 472, 474
tumida deleta 474
tumida typica . 472
vulgaris 424, 475
Drepana falcataria 234
Drepanidae 234
Dromiacea Zo, 26, 27, 28
Dromiidae . 27, 28
Dryopidae .92, 94 96, 97 108
Dryops . . .92, 94, 96, 97, 108
Duthiersia fimbriata 163
Dyschirius . " 96
Dytiscidae 92, 94, 96 99, 100, 102, 103,
108
E

Earias fabia . 241
Eatonisca 62, 63, 64
tertiaria 63, 64
Ectropis crepuscularia 240
Edwardsina . 73
Eldophasm messmrnella, 21 1, 212
Elachistidae 213
Elateridae. . 91, 98, 100
Elochista argentella 213

Elymnias hypermnestra
singhala . 258
Ematheudes straminella 224

X111
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Emmittis rubiginata 239
Endeomidae 234
Endotrichinae 223
Endiomis versicolor 234
Endrosis lactella 215
Epispe cycnus "55 259
Enithares . 111, 393
abbreviata 394, 395, 396
indica . 395
intha . 394 395, 396
lactea . 395, 396
lineatipes 96, 98, 99, 112, 393,
394, 395
mandalayensis 394, 395, 397
marginata 394, 395
paivana 395, 396
rogersi . 394, 395
templetonii 393, 394, 395
Enmonodia capensis 246
Enteromorpha 92, 94
Entomogramma torsa 247
Enochrus 91, 92, 93 04, 95 108
bicolor 108
Enoplurus. . 93 108
indica 102, 108
Eois circuitaria 236
Eophlebotomus 62, 63
conneotens 63
Epermenia 212
Epermeniadae . 212
Ephemera 100, 110
Ephemeroptera 90, 197
Ephestia elutella 222, 223
Ephyaxa rosearia e . 239
Ephydridae . 104, 113
Epienaptera ilicifolia 233, 234
Epicopia hainesi 237
Epipagis trisemalis 2217
Epipaschiinae 223
Episilia festiva 247
Epistor lugubris 242
Eupitheciinae . 202
Epitoxis amazoula 245
Epunda nigra 247
Ercheia cyllaria 246
Erota ornatalis . . 226
Erebus hierogyphica 246, 247
Eremobia ochroleuca 248, 249
Erotes stiotious grisous 103, 108
Eretmopus dissita 239, 240
Erinnyis ello 242
Eriocrania semipurpurella . 208
Eriooraniidae 201, 207, 257, 258 261
Eriopyga puerilis 247
Erosia birostrata 237
Erygia apicalis . 248
Estigmene tonuistrigata 244
Ethmia decomguttolia 213, 214
Eublommsa admota 247
Eublepharidac . 9, 16
Eucosma brunnichiana 220, 221
ramella 220
soopoliana 221
Eucosmidao 220, 268
Eucymatoge scabiosata 241
Eudamus proteus 249, 250
Eulepis athamas . 251, 262
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Eulocagtra argentifrons . 247
Eulype hastata 238, 239
Eumaeus minyas 250, 251
Eumichtis roboris . 247
Euphanessa mendica 237, 239
Euphia miata 239
Euplexia lucipara 249
Euploea mulciber 266
Eupolygaster browns 418
Eupterote flavicollis 235
FBupterotidae 234 243 2569
Eurhodope advenella 223
Eurois prasina . . 247
Eurrhyparodes bracteotalis 225, 226
Eurycus cressida 251
Euscotia inextricata 247
Eustrotia erectia 247
Euthalia lepidea 252
magnolia 252

Eutyphoeus 413, 414, 415, 560, 591,

annulatus
* annulatus compositus
annulatus typicus

bibovis 416, 561, 565

1 bullatus 561, 566, 586
cochlearis . 870
constrictus 561 570, 672
excavatus 414 661, 570, 572

T faloifer 561 574, 575, 594
foveatus 413, 661, 562, 575, 576,
6717, 678, 681, 597, 598

hamatus . D78
hastatus . . 561, 579
longiseta 561, 580, 581, 582, 596
longiseta postremus . 681
longiseta typica . b8l

1 macer . . 560, 582, 583
manipurensis 561, 583, 586, 594

T marmoreas 561, 686

1 montanus . 587, 588, 689
peguanus . 561, 572, 688, 589,
591, 592

planatus 561, 592
pusillulus 678, 93, 594
quinquepertitus 6594
orientalis . b87
rarus 561, 582, 595, 596
sejunotus 561, 596, 599, 600
spinulosus 676, 597, 598

1 strigosus 560, 598, 600
Euxanthis aeneana 219, 220
Euxoa porphricollis . 247
Evergestis straminalis 226, 227
Evetria sylvestrana . 220, 221
Exaeretia allisella 216
Falco 161
peregrinus 147
tinnunculus . 161
Feltia subgothica . 247
Filodes costivitralis . . 226
Fimbriaria . . . . 153
fasciolaris . . . . 1683
intermedia . . . . 163

596 600, 601
561, 562
. 562
562, 564, 6566

Page.
Fimbriariinae . 183
Fodina pallula . 248
Fossarina . . . 2,8
Fragillaris capucina . 98, 99

Francolinus pintdeanus phayrei 151, 153

Fulica atra 154
Fumea comitella 230
G
Galleria ceriana 2256, 226
Gallerinae 226
Galleriinae 268
Garra 615

latius . . 194
montis-salsi 97, 99, 101, 106
rossicus 196
Garridae 99
Garrulax leucolophus 164
Gaurens florens 241
Gavara velutina 231
Gecko annamallensis . 14
oceanicus .12, 13
Gehyra 12, 13, 156
larutensis . 16, 16
oceanica 13
paoificus 12
specifica . 12, 13
yunnanensis . 15, 16
Gekko . 15
Gekkonidae . 9, 17
Gelechia obscurella . 217
Gelechiadae . . 217
Gelechina obscurella 216 217
citrina 161

Goometridae 200, 202, 203, 204, 205,
206, 237, 243, 259, 260

Gerridae . 98, 100, 101, 102, 111
Gerris fossarum 102, 111
spinolae 102, 111
tristan 102, 111
Givira lasia . 231, 232
Glossiphonia 105
reticulata . 97, 106
Glossoscolecinae . 601
Glyphidrilus 603, 604
papillatus 603, 604
yphipterycidae 212
Glyplnptery idae . 219
Glyphipteryx equitella 212, 213
Glyptosternum reticulatum 610
Glyptothorax 616
Gobio gobio 196
gobio lepidolaemus . . 196
Gomphonema subclavatum 96, 101
Gomphus . 100, 111
Gonatodes 10, 11, 12, 17
affinis . . 10
africanus . 10, 11
beddomei . 10,11
boulengeri . . . 10
dickersoni . 10,11
glaucus . . . 10
indicus . . . 10, 11
kendalli . . . . 10
marmoralus v . . 10, 11
mysorensis . . . . 10, 11



Page.
Gonatodes nigridius . . . 10
ornatus . . . 10, 11
sisparensis . . . . 10, 11
Gonimbrasia nictitalus . 243
Gonospileia glyphioa . 246, 248
Gracilaria 212
Gracilariadae 212
Gracupica nigricollis . 154
Gymnodactylus pulchellus 9
Gyrinidae . 21
Gyrtona proximalis . 247
H
Hadena reticulata . 248
Halobates . 110
Hastirogaster . 418
browni . 418
livida . 418
Heilophisma klugii 247, 248
Helchyra hemina 252
Heleocoris . 94, 99, 100, 102,
111
Heliconisa pagenstecheri 243
Heliodinidae . . 212
Heliozela, sericiella . 211
Heliozelidae 211, 268
Heliophisma klugii . 246, 247
Hema vagesa 244
Hemerophila seperata 239, 240
Hemidactylus . 15
Hemimene alpinana 220, 221
plumbana . . 221
Hemiphyllodactylus . 15
harterti . . 16
insularis 16
leucostictus. 16
margarethae . 16
typus 16
yunnanengsis . 16
Hemiptera . . . . 197
Hepialidae 207, 208, 209, 257,
258, 261
Hepialus lupulinus . 208, 209
Hermonassa consignata . 247
Hespagarista rendalli 245
Hesperia . . . 260
notata . 249, 250
syrichthus . . 2650
Hesperiidae 249, 260
Hesperoidea 201
Heterocera . 206
Heteroneura . 209, 267
Heterusia quadi-plicaria 238, 239
Hieraaetus 163"
pennatus 162
Hippotion boerhaviae . 242
Hirasa scripturaria 239, 240
Hirudinea, . . 97
Holocryptis melanosticta 245, 246
Homeosoma sineulla . 223 |
Homoeothrix juliana . 101
Homoneura . 207, 209 257, 258
Hoplodactylus 12, 13, 14
duvaucelii . . . 13,14, 15
granulatus . 14,15
maoulatus . . . 14, 16
pacificus . . 13, 14, 15

Index.
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54, 58, 63, 64, 66, 72,
73

54, 57, 60, 61

52, 54, 55, 61

1 Horaiella

T consimilis.
+ prodigiosa

Horsfieldia anita 250, 261
Hyalobates hoolock 164
Hyalobathra gripusalis 226
Hydaticus . 98

fabricii 94, 99, 108
Hydrelia sylvata . 239
Hydriomena sordidata . 240, 241
Hydriomenidae 241, 243, 269
Hydrocampinae 226
Hydroecia petasitis 247
Hydrometra 91, 95, 98
Hydrophilidae 90, 91, 92, 93, 94, 95,

96, 99, 100, 102, 108

Hylemera circumcineta 239, 240
Hylephila phyleus 249
prasinana . 244
Hylophilidae 244, 260
Hymenia (Zinckenia) perspectalis 226
Hymenolepididae . 149
Hymenolepidinae . 163
Hymenolepis 154, 155, 1686, 157,
158, 159

ambiguus 169
anatis . 157
armata . 157
brevicirrosa 157, 158
brevis 164
carenula 167
collaris 164
corvi v 167
dahurica . 167
echinocotyle 154, 169
farciminosa 154
filamentosa 1567

t filta. 165, 166

t fimula « 165
fista . . 166

t fola. . 167

T fona 167, 168

t foveata . 168
fringillarum 157, 169
gracilis 156
introversa . 158
longicirrosa 158, 169
magniovata 1569
mesacantha 157
ovoides 167
passeris 157
phalacrocorax 157
rugosa 1568
serpentulus 1569
setigera 169
sibirica 157
sinuata 167
sphaerophora 1567
spinosa 166
taeniata 168
vallei 1568
villosoides 1568
voluta 167
zosteropis 167
Hymenoptera . 197
Hypenophora perlimbata 2317, 239
Hypercallia christiernana 210
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Hypermecia augustana 220, 221
Hypochalcia ahenella 223
Hypolycaena erylus 250, 251
Hyponomeuta padella 214
Hyponomeutidae . . 213
Hypsidae . 243, 260
Hypsotropha rhodochroella 223, 224
I
Jeucula ablinearia 240
Idiogenes . 147
T furtiva 147
Tdiogeninae 147
Ilia mariannae 42
Iliinae . 27, 42
Incurvaria morosa 209, 210
+ Indocampa 379
Iphlculus spongiosus 27, 42
Iraota timoleon 251
Isadehphina cheilosema 246, 248
Ischnura aurora 103, 112
ramburri 112
senegalensis 112
verticalis 112
Ischnurges gratiosalis 227
Ischyja eyndhovii 247
Ixa 27, 47, 48, 50, 77, 78, 80,
81
cylindrus 21, 45, 46, 47, 48, 50,
78, 80
edwardsi 47, 49
inermis 27, 47, 48, 49, 50, 80,
81
T investigatoris 78, 79, 80, 81
Ixoides . 71, 81
cornuius . 81
J
Jugatae . . . 257
K
Ketupa zoylonensis . . 156
L
Labanda fasciatus 246, 247
Labidura 90
riparia . 91, 92
Laccophilus flexuosus 102, 108
Laccotrephes 102, 108, 111
Lacosomidae 259
Lagoidae 230
Lamellidens . 105
Lampides boeticus 250, 2561
Lampronia capitella 209, 210
Lamproniadae 209, 258
Lamprosema niphealjs 226
Laphygma exigua . 247
Larentia limitata 237, 239
Liasiocampa quercus . 233
Lasiocampidae 233, 234, 259, 262

Page.
Lasiocampina . 233, 234, 269, 261, 262
Lasiplexia chalybeata 248, 249

Laspeyresia janthinana 220
nigricana 220
Leocyma appolinis 247
Lepidocampa . 379
1 gravelyi 389 390, 391
* gravelyi submissa . 392
weberi 383, 384, 387

*weberi borneenis 384, 385, 386

*weberi ceylonica 387, 388
Lepidodactylus 16
aurantiacus . 15
ceylonensis . 15, 16
cripuscularis 15
harterts . 16

197 198, 199, 200,
202, 204, 205, 206, 207, 209,
251, 259, 261

Lepidoptera

Leptomeris imitaria 238, 239
Lestes 176
ridley: . 177
udeana 178
wallacei 175, 177
Leptomeris imitaria 237
Lethe diana . . 256
Leucania pudorina 248, 249
Leucoptera scitella 217
Leucosiidae . 27, 32
Leucosiinae 27, 82
Leucosia . 27
craniolaris 27 32 33, 34
obtusifrons 35, 36, 37, 38
pubescens . 3‘.’, 33, 34
rhomboidalis . 27,32,34
trotundifrons 27, 34, 35, 37, 38
truncata 32
unidentata . . 37, 38
vittata . . 32, 33, 34
Leucostrophus nirundo . . 242
Libellulidae 95, 96, 98, 99, 103,
104, 112

Libellulinae 111
Libine prorsa 231
Libythea cettis 263
myrr ha 253
lopita . 253
Libytheidae 253, 260
Limnatis nilotica . 105
Limochares baracosa 249, 250
Limacodidae . 231, 259
Liobagrus 609, 611, 612
andersonii 612
formosanus 612
nigricauda 611, 612
reini . 612
sugubii 612
Lioocassis 616
Lithocodia vialis . 246
Vithooolletis schreberella 2]12
Lithographia paykulliana . 220
Lithosia complanata 243, 244
Lobesia permixtana . 220
Lophoptera xista 247
Loricaria . 615
Loxostege ma.nca.hs 227
Loxura atymnus 260, 251
Lozopera (Aethes) dilucidana 219, 220
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Ludia smithi . . . 243 Metzneria melzneriella . 217
Lumbricidae . . . 601 Miana arcuosa 248, 249
Lumbricinae . . . . 604 rufuncula 249
Lycaena acmon . . 251 Micragrotis punctocostata 248
Lycaenesthes larydas . . 251 Microchaetinae 603
Lycaenidae 250, 261, 260 Microcystis roseopersicina 105
Lycia hirtaria 240 Microglossa scoparialis 224
Lycophotia margaritosa 247 Microlepidoptera 197
Lycorea ceres . 255, 256 Micropterycidae . 261
Lycosa 90. 91 Micropterygidae 201, 207, 209,
Lygris pyropata 239 258, 259
Lymantria dispar 243 Micropterygides . 257
Lymantridae 243 Micropteryx aruncella 201, 207,
Lyonetiadae . 217, 219 208
Lyssidia achillari . 237 Micronecta i 111, 397, 398
Lythia purpuraria 238, 239 Micronecta daedala 398, 399
' desertana 398, 399
fulva 398, 399
M issa 398
piccanin 400
Macroglossum gyrans 242 quadristrigata 400
Macronoides 616 8OTOT . 398
Macroplecta fuscifusa 231 substriata 398, 400
Malacosoma neustria 232, 233 Micronectinae 397
Marasmia venilialis 226 Mimas tiliae 242
Marathyssa cuneata 247 Miselia bimaculosa 247
Margaritifera 167 Miselia persicariae 248
atropurpurea 173 Mnemonica subpurpurella . 208
chemnitzii 171 Mnesarchaeidae 207, 257, 258, 261
praetexia 171 Mompha fuluescens 216, 217
vulgaris 170 lecteella 216, 217
Margaronia euryzonalis . 226 Moniligastridae 417
Maruina 58, 65, 69, 70, 72 Moniligastrinae . 414
californiensis 70, 72, 73 Monopylidium macracanthum 165
indica 53, 70, 71 Morphidae 256
pitosetta 70 Mycalesis anapita 256
spinosa 70 Myelois advenella 223
ursula 64 Myelobia smerintha . 226
Matuta 31 Myra elegans 27, 40, 41, 42
lunaris 27, 31, 32 fugax 27, 39, 40
planipes . 27, 32 pentacantha 40
victor 31 Mythima rubricosa 247
Matutinae 27, 31 Mytilus margaritiferus 168
Maurelia iconice . 246
Meccoptera 197, 268
Meesia richardsoni 218 N
Megalestes 176
Megalopycidae . 230 Natrix stolatus 164
Mecgalopyge ornata 229, 230, 231 Naucoridae 99, 100, 102, 111
pedacia 230, 231 Naultinus 13
tharops 230, 231 brevidactylus 15
Megalopygidae 269 granulatus 15
Megascolecidae 477 maculatus 15
Megascolecinae . 413, 477 pacificus 15
Megascolex . 484, 491, 489 Navicula (Pinnularia) parva 93, 101
horai . 489 Negeta albigrisca 247
mauritii 491 Nemachilus 183, 184, 189, 613
Melanidae 96, 97, 99, 100, 101 baluchiorum 184, 1856
Melanitis leda . 256 bampurensis 184, 185
Melanoides flavidus 96, 97, 99, 100, botia 189
101, 106 brahui 183, 184, 185,
Mesoleuca ruficillata 238, 239 186
Metasia arida . 227 corica 189
Metriotes modestella 213 gracilis 189
Metrocoris 98, 100, 101 griffithii 181, 186
stali 98, 99, 101, 111 kessleri 183, 184, 185, 187,
Metroliastes 160, 161 188, 189, 190
1 fulvida . . 1860 macmahoni 186
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Nemachilus montanus 183
{prashari 189, 190
rhadinaeus 186
Nematois degeerella 210
Nemeobiidae 256
Nemopalpus . 56, 62
Nemophora schwarziella 210
swammerdammella . 210
Neotelmatoscopus 59, 72, 73
Nephele didyma 241, 242
Nephelodes emmedonia 248
Nephodia exudaria 239, 240
Nephopteryx roborella 223
Nepld&e 96, 98, 100: 102’
111
Nepticula 211
basella . 211
Nepticulidae 210, 258
Neptis vermona . 252
Nettapus coromandelianus 156
Neurois atrovirens 247
Neuroptera 197, 258
Nisaga simplex . 234, 235
Nisoniades tristis 199
Nitzschia 94
ingustata genuina . 93
palea . . 08
Noctuelia floralis . . 226, 227
Noctuidae 200, 201, 202, 203,
204, 206, 245, 249, 260
Noctuina . 198, 243, 249, 261, 262
Nonagria despecta 247
Notada quadrata . 231
Nothabraxas irregularis . 239, 240
Notocelia uddmanniana 220, 221
Notodonta carmelita 234, 235
Notodontidae . . 2356, 259
Notodontina, 234, 243, 259, 260,
261, 262
Notonecta abbreviata 395
ndica 395
Notonectidae 96, 98, 99, 102, 103,
104, 111, 393
Notoscoles 71, 86
chimmonis 71, 86
Notoscolex 484, 489
birmanicus 484
depressus 484
lunatus 490
triquetrus 491
Nychia 393
Nychitona nina 254
Nycticorax 151
nycticorax . . . 151
Nymphalidae 202, 203, 251, 260
Nymphula diminutales . 112
Nyroca ferina 165, 159
Nystalea ebalea 235
0
Obeidia gigantearia 240
Ocneriadae 243, 260
Oocthebius 90, 91, 92, 93, 107
aurioulatus 107
Octochaetinae 665
Octochaetoides 556, 556, 557

Page.
Octochaetus . . 555
aitkeni . 5655, 556
antarctious 556
barkudensis 555, 556
barnesi . 555, 556
beatrix . 555, 556
birmanicus 416, 555, 566,
557, 558, 560

castellanus 565
excavatus 565, 556
fermori 555, 656, 557, 659
ganeshae 555, 556
hodgarti 555, 556
huttoni 655
lunatus 559
maindroni 5565, 556
mjchaelﬂeni . . ° 556
montanus . . . bdd
multiporus . . 555
paliensis . 5556, 556
pattoni . . . 5565, 556
philloti . . . 655, 556
pittnyi . . . 555, 556
prashadi 555, 556
roseus 555, 556
surensis 556, 556
thomasi 555
thurstoni 556, 556
Oecophoridae 214
Oedogonium 93, 95, 96, 101
franklianum 103
Oegoconia quadripuncta . 217
Oenospila flavifusata 239, 240
Odontodes aleuca 246
Odonestis pruni 233
Oiketicua kirbyi 230
Oinophila flava . 217
Ommatophora fulvastra . 246
Ommatopteryx californicalis = 227, 228
Olyra 608, 609
reducta 234
tOrectochilus alienus . 22, 23
cordatus 22
figuratus 21

1 horni . 21
oblongiusculus 21, 22
oblongiusculus feai 22, 23
oblongiusculus parkeri 22
Orenia alpestralis . 227
Oreopsyche leschenaulti 230
Organopoda carnearia 239
Orgyia antiqua 243
Oriolus chinensis indicus 145, 160
Orneodes hexadactyla 214, 215
Orneodidae 214
Orolestes . . 175, 176
texcelsa 176, 181, 182
octomaculata 176, 180, 181,

. 182

selysi 175, 176, 178, 179,
180, 181, 182

udeana 176, 178
wallaces 176, 177, 178, 181
Orthage basalis . 222, 223
Orthetrum 112
Oruza latifera 247
Othreis materna . . 246

Oxicesta geographica . 247



Oxyodes sorobiculata
Oxystomata
Ozarba perplexa

P

Pachnobia carnea
Pachydactylus maculatus
Pachylia ficus
Paectes subapicalis
Pagyda traducalis
Palimpsestis
Palpomyia
Paltodora cytxsella,
Pamea excavata
Pamphila agricola
sylvanoides
Panctada margaritifera
Pandemis corylana
ribeana
Papilionidae
Papilionina

Indez.

Page.
246, 248

25, 26, 27, 28

246

247

10

242
247
226
241
217
230
249
249
167, 168 169
. 222
221, 222

'199, 203, 251, 260-
249, 256, 259, 260,

261, 262

Papilio demoleus . 251
memnon . 206
Papilioninae 204 261, 262
Parachronistis albiceps 217
Paractenia allutalis . 223
Paradarisa comparataria 239, 240
Paragonatodes . 10, 11
Parallelia proxima . 248, 249
Paraponyx bryophilalis 226, 227
Parasalepida 231
Pardia stripunctana 219
tripunctana 220
Parectopa ononidis 212, 213
Parhestina persimilis 261, 252
Pariphiculus 42
cornutus 42
mariannae 27, 42
rostratus 42
Pariphilus agariciferus 42
Parnassius epaphus 250, 251 260
Parnidae 108
Paruterininae 160
Patelia medardaria 239
Patissa virginea 224, 225
Pelurga comitota 237, 239
Pempelia palumbella 223, 224
Pericoma . 70
exquisita 67
longicornis 71
morula 70
Pericyma glaucinans 248
Perdicula argoondah 164
Perenia ductaria 240
Perigea . 246 247
Perionyx 414, 4186, 549, 653
ditheca . 563
excavatus 4186, 549, 561, 563, 554
Sfulvus 549, 661

1 viridis 551, 6563
Periophthalmus 122
Perittia obscuripunectélla 213
Perizoma albulata 239
Perlamter vulgaris . . 169
Peronea holmiana 221, 222

P

xix
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Perophoridae 230
Peropus . . 13
Perrioallia ricini . . 244
Perrisectis australasiae . 202, 205,
208, 209

Persectania ewingi . . 248
Petovia dichroaria 240
Phalaenae . 198
Phaloniadae 219, 2568
Phalonia ciliella 219, 220
tesserana 219, 220
Phaulernis dentella . . 211, 212
Pheretima . 413, 414, 415, 492, 500,

6507, 637, 547, 548, 667, 568

alexandri 492, 533, 536
alexandri graoilior . 493, 494
alexandri typica 492, 493, 494
analecta 494
* analecta promota . . 494
anomala 413, 415, 496, 5074,
60

601, 502, 504,
505, 508, 608, 509
504, 6505, 506,
508, 609, 510

anomala centralis

anomals insolita

anomala typica 4986, 503, 504, 506,

507, 608, 509, 510
bellatula 548
Dbirmanica 510
bournei . 510
carinensis 521, 523
carinensis infra 621
carinensis mota 521

carinensis pinguis 5."1 523

carinensis sectilis . 623
carinensis typica 6523
* carinensis vara . b22
campanulata 511 514, 516,

518, 519

campanulata meridiana 511, 615, 519
campanulata penetralis 511, 512,
515, 619, 520, 521

campanulata rugosa 416, 512, 615,
517, 618, 6519, 520, 521

campanulata typica 615, 517, 519,

520, 621
compta . b24
defecta 532, 533
doliaris . b24
doliaris armillata 524, 525
elongata 416, 526
exigua 626
exigua austrina 625
exigua typica . 525
t fucosa 526, 528
gemella 528

gemella qua.dripom . B29
gemella typica 416, 529, 642
hawayana . . b29

hanayana lineata 416, 529
hanayana typica 529
heterochaeta . . 520
houlleti hl4, 516, 518, 519, 529
houlleti rugosa . 512, 520
jacita 530, 532, 633, 5643
jacita defectn 532
longicauliculata . b33
1 maoulosa 534, 536
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Pheretima mamillana 537
manicata 5317
manicata decorosa 537
mendosa 538
minuta . 525
nemoralis 549
ornata 538
papilio 539

*papilio fracta

papiliohiulea 539
papilio typica 539
peguana 527 540
planata 416, 541
porrecta 542, 543
posthuma 543

1 rufuls . 543
rugosa 413, 520, 621, 533
terrigena 528, 546
velata 546
velata clavata . 546
Phiala marshalli 234, 235
Phigalia pedaria 239, 240
Philanisus 112
Philyra globulosa . 27, 38
Phlaeodes tetraquetrana 219, 220
Phlebotominae 65
Phlebotomus 56, 57, 58 62, 63, 64,
65
Phocoderma ocellata 231, 232
Pholus fasciatus 241, 242
Phostria obscurata 226
Phragmataecia eastaneae 232
Phromidium molle . 95, 96
Phtheochroa sodaliana 219, 220
Phucobius 109
Phycitinae 223
Phylactaenia tyres 227
Phyllodactylus 10
elisae 10
riebeckii 10
siamensis 16
Phytometra albostriata . 246
Pieridae . 254, 260
Pieris rapae . 254
Pimelodus 609 612, 617
Pinctada 167
aerala . 169
albina . 169
anomioides 167, 172 173, 174
atropurpurea . 167, 173
chemnitzt 167, 171, 172
Sfucata 169
imbricata . 169
lentiginosa 169 170, 171
margarifera typica 168, 169
martensi 170
nebulosa 169
occa . 169
perviridis 169
varia . . 169
vulgaris 167, 168 169 170, 171,
172, 173
Pingasa bephrosm.rm. 239, 240
1Pisidium . 1,3,4,6,7
acuminatum 2
amnicum . 2

1 appressum . .1,4,5
casertanum . 2,3,45,8

Payg
Pisidium cedrorum . .2,
(Fossarina) cedrorum .
(Fossarina) obliquatum .
(Fossarina) zugmayeri
T futtereri .

T kukenurense

T lateumbonatum

liltjeborgi

limosum

mitchelli

1 obliquatum .
obtusale 1,
T ovale .
T persicum
pulchellum
sphaeriiforme
stewarti

1 stoliczkanum

1 supinoides
thermale
turanicum .

N
»
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1 zugmayeri 2,3,4,6
Pithea continua 239
Platydactylus crepusculams 16

duvaucelii . 13, 15
Platyedra malvella 216, 217
Platyles cersella 228
Platystethus . . 109

cornutus 92, 109
Plea 102, 111
Plusiodonta metalensns 248
Plutella maculipennis 212

porrectella 211 212
Plutellidae . 211 258
Plutollus 471, 483, 484

inflexus . 4m

* inflexus compomtus 4717, 479

inflexus typicus 4717, 478, 480

1 pandus . 480, 483
Podiceps ruficollis 148
Poecilocampa populi . . 234
Poilocambogia plunstrlga,ta 238, 239
Polia olivacea 247
Polites vibex . 249
Polycentropidae 96 97, 99, 101
Polydesma umbricola 248
Polydonta granularis 412
Polygrammodes' ponderalis 227
Polyploca flavicornis 241

orbicularis . 241
Polyplocidae "41 243, 260
Polytela gloriosae 247
Pontoscolex . 601

corethrurus 413, 601
Polla vesulia . 240
Porina vexata . 209
Potamodytes 94 96 98, 99, 100,

102 108
Potamon (Potamon) fluviatile

ibericum . 101, 105
Potamon (Potarion) ﬂuvmtlle

monticola 97, 100, 105
Potamonidae 97, 100, 101
Preois almana . 252
Pristurus 10
Procris statices . 230
Prodenia litura . . 247

Prooedema insoisalis . . . 227



Indezx.

Page.
Prosmixis quercella 228
Proteocephalidae 163

Protoparee quinquemaculatus . 242
Prototheoridae . 207, 257, 258, 261

Proxenus pectinifera 247
Psamolis hyalinalis 227

lancealis 227
Psara pallidalis 227
Pseudecheneis . 615
Pseudergolis wedah . 253
Pseudoclanis postica 241, 242
Pseudocoremia productata 239, 240
Pseudophyllidea 163
Pseudosphinx tetrio 242
Psichotoe duvauceli 245
Psittacula manillensis . 145
Psychidae . 233, 259
Psychina 230, 233, 208 259, 261, 262
Psychoda 65

aberrans . 63
Psychodidae 53, 57, 65
Psychodinae 67, 68, 69
Psylla celsia 247
Psylliodes tenebrosus 91
Pterocles orientales . 146
Pterophoridae 228, 259
Pterophorus pterodactyla 228
Pterostoma palpina 235
Pumea comitella 229
Pyralidae 98, 112, 222 258 259
Pyralidina 222, 229, 258, 259, 261

Pyralinae . 222

Pyralis farinalis 222, 223
Pyrameis cardui 251, 252
Pyraustinae . 226
Pyrausta ostrinalis 227
Pyraustinae 229
Pythea continua 240
Python molurus 163
R
Radena similis 255, 256
Raghuva multu-a.dla,dxa.ta. . 246
Raillietina 145, 146
blanchardi 146
conopophilae 146
oruciata . 146
(Paroniella) compacta 145
(Paroniella) cruciata 146
(Paroniella) facile 146
T(Paroniella) fulvia . 146

(Raillietina) paucitesticulata 146
Rana cyanophlyctis . 95, 96, 97, 99, 101,
106, 126, 141, 143

hexadactyla 125, 126, 128,

141, 143

Ranatra elongata 96, 98, 100, 111
sordidula . 102, 111
Ranidae 95, 96, 97, 99, 101
Raninidae 27, 62, 17
Raninoides 71, 86
fossor . . 84

+ hendersoni 81 84 85, 86
laevis 84, 86

laevis lamarcki . . 84

XXi

Page.
. 27, 62, 717,
82, 83, 84, 85, 86

Raninoides personatus

serratifrons 77, 83, 85, 86
Rapala lazulina 260, 251
melampus 250, 2561
Rhimphalea trogusalia 226
Rhizagramma comma 247
Rhodaria sanguinalis . 227
Rhodometra sacraria 238, 239
Rhodoneura taeniata 228
Rhopalocera 199
Rhopalodia gibba . 101
Rohana parisatis 251, 252
Rondotia lineata : . 234
Rostratula benghalensis 157, 165
Rucculatrix cristatella 217
S
Salatinca 267, 258
Salarias aequipinnis 121
heteroptera 121
Salda phallipes 110
Saluria macrella 224
Sangatissa subourvifera 235
Sanrea samealis . 226
Sarcinodes debitaria 2317, 239
Saturnidae . 242
Sauris hinudinata 238, 239
Satyridae 256, 260
Scaphiodon 194
aculeatus 1956
kaluchiorum 195
daukest 195
trreqularis . 194
macmahont 194, 193
microphthalmus 194
perergrinorum . . 194
readingi 96, 99, 100, 101
readingt 1914
watsont 194
watsoni belensis 194
Sceliodes laisaiis 227
Schistometra 148
togata 148
Schizothorax intermedius 196
pelzami 196
raulinsii 196
zarudnyi 196
Schoenobiinae . 225
Schoenobius incertellus 224, 225
translinealis . 225
Sciomyzidae 91, 110
Scoparia crataogella 224
Scoparinae 224
Scopula imitaria 239
Scotogramma trifolii . 247
Soythropia crataegela 213, 214
Secusio mania 244
Segmontella 410
Selenia bilunaria 236
Selidosemidao . 236
Sematura lunus 236, 237
Senta albilinea . 248
Sercophora hypoxantha . 228
Sericostomatidao 103, 104
Setora nitens . 231



xxii Indez.
Page. Page
Sideridis lithargyrea . 249 Taenia globifera 181, 163
Sigara annendalei . 406, 407 nasigera 159
distorta 403 Taeniidae 161
nigrolineata 407 Tagora postica . 235
paivai 407 Tamraoa torridalis . 222 223
promontoria . 404 Tanaorhinus vittata 238, 239
rambhaensis 405, 406 Tanytarsus 104, 109
seistanensis 401, 402 Tarachidia condefacta 247
seistanensis randana 402 Tarucus telicanus 251
septem-lineata 404, 405 Tricochlea albicolon . 248
Simaethis pariana 212 Tathorhynchus exsiceata 248
Simuliidae 99, 110 Tathothripa continua 246
Simulium 99, 110 Tatobotys biannulalis 225
Simyra venosa 247 Tegostoma comparalis 227
Sinolestes 176 Telmatoscopus 54, 63, 65 ‘70 71, 72
Sisoridae 611 albipunctatus 71
Solenobia inconspicuella 218, 219 deminuens 71
Somara albicosta 231 horai 54, 67 69, 71, 72
Sommeria cribraria 243 indica 68, 69, 72
Sosia . 611 albipunctatus 71
Bpathodactylus mutilatus 16 merrdionalis. 71
Spathoscalabotes 15 T(Neotelmatoscopus) horai . 53,65,
Speiredonia retorta 247 6, 68, 69
Sphaerodactylus . 16 Telphusa fugitivella 216, 217
Sphaerodema molestum 102, 111 Temnora iapygoides 241, 242
Sphenocercus sphenurus . 145 Tenaris honrathi 265
Sphingidae 200, 208, 241 260 Tetraphyllidea 163
Sphinx ligustri 241, 242 Teracolus halimede 254
Spinus ictericus R 159 Teracotona submacula 244
spinus 159 Terastia metioulosalis 226
Spilomela perspicata 226 Terias hecabe 254
Spindasis ictis 251 Thecla pholus 251
lohita . 251 Therapsis evonymaria 240
Spiroghlyphus 409, 410 Theretra latreillei . 242
spiruliformis immersa . 412 Thinobius 108
Spirogyra 93, 99, 101, 103 Thliptoceras xanthomeralis 227
Spodoptera mauritia . 247 Thosen syrtis 231
Staphylinidae . 92, 108 Thyatira batis 241
Stathmopoda pedella 212 Thymelicus athenion 249
Stauropus pallidifascia 235 vibex . 249
Stemmatophora erebalis . 222, 223 Thyrididae 204, 228, 229, 269
tStenodactylus maynardi 18 Thyris fenestrella 228, 229
orientalis 18 Thysanura, 197
Sterrhidae 236 Timora decorata 246
Stomatopoda 25 Tinea albipunctella . 218
Stomopteryx vorblcella 217 pellionella . 219, 218
Strepsiptera 197 Tineidao 201, 217, 219
Surendra quercetorum . 250 251 Tineina 209, 218, 258, 259, 261
Sycorax 58, 62, 63, 64, 65, 72, 73 Titanio pollinalis . 227
chilensis . 64 tTonosoolex 484 489, 491
Sylepta angustalis 226 birmanicus . 484
Symbrenthia niphanda 251, 252 depressus . 484, 491
Syngamia floridalis 226 * depressus scutatus 485, 487, 489,
Syngrapha circumflexa . 248 491
Syntomidae 245, 260 T ferinus 487, 489
Systasea erosus 249, 250 lunatus . 490
triguetrus . 489, 491
Tortricidae 200, 201, 204, 221, 258
T Tortricina 219, 258, 261
Tortricodes tonbmce]la . 221, 222
Tabanidae 90, 94, 95, 96, 110 Tortrix . 222
Tabanus 90, 92, 94, 95, 96 musculana 222
Tabidia insanalis . 226 rusticana 221, 222
Tachys blandus 98, 100 Trabala vishnu . 234
quadrillum . 94 Trachea stoliczkae . 247
Tacda aetitis . 231 Tragopan satyra . 146
Taenia coccothraust\s . . 159 Traminda obversata . 238, 239
oylindracea . . 161, 162 Trichiura crataegi . . 233, 234
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Page.
Trichocorixa wallongreni . 110
Trichomyia 63, 71
Trichomyiinae 65
Trichoptera 103, 197, 199 257 258
Trithemis . 95, 96, 98, 112
festiva 95, 96, 98, 99, 103
Trifuroula immundella 211
Tringa hypoleucos 149
Tritocha varians 236
Trochilium opifornre 214
Trochus . 410
niloticus 409, 412
pyramis 409, 412
Trogophlaeus 108
Tryblionella punctata 93
Tuerta trimeni 245
Turbellaridae . 97, 101
Tylognathus barbatulus 194
Tyndaris erycinata . 234
Tyndis proteanalis 221, 222, 223
Tyspanodes linealis 226
Tyto alba javanica 156
4]
Udea (Pionea) ferrugalis 223
Ulopeza latiferalis . L 226
Urania leilus 237
Uraniadae . .. 236
Uranothauma falkensteini . 251
Uresphita polygonalis 226, 227
Urocissa melonacephala occipitalis 325,
328
Uroplates 17
Uroplatidae . 9, 16
Urota sinope . 243
Utetheisa pulchella 244
\'A
Valipora . . . 151
mutabilis 151

XX1ii

Page.

Vanessa polychloros 252
Varanus flavesceus . 163
Varicorhinus 194, 196
beso 194
beso-capoeta 194
damascinus. 194
heratensis 195
heratensis stemdachnen 196
Veliidae 101
Vermetus 409, 411

T Vermetus (bplro"lyphus) anda-
manicus 409, 410, 411, 412
Virachola isocrates 250, 251

w
Weinlandia 154, 155, 156, 157, 158,
159
X
Xenophora (Onustus) solaris . 28
Xanthorhoe fluctuata 2317, 238, 239
Xyleutis kilimandjarensis 232
Y
Y pthima argus 256
Z
Zebronia phenice . 227
Zeltus etolus 251
Zerene elongatoe . 239
procellata . 239, 240
Zesius chrysomallus 251
Zirera lysinion ..oO 251
Zygaenidao 230, 233, 259, 260
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Page.

A
Acanthaceae 361
Adraneothrips 355
fuscicornis 355
tenuipennis 335
Aleurodidae 343
Aleurolobus 344
Aleurothrixus indicus 343
Aleurotrachelus 343
ftuberculata 343
Aleurotulus arundinacea 345
Alpigenobombus 333, 334
Andropogon amboinicus 356
Androthrips 349
Arenicola . 288
Ashtonipsithyrus 340, 341
Astacidae . . 277
Axiidae 277, 278, 280
Axiopsis 277, 280
Axius 280

B
Blepharoceridae 283, 285, 286
Boehmeria nivea 347
Bombus . 331
Bremus 331, 333
atrocinctus . 332
eximius . . 332
funerarius lateritius . 336
t grahami . . 334, 335
haemorrhoidalis . 331, 333
haemorrhoidalis albopleuralis 331
mastrucatus . 334
mastrucatus kashmirensis 333
mimeticus gantokiensis 333
mimeticus geminatus . 333
mimeticus insidiosus 332, 333
mimeticus turneri 333
monticolans . . 332
nineatus (Sibiricobombus) 336, 338
toculatus 336, 336, 337
orichalceus 334
orientalis buccinatoris . 332
rufofasciatus ladakhensis . 332
gimillimus 332
tunicatus 333

C
Calastacus 281
Calocaris . 280, 281

Cancer modestus . 277

Price Anna 1 or 13d.]

Centrorhynchus .
aluconis
asturinus
corvi
t maryasis
pinguis
spinosus

f Chilopora indica
longitarsis .

Chrysophrys berda

Cirsium japonicum

Clerodendron fragrans
Compositae
Crotalaria saltiana
Cucumis sativa
Cyperus

brevifolius

dilutus

procerus

Dahlia

Derris uliginosa
Desmodium polycarpum
Diopatra variabilis
Dioscorea
Diversobombus
Dunbaria

Enteromorpha
Erethistes
Etroplus suratensis
Eunice
fasciata
harassii
punoctata
sapguinea
torquata
viridis
vittata
Euphorbia hirta
Eutrichocheles .
modestus

310,

Ficus .

Page.

325, 327
3928

327

328

325, 327, 328
327

328
-375
375

288

361

358

361
353, 358
361

353

353

353

353.

361
361
358
288.
361
332
3568

302
284
. . 288
294, 297, 311
310, 312, 214

294, 314, 315, 318

310, 312

307, 311

311, 314, 316
319

319

347

277, 278, 280, 281
277, 278, 279, 281, 282

343, 345, 249
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Page.
G
Galuminae 371
‘Galumna curvum ventialis . . 373
hawaiiensis 374
Janceatum octopunctatum 374
nilgiria 372, 373
tessellata . 3N
‘Garra 284, 285
-Glyptosternum 284
.Glyptothorax 284
H

Haplothrips 347, 349, 353, 355, 363, 365
aculeatus 352 363, 355 366, 368
andhra 65, ggg

andhra (Zygothnps) 3
apicalis . 365, 368
apicalis (Hmdsla.na.) . 361
certus 353, 3564, 366, 367, 368
1 chinensis . 359, 367, 368

-ceylonicus 353, 3568, 3569, 360, 336(;78
*coylonicus mangifera 359, 367, 368

ceylonicus vernoniae . 360
euphorbiae 347, 368
fuliginosus 349
fumipennis 347, 365, 366, 368
-+ fungicola . 350, 366, 369
ganglbaueri 354, 355, 366, 367,

361, 363, 366
gowdeyi 354, 366, 369

'} imperatae 354, 366, 369
1 incognitus . 349, 366, 369
inquilinus 349, 3562, 366, 366, 367,

369

inquinatus 352, 355, 366

longisctis 359

oneco 358, 3569

pictipes 360, 351, 366, 369

* pictipes malayensis 351, 366

ramakrishnai 363, 364, 368, 369

+ sesuvii 363, 368, 369

soror . 364

sororculus 361, 366 367, 369

subtilissium . . . 349

tonujpennis . 356, 369

terminalis . 365, 367, 369

+ themedae . 356, 357, 368, 369

tirumalraoi 365, 368, 369

vernoniae 358, 359, 360, 361,

367, 368, 369

* vernoniae grandior 361, 367, 368,

369

Hindsiana apicalis 361

Hoplodaotylus duvaucelii . 3717

pacificus . . 31

Horaiella . . . 283, 284, 286
I

Impations balsamina . . 352

Imperata arundinacea . 366

oxaltaty . 336, 356

Page,

Iron 284
Ischaemum muticum 356

X

Karnyothrips 347, 349, 358, 359,
365

flavipes . 368
longisetis 369
melaleucus 369
Killingia monocephala 356

L
Lactua scariola sativa . 361
Laguvia ’ . . 284
Lantana . 3568
camara . 360
trifolia 361
Lapidariobombus 332
Lates calcarifer 288
Laurus 344
Lumbriconereis latreﬂlex . . 319
Lumbricus terrestris . . 316
Lysidice . 297
ninetta 319
M

Mangifera indica . . 359
Marphysa 287, 293, 297, 310
californica 293
furcellata 287
gravelyi 287, 2083, 314 315 317,
318 3]9 321
moelntoshi . . . . 287
mossambica 287
sanguinea 287, 288 307 315, 317,

Maruina

‘Melastoma cmdldum

Momordica charantia
Mugil

N

Nematonereis unicornis
Neoheegeria .

fumipennis
Neotelmatoscopus 283,
Nereis

Nophropslc.la,e .
Nephropsis .
o
Ophicephalus .
Ophryotrocha .
Oribata nilgiria .
tessellata
Orientalibombus .

Oxyrhynchaxius .

318

283, 284, 286

361
361
288

319
. 359
347

284 285 286
296 303 307

271, 278
. 277

288
301
372
371
3381
280, 281
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P
Paspalum . . 356
Pealius . . 344
tkalawi . . 344
Phytolacca octandra . . . 361
Phyllostegia grandiflora . 354
Polygonum chinense . . 349
Polytrias amaura . . . 356
Prosopistoma . . . 284
Pratobombus . . 332
Pseudecheneis . . . 284
Psephenus . . . 284
Psithyrus 331, 338, 339, 340, 341, 342
branicki . . 340, 342
chinensis . - 340, 342
T cornutus . . . 338,339
morawitzi . . 340, 342
+ novus . . . 340
rupestris . . 340, 342
suckleyi . . 340, 347
Psychodidae . . 286

R
Rana afghana . . . 285
Rubia cordifolia . . . 356
Rudbeckisa laciniata . . 361
Ruellia tuberosa . . 361
Rufipedibombus . . 332

S
“Sciaena . . . . 288
'Sesuvium portulacasturm . 365
:Setaleyrodes . . . 344
mirabilis . . . . 345
1 takahashia . . . 344
Sibiricobombus . . . 335
Sillago sihama . . . . 288
Solanum torvum . . . 356
Spilanthes acmella . . . 361
Streblus asper . . . . 34
Sycorax . . . 283, 284

T
Tagetes .
Terebella .
Tephrosia candida .
Thalassinidae . .
Thalassinidea .
Themeda arquens .
gigantea .
Therapon jarbua .
quadrilineatus
Tithonia tagetifolia .
Trialeurodes . .
T meggitti .
merlini .
Trybomiells 347, 3
U

Urocissa melanocephala oocipitalis

Vernonia cinerea .

Wedelia biflora . .

Xylaplothrips

Zygothrips . .
andhra . .
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277
278
356
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361
345
345
346
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361

347, 349

347, 366

365



NOTES ON LAMELLIBRANCHS IN THE INDIAN MUSEUM.

No. 8.—SPECIES OF THE GENUS PiIsipiuM FROM WESTERN TIBET,
YARKAND, PERSTIA AND SYRIA.

By B. Prasmap, D.Sc., F.A.S.B., F.RS.E., Superintendent, Zoologi~
cal Survey of India.

(Plate I.)

In his account of the Molluses of the Second Yarkand Mission
Nevill 1 included notes on four species of the genus Pisidium collected by
Dr. F. Stoliczka and his colleagues. ‘One of the species was identified
as P. obtusale Pfeiffer, while the other three, though given manuscript
names in the collection, were only referred to as new species in the
published results. These three species were later recorded under the
names Yarkandense, Bourguignatum and appressum by von Martens 2
with the remarks ““ Die Artnamen der 3 Pisidien aus Yarkand sind zwar
in der gedruckten Arbeit von Nevill nicht gennant, sondern mir nur
handschriftlich von demselben mitgetheilt werden ; ich glube aber doch
sie hier aufnehmen zu diirfen, da die Arten selbst in Nevill’s Werk in
derselben Reihenfolge so gut charackterisirt sind, als es in dieser Gattung
ohne Abbildung iiberhaupt geht, Arten ohne Namen aber in Literatur
unbequem sind und leicht wieder verloren gehen.” In rearranging the
Molluse collections in the Indian Museum I found these specimens and
discovered that the names of the species as printed by von Martens do
not in all cases agree with Nevill’'s manuscript names. Further Nevill’s
notes on the species do not really bring out the specific characters of the
species and his comparisons of the Yarkand forms with the previously
described species are faulty. I have, therefore, thought it desirable to
publish descriptions and figures of the four species collected by the
Yarkand Mission.

Sometimes back I received a few specimens of a Pisidium from Rev.
H. E. J. Biggs from Kerman, Persia, for identification. So far as I can
judge from the published descriptions and the named material in the
Indian Museum these specimens repre sent a new species, which is
described below under the name P. persicum.

Notes are also added on a species from Damascus, Syria, in the
collections of the Indian Museum.

In view of the greatly scattered literature on the species of the genus
Pisidium from the areas referred to above it will be useful to preface
my notes with a short review of the literature.

The first detailed account of the species from any of the areas under
discussion was the description of four new species from Turkestan pub-
lished by Clessin3 in an addendum to von Martens’ account of the

! Nevill, G.—Scientific Results of the Second Yarkand Mission, clc., Mollusca, pp. 12,
13 (Calcutta, 1878).
s 128‘7(2m Martens, E.— M¢m. Acad. Imper. Sci. St.-Petersbourg, (1) XXX, no. 11, pp. 50-
(1882).
3 Clessin, S.—In von Martens’ account of Mollusca in Fedtschenko Reise nach Turkes-
tan, pp. 36-38, pl. iii, figs. 31-34 (1874).
B
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mollusca of Fedtschenko’s collections. The four species described are
P. obliqguatum, P. acuminatum, P. sphaerviforme and P. turanicum.
These species were redescribed and figured in Clessin’s monograph ! in
the Conchylien Cabinet in the following year.

These accounts were followed by Nevill’s work, cited already, in
which, ir. addition to the three species from Yarkand, a species was
recorded under the name P. obtusale Pfeiffer from the Pangong Lake,
Western Tibet.- As noted already, von Martens in 1882 published the
manuscript names of Nevill for his new species from the Yarkand area;
these names were also mentioned by von Mollendorf 2 in his paper on
the Land Molluscs of Western China and Central Asia, and he was of
opinion that the shells from Kuko Nor in the collection before him were
probably to be referred to one of Nevill’s species.

In 1903 Clessin 3 in an appendix to Andreae’s paper on the collec-
tion of land and freshwater shells from Central and Eastern Asia made
by Futterer recorded P. amnicum (Miiller), and described six new species
P. supinoides, P. ovale, P. futterert, P. kukenurense, P. obliqguatum ¢ and
P. lateumbonatum from North-eastern Tibet and the Gobi Desert. The
descriptions of the various species are unfortunately very poor and none
of the species were figured. These species must, therefore, remain a
stumbling block in the way of any future work on the Pisidia of the
area.

In 1909 Preston 5 described a new species, P. stewart:, from Tibet,
and in the following year P. zugmayer: was described from the Pangong
Lake, Western Tibet, by Weber ¢ ; this latter species, as I am able to
confirm from an examination of Weber’s types and Nevill’s specimens,
is the same as that recorded as P. obtusale Pfeiffer in 1878.

Lindholm ? in the results of the Pamir Expedition of 1928 recorded
P. casertanum (Poli) from the Alai Mountain range.

Reference may also be included here to the record of P. cedrorum by
Germain ® from Syria ; references to earlier literature on this Syrian
species will be found in Germain’s work (see also further p. 8 ), but
it may be noted that this species was first described by Clessin (1875,
loc. cit., p. 42) from springs at Rhedan in Lebanon. Dautzenberg’s °
record of P. obliquatum Clessin is, as is shown later, to be referred to
P. cedrorum.

Pisidium zugmayeri Weber.

(Plate I, figs. 1, 2.)

1878. Pisidium obtusale, Nevill (nec Pfeiffer non Jenyns), Sci. Res. Second
Yarkand Mission, etc., Mollusca, p. 13.

1910. Pisidium (Fossarina) zugmayeri, Weber, Zool. Jahrb. (Syst., etc.), XXIX,
p. 310.

1 Clessin, S.—Martini-Chemnitz Conch. Cab. (n. f.), IX (8), Cycladeen, pp. 43-46,
pl. v, figs. 1-12 (1875). :
8 yon Mollendorf, C.—Ann. Mus. Zool. St.-Petersbourg, VI, p. 401 (1902).
3 Clessin, 8.—In K. Futterer Durch Asien, II1, Zoologie, pp. 81, 82 (Berlin, 1903).
¢ This species should not be confused with the species of the same name described
by Clessin in 1874 in Fedtschenko’s results from Turkestan.
& Preston, H. B.—Rec. Ind. Mus., III, pp. 115, 116 (1909).
8 Weber, A.—Zool. Jahrb. (Syst. etc.), XXIX, pp. 310, 311 (1910).
7 Lindholm, W.—Abhandl, Pamir- Expedition, 1928, Mollusca, p. 62 (1931).
8 Germain, L.—Moll. Terr. Fluv. de Syrie, 11, p. 89 (1622).
.% Dautzenberg, Ph.—Re». Biol. Nord France, VI, p. 354 (1894).
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A number of examples of a species of the genus Pisidium from the
Pangong Lake, Western Tibet, were recorded by Nevill under the name
P. obtusale Pfeiffer. I have examined the specimens and am of opinion
that they are conspecific with the species P. zugmayeri, which was de-
scribed by Weber from the same lake in 1910. This opinion is confirmed
by the fact that I was able to examine the types of Weber’s species
sometime back.

Weber’s description of the species is fairly detailed, but it may be
noted that his remark ““auch die Ecke beim Ubergang vom Oberrand
zum Hinterrand deutlich bemerkbar ist ’ does not apply to full-grown
specimens. I give a figure of the right valve of a full-grown specimen
and figure the hinge-teeth.

The measurements of a full-grown specimen are as follows :—

Length 3-8 mm., height 3-4 mm., thickness 2:4 mm.

The shell of the species is comparatively thick with well developed
concentric ridges and the hinge-teeth are very strongly developed.

Attention may also be directed to the fact that the locality of the
species as given under the species ““ lacum Walar in Kaschmir” is, as
I was informed by the late Dr. Alois Weber, incorrect; the correct
locality is Pangong Lake as given in the concluding remarks on p. 311.

Pisidium yarkandense, sp. nov.
(Plate I, figs. 3, 4.)

The shells of this species in the collection of the Indian Museum bear
the manuscript name P. yarkandense in Nevill’s handwriting, and the
species has also been referred to under this name by von Martens ; it
is No. 28 of Nevill’s list.

Nevill’s description of this species is very inadequate ; he compared
the species with P. pulchellum Jenyns and Baudon’s figures of P. obtusale
(Lam.) and P. limosum Gassies (=P. casertanum of Poli), but neither of
these comparisons are correct. I, therefore, give below a. detailed
description of the species and figire the right valve and the hinge-teeth.

Shell of small size, rather thin, almost transparent, of a shining light
brownish celour ; orbiculate-ovate ; not much swollen; regularly con-
centrically striate, some of the striae more strongly developed ; umbones
hardly prominent, slightly tumid, placed behind the middle, with very
minute striae; anterior and posterior dorsal slopes regularly arched,
anterior sloping much more rapidly ; anterior margin narrowly rounded ;
posterior margin rather broader, rounded ; ventral margin arched.

Hinge.—More than half the length of the shell, rather narrow but
projecting well inwards, strong, greatly arched with two well-marked
flexures in the right valve.

R. V. a. I.—More than } the length of the hinge-line, sharp, curving inwards and
upwards ; base moderately strong; apex distal to centre, hardly
prominent, distally directed, obtuse ; ridges slightly rounded, distal
sloping slightly, umbonal sharply but gradually and lying at a higher
level than the distal.

a. I111.—More than } the length of a. I., narrow, close to the shell-margin and
running almost parallel to it ; apex slightly distal to centre, hardly

marked, broadly rounded; ridges rather sharp, subequal, sloping
gradually.
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R. V. ¢. 3.—Slightly arched, not very thick or prominent, almost reaching the hinge-
margin ; part corresponding to b slightly swollen, a sharp, lamelli-
form.

p. I.—Slightly shorter than a. I., stout, not much curved inwards; base strong
but not much swollen ; apex slightly distal to centre, rather sharp,
obtuse ; ridges slightly rounded, umbonal somewhat shorter than
distal, latter slightly concave. ]

p. 111.—About } the Iength of p. 1., stout, arching up towards the shell-margin ;
apex hardly marked, somewhat obtuse; ridges not very sharp,
umbonal shorter than distal.

L. V. a. II.—About } the length of the hinge-line, strong, stout, almost straight;
base stout, swollen ; apex subcentral, prominent, sharp, acuminate,
directed upwards and inwards ; ridges somewhat angularly sloping,
distal more so than umbonal.

c. 2.—Moderately prominent, subsquarish ; apex directed upwards.
4.—Sharp, lamellar, slightly arched, projecting anteriorly over c. 2.

p. I1.—Somewhat smaller than a. II., strong, not so sharply pointed ; slightly
curved ; aper rounded, subcentral, pointing upwards and inwards ;
ridges rather sharp, distal more angulate than umbonal.

Ligament Pit about % the length of the umbo ; deep, with its ventral
margin markedly sloping.

g

Measurements (in millimetres).

Holotype. 2 3
Length 25 24 22
Height 2 2 1-8
Thickness 2 1-8 1-7

Holotype No. M. 2 in the collections of the Zoological Survey
of India (Indian Museum), Calcutta.

Locality—A number of specimens of this interesting species were
collected by Stoliczka and his colleagues at Yarkand.

Remarks.—In general appearance P. yarkandense bears a certain
resemblance to P. lilljeborgs Clessin, ! but the hinge is quite different.
The hinge-teeth are similar to those of P. mitchell Prashad 2 from
Manasbal Lake, Kashmir.

Pisidium appressum, Sp. nov.
(Plate I, figs. 5, 6.)

Pisidium appressum is No. 30 of Nevill’s list, and the unique shell
in the Indian Museum collection bears this name in Nevill’s hand-
writing.

Nevill compared the species with P. thermale Dupuy,® which as
Woodward (loc. cit., p. 32) has shown is synonymous with P. caser-
tanum (Poli). The species, however, as I have convinced myself by

1 Clessin, 8.—Malak. Blitt. (n. f.), VIII, p. 119 (1886) ; also see Woodward, B. B.—
Cat. Brit. Species Pisidium, pp. 111-116, pls. ii, fig. 8, iv, fig. 2, xxiii, figs. 2, 18, xxviii,
figs. 1, 9, 12, 13, 1726 (1913).

2 Prashad, B.—Rec. Ind. Mus., XXVIIT, pp. 419, 420, pls. vii, fig. 11 a, viii, fig. 10
(1925). '

 Dupuy, D.—Hist. Nal. Moll. France, p. 682, pl. xxx, fig. 6 (1852).
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comparison with European specimens of P. casertanum, is in no way
related to it. It may be described as follows :—

Shell of small size, subtrigonal-ovate, thin, fragile, with well-marked
thick, close-set striae all over ; umbones prominent, somewhat tumid,
placed well behind the middle; anterior and posterior dorsal slopes
regularly arched, anterior less so than posterior ; anterior margin more
compressed than posterior ; ventral margin regularly arched.

Hinge—About % the length of the shell, fairly broad, projecting,
with the teeth curving upwards, more so in the left than in the right
valve ; arched with two distinet flexures in the right valve.

R. V. a. I.More than % the length of the hinge-line, strong, curving inwards and
upwards ; base strong, somewhat swollen ; apex subcentral, obtuse ;
ridges slightly rounded, sloping about equally.

a. I[11.—More than } the length of a- I., strong, opposed to the shell-margin ;
apex central, pointed ; ridges sharp, equally sloping.

c. 3.—Arcuate, very thin, lamelliform; portion corresponding to 6 hardly
swollen ;: portion corresponding to @ running at a slight angle to
hinge-margin.

p. I.—Shorter than'but about as broad as a. I., strong, curving upwards;
base strong, markedly thickened; apex slightly distal to centre,
obtusely rounded ; ridges rather sharp, umbonal longer than distal
and sloping about equally.

p. I1I,—Much shorter than p. I., narrow, curved upwards; apex subcentral,
acutely pointed ; ri¢dges sharp, subequal and sloping sharply.

L. V. a. II.—More than } the length of the hinge-line, stout, strongly curving up-
wards ; base strong ; apex distal to centre, obtusely rounded; ridges
sharp, umbonal sloping suddenly and then running in almost a
straight line, less slanting than the distal.

¢. 2.—Prominent, obtusely triangular; apex directed outwards; base almost
merging into shell-margin.

c. 4.—Prominent, rather thick, lamellar, arising from near the shell-margin
and running to almost the margin of the hinge-plate.

p. 1I1.—About the same size and shape as a. I/.; apex more broadly rounded ;
distal ridge shorter than umbonal and more steep.

* Ligament Pitis less than half the length of the umbo. It arises
about the middle of the umbo and extends to less than half of the middle
of the hinge-plate.

The measurements of the holotype are :—

Length 2-8 mm., height 2-2 mm., thickness ca. 1 mm.

Holotype No. M. 1%58 in the collections of the Zoological Survey
of India (Indian Museum), Calcutta.

Locality.—The unique holotype was collected at Yarkand.

Remarks.—P. appressum is allied to P. yarkandense described above,
but the shells are more elongate, not so ovate and with the umbones
more prominent ; the hinge is markedly different.

Pisidium stoliczkanum, sp. nov.
(Plate I, figs. 7, 8.)

This species is referred under the manuscript name Bourguignatum in
von Martens’ list, but bears the name stoliczkanum in the Indian Museum
collection. In memory of Dr. F Stoliczka, the leader of the Second
Yarkand Expedition, I propose associating this species with his name ;
it is No. 29 of Nevill’s list.
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Shell of small size, subcircular to ovate, subequilateral, somewhat
tumid, thin; of a light brownish or horny colour ; striae fine, strong,
concentric ; umbones slightly swollen, prominent, subcentral ; dorsal
margins sloping almost equally ; ventral margin greatly arcuate ; rounded
anteriorly and posteriorly.

Hinge.—About 2 the length of the shell, rather narrow and not
greatly projecting, moderately arched, much more so in the right than
in the left valve.

R. V. a. I.—More than } the length of the hinge-line, moderately strong and thick,
curving inwards; apexr prominent, centrally situated, anteriorly
directed, obtuse ; ridges rounded, distal somewhat more sloping than
umbonal.

a. I11.—More than % the length of a. I., narrow, opposed to shell-margin and
running almost parallel to it ; apex subcentral, somewhat pointed ;
ridges sharp, subequal.

¢. 3.—Somewhat arched, comma-shaped, lower part corresponding to b not
much swollen.

p. I.—Longer than a. I., stronger and stouter; base strong but not much
swollen ; apexr proximal to centre, obtusely rounded; ridges not
very sharp, distal longer than umbonal and more sloping.

p. I11.—Shorter than a. I11., feeble, sharply pointed ; apexr distal to centre,
pointed ; ridges sharp, umbonal slightly longer than distal.

L. V. a. II1.—Longer than a. 7., fairly strong, stout, greatly curved ; base very stout,
thickened ; aper proximal tc centre, sharp; ridges moderately
sharp, umbonal shorter and not so arched as distal.

¢. 2.—Subquadrate, slightly arched, its upper margin lying almost parallel
to c. 4.

¢. 4—Lamellar, a little more than } the length of c. 2.

p. II.—A little shorter than a. Il., and not so strongly developed; base
moderately swollen; apex distal to centre, pointed ; ridges sharp,
umbonal greatly arched, distal sloping suddenly to base and running
almost parallel to it.

Ligament Pit about 3 the length of the umbo; deep, with its
ventral margin sloping.

Measurements (¢en millimetres).

Holotype. 2 3
Length . 23 22 2
Height 2 19 17
Thickness 15 156 13

Holotype No. M. =2 in the collections of the Zoologival Survey

of India (Indian Museum), Calcutta.

Locality.—About a dozen examples of this species were collected at
Yarkand.

Remarks.—C. stoliczkanum is allied to C. yarkandense described above,
but the shell is more equilateral and more tumid, the umbones more
prominent and centrally situated, and the hinge is more strongly
developed.

Pisidium persicum, sp. nov.

(Plate I, figs. 9, 10.)

So far as I can find from the literature on the subject no species
of the genus Pisidium has so far been recorded from Persia—noneis
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mentioned by Issel,! Mousson,2 von Martens 2 or Clessin.® In the old
collections of the Indian Museum there are a few shells from Shiraz
labelled Pisidium sp. nov., labelled by the talented curator of the Mollusc
collection, Mr. G. Nevill, while I recently reccived from Rev. I. E. J.
Biggs some shells of the same species collected at Kerman.

This new species may be described as follows :—-

Species of a moderate size, elongate-ovate, subrostrate anteriorly,
subrotundate posteriorly, moderately ventricose, thick-shelled ; ante-
rior dorsal slope more sloping than posterior ; regularly concentrically
striate, some of the striae more strongly developed ; umbones hardly
prominent, situated behind the middle ; ventral margin regularly arched ;
of a horny colour.

Hinge.—Almost £ the length of the shell, strong, projecting well
inwards, moderately arched with two distinct flexures in the right
valve.

R. V. a. I.—Less than } the length of the hinge-line, very strong, inclined inwards ;
base very strong, thick; apex subcentral, prominent, obtusely
rounded, pointing backwards and upwards; ridges rounded, distal
steep, umbonal slightly arched and descending to a lower level than
the distal.

a. 111.—More than } the length of a. I., straight, narrow, erect, lying parallel
to hinge-margin ; apex central, pointed, prominent ; ridges somewhat
sharp, sloping about equally.

c. 3.—Prominent, arcuate, inverted comma-shaped; part corresponding to b
greatly swollen, a thin, curving diagonally across the hinge-plate.

p. I.—Shorter than a. I., strong, compressed ; base thickened, almost straight ;
apex distal to centre, slightly marked, obtuse; 7idges rounded,
sloping steeply, distal more so than umbonal.

p. 111.—Slightly shorter than p. I., straight, erect ; apex distal to centre, hardly
marked: ridges compressed, distal sloping more steeply than umbonal,

L. V. a. II.—Slightly longer than a. I., narrow, greatly curved in its umbonal end ;
base strong, more swollen than that of a. I., aper distal of centre,
projecting upwards, sharp, acuminate ; ridges rather sharp, umbonal
sloping gradually at first and then suddenly curving upwards to the
umbo, distal very steep.

c. 2.—Prominent, arcuate, with the outer limb running diagonally across
hinge-plate.
c. 4—Sharp, lamelliform, running at an angle to the outer limb of ¢. 2.

p. II.—About % the length of a. I1., narrow, strong ; base strong, but not so
thickened as of a. I1.; apex near distal end, sharp, acuminate ; ridges
sharp, umbonal longer and descending more steeply than distal.

Ligament Pit.—It starts from about the middle of the umbo and
extends ta a little behind its posterior limit.

The measurements of the holotype are :—

Length 52 mm., height 4-1 mm., thickness 3-2 mm.

Holotype No. M. 22 in the collections of the Zoological Survey

of India (Indian Museum), Calcutta.

1 Issel, A.—Die Moll. della missione Italiana in Persia (Turin, 1865).

2 Mousson, A.—Journ. Conchyliol., XXII, pp. 1-60 (1874).

3 yvon Martens, E.—Ueber vorderasiatische Conchylien, p. 69 (Cassel, 1874).

4 Clessin, S.—Martini-Chemnitz Conch. Cab. (n. f.), I1X (3), Cycladeen, pp. 1.74
(1874-77).
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Locality.—A number of specimens from Shiraz, Persia, were found
amongst the old collections of the Indian Museum, while a few young
shells were, as noted above, recently received from Kerman.

Remarks.-——P. persicum appears to be allied to P. casertanum (Poli),
but the form, texture and sculpture are different. The hinge of the
two species also differs materially.

Pisidium cedrorum, Clessin.

1875. Pisidium cedrorum, Clessin, Martini-Chemn. Conch. Cab. (n. f.), IX (3),
Cycladeen, p. 42, pl. iv, figs. 22, 23.

1922. Pisidium (Fossarina) cedrorum, Germain, Moll. Terr. Fluv. de Syrie,
11, p. 89.

In view of the fairly detailed descriptions of this species by Clessin
and Germain it is not necessary to redescribe the species, I, however,
for comparison figure the right valve and the hinge of the species.

Attention may also be directed to the fact that Germain in his account
has confused the anterior and posterior sides of the valves for he says
‘“ région antérieure courte, tronquée, region postérieure allongée, deux
fois aussi développée que I’antérieure.”

Pisidium cedrorum, Clessin.
a, right valve of a specimen from Damascus, Syria ; b, hinge-teeth of the two valves.

I have also little doubt that the species recorded as Pisidium
(Fossarina) obliqguatum Clessin by Dautzenberg ! from various localities
in the same area is probably P. cedrorum.

In the Indian Museum this species is represented by a number of
specimens from Damascus.

1 Dautzenberg, Ph.—Rev. Biol. Nord. France, VI, p. 354 (1894).
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EXPLANATION OF PLATE I.

Pisidium zugmayori Weber.

1.—Right valve of a full-grown specimen from the Pangong Lake,
Western Tibet.
2..—Hinge-teeth of the two valves.

Pis:dium yarkandense, sp. nov.
3.—Right valve of the holotype from Yarkand.
4.—Hinge-teeth of the two valves.

Pisidium appressum, Sp. nov.
5.—Right valve of the holotype from Yarkand.
6.—Hinge-teeth of the two valves.

Pisidium stoliczkanum, sp. nov.
7.—Right valve of the holotype from Yarkand.
8.—Hinge-teeth of the two valves.

Pisidium persicum, sp. nov.

Fig. 9.—Right valve of the holotype from Shiraz, Persia.
Fre. 10.—Hinge-teeth of the two valves.
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REMARKS ON SOME OLD WORLD GECKOES.
By MavLcoLm A, SMITH.

In reviewing the Oriental Gekkonidae for the forthcoming Volume
on the Lizards in the Fauna of British India series, it has been found
necessary to make certain changes in taxonomy and nomenclature with
regard to the Family. To have included all the changes in that Volume
would have been out of place, for some of the genera and species concerned
do not occur in the area covered by that work. In the present article
certain structural characters which concern the family as a whole are
considered, the status of four genera and of the Uroplatidae are discussed,
and two species from the Indian Empire are described as new. The
text-figures are by Miss Joyce Townend.

The post-anal bones and sacs.

These structures, which appear to be peculiar to the Gekkonidae,
bave so far escaped the notice of anatomists. Noble mentioned the bones
briefly in 1921, but I can find nothing in the literature concerning the
sacs. Most of the Geckoes, under which I include the Eublepharidae
and Uroplatidae, possess them.

They are paired structures, lying one on each side of the base of the
tail just behind the vent. The sac is present in both sexes, but the bone
only in the male ; in those species in which the sac is absent, the bone
also is absent. The bone is short, and curved or angular in shape ;
it lies free just under the skin. It can be easily recognised without
dissection, by inserting the point of a needle into the opening of the sac
and lifting the bone upwards. The opening of the sac lies within the
curve of the bone ; it varies from an elongated and conspicuous slit, to
a minute a,perture hardly visible to the naked eye. Its position with
regard to the vent is variable ; in some species it is closer to that opening

Texr-ri6. 1.—Gymnodactylus pulchellus. Post-anal bones and sacs. p.penis; p. a. .
post-anal bone ; p. a. s. opening of post-anal sac ; The outline of the sac itself is shewn
as a dotted line.

[ 91 c
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than in others. The sac itself runs backwards and outwards; 1t is
loosely attached to the surrounding tissues, and in life, in large species,
can be partly evaginated. It is larger in the male than in the female.

Mr. M. A. C. Hinton junr. has kindly made microscopic sections of
the sac wall for me and glandular cells are certainly present. At the
same time I have so far failed to discover any secretion ig the sac, although
I have examined many individuals both in the living state—in captivity
—and preserved. Possibly the secretion is periodic, occurring only
during the mating season. The attention of naturalists in India 1s
directed to this point.

The above description of the bones and sacs is as I have found them
in all the Oriental Geckoes. Some of the material used has been stained
by the Alazarin method, and in that case the whole skeleton could be very
completely examined. For the rest I have relied upon dissection and
the information gained is therefore not so exact. A complete series of
stained specimens may shew that the shape of the post-anal bones is
not always as stated, for they are variable, at any rate in Geckoes outside
the Oriental Region. The American Coleonyx variegatus has two post-
anal bones on each side, the outer one projecting through the skin (Noble
1921) ; the same author states that in the African Pachydactylus macu-
latus *“ in addition to a broad fenestrated median bone lying transversely
across the anterior lip of the cloaca, there is a pair of irregularly shaped
bones posterior to either corner of the cloacal slit”” 1 have failed to
find this median bone in the one stained specimen of this species in the
British Museum collection, and its post-anal bones are angular, as in
some of the Oriental Geckoes, and not irregularly shaped as he states.

Post-anal bones and sacs are present in all the Indian and Indo-
Chinese Geckoes, except Pristurus. They are not present in any member
of the genus Pristurus. On the other hand they are present in all the
species of Phyllodactylus in the British Museum collection except P.
riebeckis from Socotra and P. elisae from Persia ; they are present in all
the Old World species of Gonatodes (as Boulenger recognized the genus),
but absent in all. the New World species.

Genus Cnemaspis.

The Gonatodes of Boulenger had a wide distribution over the Oriental
Region, Africa and tropical America. In external characters all the
species agreed well, but as shewn by Noble (1921) there are considerable
skeletal differences between the American Gonatodes (genotype albogularis
from the West Indies) and Gonatodes dickersoni Schmidt from Africa ;
he therefore erected a new genus, Paragonatodes, for the African species
My examination of the Oriental forms shews that they agree in the
majority of their characters with Paragonatodes. Noble’s examination
of the African species (3 in number) was limited to G. dickersoni, and
I have made a partial examination of @. africanust. Of the Indian
species I have examined @. indicus*, G. mysorensis*, G. ornatust, G.
sisparensist and @. beddomeit (=marmoratus) ; of the Indo-Chinese and
Malayan, G. kendallit, G. nigridius*, G. affinist, G. siamensis* and
G. boulengeri* (=Gonatodes glaucus Smith). Those marked with an
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asterisk are stained specimens, those with a cross have had the pectoral
girdle only dissected.

The characters stressed by Noble as distinguishing his Paragonatodes
from the American Gonatodes, are as follows :—

Gonatodes Paragonatodes
1. Clavicle slightly dilated, not per- 1. Clavicle slightly dilated, not per-
forated. forated.
2. Interclavicle cruciform. 2. Interclavicle dagger-shaped.
3. Four sternal ribs. 3. Three sternal ribs.
4. No hypo-ischium. 4. A hypo-ischium.
5. No post-anal bones. 5. Post-anal bones.
6. Two pairs of basi-branchials. 6. One pair of basi-branchials.

As regards 4, 5 and 6 the Oriental forms agree with Paragonatodes.
They have a well-developed hypo-ischium, post-anal bones and sacs, and
a reduced hyoid apparatus, there being only one pair of basi-branchials.
Four sternal ribs are present in all the Oriental species, as well as in

TEXT-FIG. 2.—Cnemaspis mysorensis. Sternal apparatus..
cl. clavicle ; in. cl. interclavicle ; cor. coracoid ; sf. sternum ; st. 7. sternal ribs,

Gonatodes africanus. The interclavicle is well developed and cruciform
in the Oriental forms, but much reduced and with only very small trans-
verse arms in africanus, in which respect it agrees with dickerson:. In
africanus the whole of the sternal apparatus appears to be poorly ossified

The greatest variation in form is in the clavicle. In the Indian
mysorensis, indicus and beddomes it is dilated and thinned but not per-
forated as figured in mysorensis (text-fig. 2) ; in the Indo-Chinese and
Malayan species and in the Indian ornatus and sisparensis it is dilated,
thinned and perforated as figured in boulenger: (text-fig. 3). The per-
foration of the clavicle is but the final stage in the thinning process of
the bone, and it may vary in size in different species from a small hole
to a comparatively large opening. It cannot therefore be regarded as
having any phylogenetic significance.

My observations then confirm Noble’s view that the American specics
of Gonatodes are generically distinct from the Oriental. All the Old
World species appear to be sufficiently nearly related to one another
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to be regarded as congeneric, and for them Cnemaspis Strauch 1896,
type boulengert, from Pulo Condor off the coast of Cochin-China, is avail-

TEXT-F16. 3.—Cnemaspis boulengeri. cl. clavicle ; cor. coracoid ; in. cl. interclavicle ;st.
sternum ; 8f. 7. sternal ribs.

TEXT-F16. 4.—Cnemaspis mysorensis. b. b. 4. basi-branchial 1 ; b. hy. body of hyoid ; ky. ar.
hyoid arch ; I. p. lingunal process.

.able. Strauch recognised the affinities of his species with Gonatodes
but considered that its enlarged post-tibial scales were sufficient to merit
generic distinction. I am not of that opinion.

Genera Gehyra and Hoplodactylus,

The actual specimens which Gray had before him when he framed his
genus Gehyra, type pacifica, cannot now be traced and the combination—
Gehyra specifica—does not occur again in literature. He mentions three
specimens, and presumably they belonged to two genera, for in revising
his genus in 1842 he made Gecko oceanicus Lesson 1830, the type of
Gehyra and gave the name pacificus to a new genus which he called



1933.] MarcoLM A. SwmitH : Old World Geckoes. 13

Naultinus. This conclusion was confirmed in 1845 and a specimen of
Gehyra oceanica (Lesson) is mentioned as being in the British Museum.
That specimen also cannot now be traced. Whether he recognized
in 1842 that his Gehyra pacifica was identical with Gecko oceanicus but
omitted to include it in the synonymy we do not know, but it is
significant that both his pacifice and his specimen of oceanica are from
the same locality, namely ‘‘Islands of the Pacific’> His original
description of the genus ‘ Digiti 5-5, ad basin dilati, serie unica
squamarum transversalium integrarum tecti, ad apicem compressi,
liberi, omnes (praeter pollices) unguiculati’’ as well as his confirmation
of it in 1842, are quite in agreement with the Gekyra of Boulenger or
Peropus of later authors, and Gehyra 1834, type pacifica =oceanica,
therefore, is the correct name for the genus and not Peropus Wiegmann
which did not appear until 1835. The only point that remains to be
considered is the place of the unidentifiable G. pacifica in literature.
On the argument put forward it would be correct to include it in the
synonymy of oceanica.

The synonymies of Gehyra, Naultinus (which Gray also confused with
Hoplodactylus) and Hoplodactylus will now stand as follows :—

Genus Gehyra.

Gehyra (in part) Gray, Proc. Zool. Soc. 1834, p. 100, and Zool Misc.
1842, p. b7 (type pacifica=oceanica).

Genus Naultinus.

Naultinus (in part) Gray, Zool. Misc. 1842, pp. 58 and 72, and Cat.
Liz. Brit. Mus. 1845, p. 169 (type by elimination elegans).

Genus Hoplodactylus.

Hoplodactylus Fitzinger, Syst. Rept. 1843, pp. 19 and 100 (type
Platydactylus duvauceliz D. & B.).

Gehyra 1834 is in part Gehyra and in part Naultinus, whereas Naultinus
1842 is in part Naultinus and in part Hoplodactylus.

Hoplodactylus, as recognized by Boulenger (Cat. Liz. Brit. Mus. I,
1885, p. 171) contained five species. Three of these were said to inhabit
New Zealand, one India, and the fifth, namely H. duvauceliz, which was
stated to have come from Bengal, but which has never since been found
in any part of India, now turns out to be very closely allied to, if not
a race of, one of the New Zealand forms. I have recently compared a
specimen of H. pacificus with the types and only known specimens
of duvaucelii and except for a difference in size, and the number of
subdigital lamellae the two are identical. The largest specimen (Q) of
pacificus in the British Museum collection measures 70 mm. from
snout to vent, the largest example of duvauceliz 120 mm. There can
be little doubt that the types of duwauceliz did not come from India,
and that some error must have occurred in the labelling of the specimens.
This places the genus Hoplodactylus in a more satisfactory position, for
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the faunas of New Zealand and India have nothing in common with one
another. The true Hoplodactylus is confined to New Zealand, and the
one Indian species, which can be distinguished from it by several small
but distinct characters, should be placed in a separate genus. I propose
for it Dravidogecko, gen. nov., monotype Gecko annamallensis Giinther.
The similarity. which the two genera bear to one another in external
characters is due no doubt to parallel evolution and not to phylogenetic
relationship. The material available does not permit me to examine the
internal structure of Dravidogecko.

The following characters will serve to distinguish the two :—

Free terminal phalanges rising from the end of the
expanded portion of the digit; inner digit with a
minute claw, or the claw concealed ; male pores in
‘multiple series . Hoplodactylus.

Free terminal phalanges rising fromt within the
expanded portion of the digit; inner digit with
distinct claw ; male pores in single series Dravidogecko.
Boulenger’s Key for the species of Hoplodactylus unfortunately breaks
down when a large number of specimens are examined ; the four forms
however can be readily distinguished from one another if attention is
paid to the following characters :—

A. 10 to 14 lamellae (the posterior usually divided)
beneath the free terminal phalanges of the

outer 4 digits.
Ten to 12 curved lamellae beneath the dilated por-

tion of the digit ) pacificus.
Sixteen to 18 curved lamellae beneath the dilated

portion of the digit duvauceliz.
Lamellae beneath the dilated portion of the digit

straight, transverse . granulatus,

B. 4 to 6 lamellae beneath the terminal phalanges of
outer 4 digits, which are not more than half the
length of the dilated portion.

Lamellae beneath the dilated portion of the digit
curved . . maculatus.

Colour pattern and the number of pores in the male vary greatly
in different individuals. In two specimens of maculatus in the same bottle

TEXT-F16. 5.—Hoplodactylus granulatus and H. maculatus. Fourth toes.

in the British Museum collection there are 39 pores in one example, 102
in the other. Lucas and Frost state that duvaucelss has no pores, but this

is not so.
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The synonymy of the species will run as follows :—

1. Hoplodactylus pacificus.

Naultinus pacificus, Gray, Zool. Misc. 1842, pp. 58 and 72 and in Diffenbach’s
Travels in New Zealand, 1843, p. 203 ; id., Cat. Liz. Brit. Mus. 1845, p. 169
(in part).—Hoplodactylus pacificus, Boulenger, Cat. Liz. Brit. Mus. I, 1885,
p- 173 ; Lucas and Frost, Tr. N. Zealand Inst., XXIX, 1897, p. 264.

2. Hoplodactylus duvaucelis.

Platydactylus duvaucelic Dum. and Bib. Erp. Gen. I1I, 1836, p. 312 (type loc.
‘“ Bengal ”’; Mus. Nat. Hist. Paris).—Hoplodactylus duvaucelii, Boulenger,
Cat. Liz. Brit. Mus., p. 172.

[¥X)

. Heplodactylus granulatus.

Naultinus granulatus Gray, Cat. Liz. Brit. Mus., 1845, p. 273 (type loc. New
Zealand ; Brit. Mus.).—Hoplodactylus granulatus, Boulenger, Cat. Liz. Brit.
Mus., 1885, p. 174; Lucas and Frost, Tr. New Zealand Inst., XXIX, 1897,
p- 264.

4. Hoplodactylus maculatus.

Naultinus pacificus (N. maculatus) Gray, Cat. Liz. Brit. Mus., 1845, p. 273 (type
loc. New Zealand ; Brit. Mus.).—Hoplodactylus maculatus, Boulenger, Cat. Liz.
Brit. Mus., I, 1885, p. 171 ; Lucas and Frost, Tr. N. Zealand Inst., XXIX,
1897, p. 264.—Naultinus pacificus (N. brevidactylus)* Gray, L. c. s., p. 273.

The genus is definitely known from New Zealand. The old collec-
tions of the British Museum and Paris contain specimens of H. pacificus
from Tasmania and of H. maculatus trom Tasmania and the Marquesas
Is. Asfaras I am aware they have not been since met with in those
localities.

Genus Hemiphyllodactylus.

Bleeker’s Hemiphyllodactylus, 1860, appears to have given rise to
considerable confusion in the past. Boulenger in his Catalogue, 1885,
limited it to a single species (under Spathoscalabotes), overlooking the
fact that three of the species included by him in that work under Lepido-
dactylus, namely ceylonensis, aurantiacus and crepuscularis had the
generic characters of Hemiphyllodactylus, the chief of which is the vestigial
first digit. This was put right by Stejneger in 1899. Later Boulenger
described under Gekyra, two species, namely larutensts, 1900, and yun-
nanensts, 1903, that again have the digital characters of Hemiphylio-
dactylus. The latter was made by Barbour in 1924 the type of a new
genus, namely, Cainodactylus. 1 cannot help thinking that he overlooked
Hemiphyllodactylus at the time, for I can find nothing in his description,
or in the species, the types of which are in the British Museum, to separate
it from that genus. Hemiphyllodactylus and Gekyra are no doubt very
closely allied, and both are possibly derived from Hemidactylus by
gradual reduction of the first digit. Whether their retention as three
separate genera represents their true phylogeny is doubtful. Lepido-
dactylus on the other hand appears more closely allied to Gekko.

The genus Hemiphyllodactylus may be defined as follows :—

Digits free, subcylindrical at the base, the penultimate joint bearing
a strong expansion furnished beneath with lamellae, which are more or
less divided in two by a median fissure ; terminal phalanges of outer four
digits short, compressed, clawed, free, rising angularly from within the

1 These specimens cannot now be traced.
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expansion ; inner digit vestigial, without free distal phalanx, sometimes
with a minute claw. Dorsal scales small, granular. Pupil vertical.
Males with preanal and femoral pores.

Range. Ceylon and southern India; Indo-China ; the East Indies
and Islands of Oceania. It contains the following species :—

1. Hemiphyllodactylus typus, Bleeker, 1860.
Platydactylus crepuscularis Bavay, 1869.
Spathodactylus mutilatus Gunther, 1872.
Lepidodactylus ceylonensis Boulenger, 1885.
Hemiphyllodactylus leucostictus Stejneger, 1899.
Hemzphyllodactylus insularis Taylor, 1918.
Hemiphyllodactylus margarethae Brongersma, 1931.

2. Hemiphyllodactylus yunnanersts.

Gehyra yunnanensis Boulenger, 1903.—Cainodactylus yunnanensis Barbour,
1924.

Hemiphyllodactylus hartertu.
Lepidodactylus harterti Werner, Zool. Anz. Leipzig, April, 1900.
Gehyra larutensis Boulenger, Ann. Mag. Nat. Hist. August, 1900.

Through the kindness of Dr. Ernst Ahl, Keeper of Reptiles in the
Zoological Museum, Berlin, I have recently been able to examine the
type and only known specimen of L. harterti, and can confirm Boulenger’s
suspicion (1912) that it is identical with his larutensis. The name
harterti has priority over larutensis by four months.

It is satisfactory to find that Dr. L. D. Brongersma (1931), working
independently, has reached the same conclusions with regard to Hems-
phyllodactylus typus as I have.

The Eublepharidae and Uroplatidae.

It is usual now to regard the Eublepharidae as of polyphyletic origin,
as an assemblage of genera that have developed independently, but along
similar lines, from the true Geckoes, in different parts of the world.
Boulenger separated them from the Gekkonidae for having procoelous
vertebrae, co-ossified parietals and moveable eye-lids, but recent work has
shewn that there are exceptions to this definition. The American
Sphaerodactylus is a Geckonid with procoelous vertebrae ; paired parietals
have been found in two species of Eublepharid (Noble, 1921). His
statement, however, that the Indo-Chinese Phyllodactylus siamensis
has fused parietals is not borne out by three specimens examined by me
in the British Museum collection. The Malayan Aeluroscalabotes is a
Geckonid with connivent eye-lids, and no doubt other exceptions to
those mentioned will be found when the internal structure of more of
the Geckoes is known.

The Uroplatidae differ from the true Geckonids and the Eublepharids
in having cylindrical clavicles and a reduced interclavicle. The inter-
clavicle however is not more reduced in them than it is in the two African
species of Cnemaspis previously mentioned, while the difference between
a cylindrical clavicle which is larger at its sternal end, and the clavicle
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as it is found in some species of Gonatodes and Cremaspis is not great.
In other respects Uroplates, the only genus in the Family, is a typical
Geckonid and should be regarded as a member of the Gekkonidae. Moc-
quard came to this conclusion in 1909 (Nouv. Arch. Mus. Paris). Angel,
on the other hand, has discussed the genus more recently (Mem. Acad.
Malg. 1929, fasc. IX) and has regarded the genus as a subfamily of the

Gekkonidae.

The following species are described as new to science.

Agamura femoralis, sp. nov.

Head somewhat depressed, about twice as long as broad; snout
longer than the distance between the eye and the ear-opening, the dia-
meter of which is less than half that of the eye ; eye moderate, with well-
developed upper eye-lid. Rostral pentagonal, as broad as high ; nostril
between the first labial and three rather swollen nasals ; 12 upper and
11 lower labials ; mental considerably longer than the adjacent labials,
pointed behind ; a pair of well-developed post-mentals with a smaller
pair outside ; gular region with small flat granules.

Head covered above with small rounded scales, largest on the snout,
intermixed posteriorly with larger tubercles. Body depressed, back with
small, rather irregular scales intermixed with numerous larger rounded
keeled tubercles ; belly with flat, rounded, feebly imbricate scales. Limbs
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TexT-F16. 6.—Agamura femoralis, From the type.

shorter than in persica, the hind limb reaching only to the neck ; a series
of much enlarged scales along the under surface of each thigh. Tail
cylindrical, becoming suddenly smaller after the basal part but not so
markedly as in persica, tapering to a point, segmented, with small scales
above, four or five in longitudinal series to each segment, below with
larger irregular scales, usually three to each segment. Male with 6

D
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preanal pores in a transverse series and a series of greatly enlarged
femoral scales.

TEXT-FIG. T.—Agamura femoralis, Ventral view of the Chin. x 3.

Greyish above with indistinct darker cross-bands upon the back and
tail ; whitish below.

Head and body 50, tail 55 mm.

The type and only known specimen (B. M. coll. 1912, 3-26-12) was
collected by Capt. C. Daukes at Kharan in Baluchistan in 1912. It
differs from the only other known species in the genus in having enlarged
femoral scales, well-developed postmentals and a pointed tail.

Stencdactylus maynardi, Sp. nov.

Stenodactylus orientalis (not of Blanf.) Alcock and Finn, J. Asiat. Soc. Bengal,
LXYV, 1896, p. 554.

Types male and female (Brit. Mus. 1931, 6-14-1, and Ind. Mus., no.
13944).

Head moderate, depressed ; snout longer than the distance between
the eye and the ear-opening, the diameter of which is half that of the eye.
Nostril between the rostral, first labial, and three or four smaller shields ;
rostral quadrangular ; 13-15 upper and 12-13 lower labials ; mental much
larger than the adjacent labials, its curved posterior margin projecting
well beyond them ; no post-mentals. Head covered above with small,
granular scales, largest upon the snout. Body depressed, the back
covered with small granular scales, intermixed with numerous larger
keeled tubercles ; belly with small, rounded, keeled scales. Limbs above
with subimbricate, keeled scales ; the hinder one reaches to the axilla.
Toes long, with well-marked lateral denticulations, the transverse lamel-
lac with several keels. Tail with rows of small, keeled scales. Male with
9 very distinct preanal pores transversely arranged ; female with 9
enlarged pitted scales.

The specimens, which are now somewhat faded, are of a light yellowish-
brown colour above with four longitudinal dark brown streaks, the two
lateral ones being distinct and unbroken, the two median ones broken
up into a series of spots. Dr, Maynard states of their colours in life :
¢ three irregular yellow longitudinal bands, with brownish-black stripes
intervening from top of head to tail ; under surface of body and limbs
.delicate pinkish.”

Head and body, 345, £50, tail, 370, 276 mm.

The types and only known specimens were collected by Dr. Maynard
in Baluchistan near the Afghan frontier.
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DESCRIPTIONS OF TWO NEW GYRINIDAE FROM INDIA.

By Georce Ocus, Frankfurt a. Main.

Orectochilus horni, sp. nov.

Long. 6-6'5 mm. Oblongo-ovatus, postice ab humeros leviter
attenuatus, parum convexus. Supra nigro-piceus vel castaneous, ad
latera aureo-tomentosus, flavo-marginatus. Infra piceus, segmento
anali epipleuris pedibusque rufis. Labro brevissimo transversali,
pronoto utrinque sat late, multo latius antice, punctato-tomentoso.
Margine tomentoso in elytris eadem latitudine continuato, postice
dilatato, flexuose suturam ante apicem attingente. Spatio laevi cordi-
formi, postea acuminato, in @ paulo latiore. Reticulatione in regionibus
glabris parum impressa, areolis leviter transversis, punctatura in pronoto
et elytris indistincta. Truncatura paululum obliqua, extus subsinuata,
angulo suturali fere recto minime deleto, externo subprominulo. Tibiis
anticis in @ late triangularibus, fortiter intus dilatatis, angulo apicali
externo recto; in Q@ minus latis, angulo apicali externo rotundato.
Tarsis anterioribus in 3 valde dilatatis, ovatis, antice parum attenuatis.

Habitat . Eastern Himalayas, Pedong (A. Desgodens).

Type 3 in the collection of the Deutsches Entomologisches Institut,
Berlin Dahlem, paratype in my collection. Further specimens were
seen from Kurseong (R. P. Bretaudeau), Kurseong 5,000 ft., 7-11th
March 1924 (Dr. B. N. Chopra), Ghumti 1,500—4,000 ft., June 1914
(Lord Carmichael’s Coll.).

Named in honour of Dr. Walter Horn of the Deutsches Entomolo-
gisches Institut, in recognition of many favours and helpful assistance.

This species, which has certainly passed through the hands of
Régimbart and Zimmermann, was overlooked owing to its strong resem-
blance to O. oblongiusculus and O. figuratus. In the shape of the smooth
portion of the elytra it is almost intermediate between the two species
mentioned above, and it was probably this which led Régimbart to
combine these two species into one ; in his earlier work he had rightly
considered the two as distinct species (¢f. Zimmermann 1917, Eni.
Mitesl. VI, pp. 166, 167). O. hornt is readily distinguished from either
of the two species mentioned above by the microsculpture of the smooth
portion of the elytra. In the new species there is a superficially im-
pressed reticulation of slightly transverse meshes with traces of a few
scattered minute punctures, while in the other two species the micro-
sculpture is more strongly impressed, with round meshes and strong
punctures in O. oblongiusculus, more transverse meshes and no punctures
in O. figuratus. As stated above, the shape of the smooth portion of the
elytra in O. horns is intermediate, its outline is more flexuous posteriorly
than in O. oblongiusculus and more acuminate than in O. figuratus,
especially in the females. The aedagus of O. horni is subparallel, about
as wide and nearly as long as the lateral lobes and acuminate at the
apex. In O. figuratus the shape of the aedagus is very similar, but it

[ 21 ] E
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is a little more slender and in lateral view its apex appears strongly
curved, in the form of a hook. In O. oblongiusculus the aedagus is shorter
than the lateral lobes, slightly constricted at about two-thirds of its
length and with a narrowly rounded tip ; the longitudinal furrow, which
almost reaches the apex and has a different facies in the other two species
is much shorter in O. oblongiusculus. Small differences are also notice-
able in the aedagi of O. oblongiusculus from the Eastern Himalayas
(oblongiusculus, s. s.), the Western Himalayas (subsp. parker:), Burma
(subsp. feai) and Tonkin, but the shape is generally of the same type,
and there can be little doubt that the minor distinguishing characters of
these forms can only be considered as being of racial or subspecific
value.

Orectochilus alienus, sp. nov.

Long. 6-7 mm. Ovatus, sat latus, postice ab humeros attenuatus,
parum convexus. Supra nigro-piceus vel castaneus, leviter aenescens,
ad latera aureo-tomentosus, flavo-marginatus. Infra piceus, segmento
apali epipleuris pedibusque rufis. Labro brevissimo, transversali.
Margine tomentoso in pronoto lato, antice latiore ; in elytris continuato,
postice dilatato et suturam ante apicem attingente. Spatio laevi sub-
cordiformi, lateribus fere rectilinearibus, parum constrictis. Reticula-
tione in regionibus glabris fortius in capite (areolis rotundatis), levius in
pronoto et elytris (areolis transversis) impressa, undique punctatura
remota. Truncatura paululum obliqua, angulo suturali fere recto,
externo obtuso deleto. Tjbiis anticis in & triangulariter intus dilatatis
antice recte truncatis, angulo apicali externo recto, vel in individuis
magnis acuto extus projecto; in Q minus latis, subparallelis, angulo
apicali externo leviter rotundato. Tarsis anterioribus in & dilatatis,
ovatis, antice fortiter attenuatis.

Habitat ! Burma, Tavoy, Nwalabo, 3,000 ft., November 1924 (R. N.
Parker).

Type a large male; allotypes a small male and a female in my
collection ; paratypes in the collection of the Forest Research Institute,
Dehra-Dun.

In the Catalogue of Indian Insects (Part 19, 1930, p. 21) I recorded
these specimens as O. cordatus, but having now compared the material
with a type male of the latter species from the Museo Civico, Genova,
and a series from Tonkin in my collection (from Lactho and Hao Binh)
which does not show any significant differences from the type male,
I am of opinion that the Indian specimens represent an undescribed
species. 0. alienus is a relatively smaller insect (O. cordatus 6-5-8 mm.
O. alvenus 6-7 mm. in length), and is comparatively broader. The out-
line of the smooth portion of the elytra is less constricted posteriorly
and, therefore, less cordiform, and the oblique sides are nearly recti-
linear. The flattened lateral margin of the elytra is less broadened
posteriorly and the outer apical angle is not distinctly marked. Further,
the male genitalia of the two species differ materially, in O. cordatus the
aedagus in nearly subparallel and only feebly narrowed in its apical third,
while in O. alienus there is a strong constriction shortly before the apex,
which is broadly expanded for a short distance and notched at the tip.
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Small specimens of O. alienus might be confounded with O. oblon-
giusculus fear, which was collected from the same locality. The latter,
however, is generally smaller in sizé and more elongated, the reticulation
on the smooth portions of the pronotum and the elytra consists of round,
strongly impressed meshes, the tomentous border is much broader on
the pronotum, especially, behind the eyes and the base of the elytra ;
the smooth portion of the latter is narrower basally and is on the whole
more elongate-cordiform. The aedagus of O. alienus, a8 described above,
is also quite different.






FURTHER NOTES ON CRUSTACEA DECAPODA IN THE INDIAN
MUSEUM.

IIT.—ON THE DECAPOD CRUSTACEA COLLECTED BY THE BENGAL PILor
ServicE orFf THE MouTrH oF THE RivEr HucHLI. DRoOMIACEA
AND OXYSTOMATA,

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

For many years past the members of the Bengal Pilot Service have
been enriching the collections of the Indian Museum with large numbers
of, sometimes very interesting, zoological specimens, collected by them
at the Sandheads, off the mouth of the Hughli River. The association
between the Pilot Service and the Museum is a very old one, and there
are numerous specimens in the Museum collection registered as having
been presented by the Commissioners of Pilot Brigs as long ago as the
seventies of the last century, or perhaps even earlier than that. This
valuable association was continued even after the replacement of the
Pilot Brigs by modern steamships, and has resulted in larger co]lectlons
since the present Pilot vessels 8.S. *“ Fraser ” and 8.S. ““ Lady Fraser ”
were equipped a few years ago with beam or otter trawls for such
marine investigations as the exigencies of their service permit them.
The result of this has been the accumulation of large collections from
this interesting region, a considerable part of which consists of Decapod
Crustacea. Though several interesting forms of Decapoda, Stomatopoda
and other gronps of Crustacea from this area have been described by
Wood-Mason, Alcock, Kemp and others, and records of other forms from
this locahty have been included in a number'of papers in the accounts
of various species, no systematic attempt has up to the present time
been made to give a collective account of the fauna of this region. I
propose describing the Decapod Crustacea of this area in the present
series of papers.

Like most deltaic regions, the Delta of the Ganges is a very interest-
ing area from a zoological point of view. As pointed out by Kemp ! in
his “ Notes on the Fauna of the Matlah River in the Gangetic Delta ”
the conditions governing life in this region are very peculiar, and have
resulted in the evolution or preservation of a very specialized type of
fauna. As in other deltaic regions, not only is there a rapid and exten-
sive mingling of fresh and salt waters, resulting in a wide range of salinity
that varies according to the conditions of the tides, and the amount of
fresh water brought down by the river at different times of the year, but
the amount of silt that the water of the Ganges brings down with it from
the rich alluvial plains through which it flows, plays a very important
part in regulating the conditions of life in the Delta. A very large
amount of mud held in suspension in the form of minute particles must

1Kemp, Rec. Ind. Mus., XIII, pp. 233-241 (1917),
[ 25 ] F



26 Records of the Indian Museum. [ VoL. XXXV,

necessarily diminish the amount of light that penetrates to the deeper
layers of water, and its slow sedimentation forms a bed of a soft ooze-
like mud, which from its very nature is somewhat unsuitable for a
certain type of fauna. This result is no doubt also contributed to by
the tidal currents and wave action, which must be constantly stirring
up the superficial layers of mud at the bottom.

These conditions, though found by Kemp to exist in the Matlah
River, are no doubt more or less characteristic of the entire Delta. The
phvswal conditions prevailing at the Sandheads have not yet been
adequately studied, but conditions somewhat similar to those in the
Matlah River, though perhaps in a lesser degree, must obviously be
existing here also. This area, which lies roughly in 21°N. and 88°E is
considerably lower and nearer the open sea than the region investigated,
by Kemp. The large amount of fresh water brought down either by the
Hughli or the neighbouring branches of the Ganges no doubt changes the
salinity, especially that of the superficial layers, to a considerable extent.
Recently Commander Bacon of the Bengal Pilot Service has very kindly
brought us a series of water samples from the Sandheads, covering a period
of 24 hours. On titration it is found that the salinity of the surface
water at the Sandheads on 18th, 19th October, 1932, varied between
16-175 and 20-990, and that it showed a tendency to rise and fall with the
tides. More detailed observations on the salinity etc. of the waters at
the Sandheads will be published later. I am very grateful to Col. Sewell
for the very valuable help he has given me in studying these water
samples.

The silt, that comes down with the river water, makes the water of
this area markedly turbid. The bottom, again, for the most part con-
sists of soft mud, though in some places there are patches of mud mixed
with sand. The large quantities of mud particles held in suspension
must cut off a large proportion of day-light and thus make the lower
strata darker than at corresponding depths in the open sea. The depth
is nowhere great and most of the collection appears to have been made
at or under 20 fathoms.

From his study of the animals living in the Matlah River, Kemp
came to some very interesting conclusions regarding the similarity of
the Matlah fauna and that of the deep sea. At the present moment
I am unable to make any general observations about the fauna of the
Sandheads ; it may be possible at a later stage to express some definite
views on this matter.

The present paper deals with the crabs of the tribes Dromiacea and
Oxystomata. Without going into the merits of the different systems of
classification of the Oxystomes, so ably discussed by Ihle, I have followed
in the present paper the classification adopted by Alcock in his famous
‘ Materials for a Carcinological Fauna of India” For synonymies also
the reader is referred to Alcock’s work ; for later references Thle’s excellent
account of the Oxystomes in the Siboga Expedition Reports has been
cited.

The Dromiacea are represented in the Sandheads collection by one
species only, while there are 20 species and one variety of the Oxystomata.
In the Calappidae, Calappa pustulosa Alcock, a rather rare species, is
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represented by a number of good examples. In the Leucosiinae a new
species of Leucosia has been described, while Bell’s rare Myra elegans
has also been met with. The Iliinae have six representatives living in
this locality ; of these Arcania erinaceus (Fabr.), a somewhat uncommon
species, hagz been met with at the Sandheads, and both the known
species of Ixa are also represented. Of these I. snermss Leach appears
to be a rare form. The Dorippidae are represented by two species and
a variety, and the Raninidae by a single species.

I give below a list of the species met with at the Sandheads; those
recorded from this area for the first time are marked with an asterisk.

Dromiacea.
Dromiidae.
Conchoecetes artificiosus (Fabr.).
Oxystomata.
Calappidae.
Calappinae.
Calappa lophos (Herbst).
*Calappa pustulosa Alcock.
Matutinae.
Matuta lunaris (Forskil).
Matuta planipes Fabr.
Leucosiidae.
Leucosiinae.
Leucosia rhomboidalis de Haan.
Leucosia craniolaris (Herbst).
* Leucosia rotundifrons, sp. nov.
Philyra globosa® (Fabr.).
Philyra globulosa M.-Edwards.
Myra fugax (Fabr.).
*Myra elegans Bell.
Iliinae.
*Iphiculus spongiosus Adam and White.
* Pariphiculus mariannae (Herklots).
Arcania septemspinosa (Fabr.).
Arcania erinaceus (Fabr.).
*Ixa cylindrus (Fabr.).
*Iza inermis Leach.
Dorippidae.
Dorippinae.
Dorippe dorsipes (Linn.).
Dorippe fachhino (Herbst).
Dorippe fachhino, var. alcocki Nobili.
Raninidae.
* Raninoides personatus Henderson.
My best thanks are due to Dr. Baini Prashad for making several

valuable suggestions in the course of this work, and to Col. R. B.
Seymour Sewell for going through the manuscript with me.

* No mention of this species has been made in the following pages on account of th.o
bottle containing examples of it having been mislaid. Only three male specimens were
collected at the Sandheads.

"2
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Tribe DROMIACEA.
Sub-tribe DROMIIDEA.
Family DROMIIDAE.

Conchoecetes artificiosus (Fabr.).
1901; Conchoecetes artificiosus, Alcock, Cat. Ind. Decapod Crust., Part I, pp. 41,
42,

Seventeen specimens of both sexes and of different sizes, that agree
closely with named examples of this species in the collections of the
Indian Museum, have been brought back by the Pilot Steamships
“ Fraser ” and ‘“‘ Lady Fraser ” at different times between the years
1923 and 1928. The species is very easily recognised, among other
characters, by the front having three teeth, by the presence of two teeth
on the lateral borders of the carapace, and by the third pair of walking legs
being short and ending in strong claws. The fourth pair of legs are very
much reduced, and have tiny claw-like dactyli. The chelipeds are
massive, especially in the males. The two teeth on the lateral border
of the carapace are generally worn away in larger examples.

C. artificvosus has a wide range of distribution in the Indo-Pacific
region. There are specimens in the Indian Museum from the Delta of
the Indus to as far east as Hongkong. It has also been recorded, among
other places, from the east coast of South Africa (Stebbing),! Ceylon
(Laurie),? Gulf of Siam (Rathbun),® Japan (Balss) 4 and Queensland in
Australia (Haswell).? It generally lives in shallow waters, but the
examples from the Indus Delta in the Museum collection were dredged
at a depth of 62 fathoms.

The species is known to cover itself with the shell of a bivalve
molluse, which it holds over its back by the strong claws of the third
legs. One example from the Sandheads, collected by Capt. C. Park on
board the “ Lady Fraser ” in 1927, has the shell of a Gastropod, Xeno-
phora (Onustus) solaris (Linn.)® over its carapace.

The largest specimen in the Indian Museum collection has its carapace
about 30 mm. long.

Tribe OXYSTOMATA.
Family CALAPPIDAE.
Sub-family CALAPPINAE.

Calappa lophos (Herbst).

1896. Calappa lophos, Alcock, Journ. As. Soc. Bengal LXV, pp. 144, 145.
1918. Calappa lophos, Ihle, Siboga Exped. Rep. XXXIX b2, pp. 182, 183.

I refer to this species 20 examples of both sexes and of varying sizes,
collected at the Sandheads between 1923 and 1929. The specimens

1 8tebbing, South African Crust. I1, pp. 19, 20 (1902).

2 Laurie, Rep. Pearl Oyster Fish. Ceylon V, p. 353 (1906).

8 Rathbun, Kong. Danske Vidensk. Selsk. Skrifter (7) V, p. 367 (1910).

¢ Balss, Arch. Naturgesch. LXXXVIII, p. 110 (1922).

& Haswell, Cat. Ausiral. Crust., pp. 141, 142 (1882).

¢T am indebted to my colleague Dr. B. Prashad for the name of this Gastropod.
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agree closely with named examples of this species in the Museum collec-
tion. There has been some doubt about the shape of the anterior end
of the endostomial septum in this species, but in my examples this
septum is, as described by Alcock, ¢ deeply excised anteriorly .

This species occurs very commonly all along the eastern coast of
India from the Delta of the Hughli to as far south as Pondicherry.
There are also specimens in the Indian Museum collections from the
Andamans, Ceylon, the Laccadive Islands, and the Persian Gulf.

C. lophos has a wide range of distribution in the Indo-Pacific region.
Balss ! gives the distribution of the species as : Dar-es-Salaam, Persian
Gulf, Indian coasts, Ceylon, Siam, Japan, Celebes, Amboina and
*Port Jackson. Miss Rathbun’s? record of the species from the Gulf of
Siam is rather doubtful, as it is difficult to say whether her examples
really belong to this species or not.

The species lives in shallow waters, and, judging from the examples
in the Museum collection, does not appear to go below 20 or 22 fathoms.

Calappa pustulosa Alcock.
1896. Calappa pustulosa, Alcock, Journ, As. Soc. Bengal LXV, pp. 147, 148,
pl. vi, fig. 1.

This species has hitherto been known from two immature male
specimens only, collected by the R. I. M. 8. “ Investigator ” off the
Ganjam and Orissa coasts, at a depth of 25 fathoms. It is very easily
recognised by the poor development of the clypeiform extensions of the
carapace and by the presence of large rounded tubercles arranged on
the carapace in seven longitudinal rows. The clypeiform extension
consists of five short, broad teeth, the anteriormost of which has the
appearance of a sharp tubercle rather than that of a tooth. The third
tooth is the largest, and its tip is somewhat pointed and curved forwards.
The last tooth is in advance of the posterior border of the carapace.
The antero-lateral margins of the carapace are distinctly crenulated (or
coarsely, but evenly, beaded) in their posterior half, while the anterior
part is practically smooth in most of the examples that I have examined.
In a few specimens this margin is faintly beaded, while in most, though
the margin is more or less smooth, the low tubercles on the carapace
a little on the inside of the margin, give this part of the margin a super-
ficially beaded appearance, somewhat like that shown in Alcock’s figure
of the species. Both the type-specimens, on which Alcock based the
description of this species, have the anterior part of the antero-lateral
margin practically smooth, but the row of low tubercles a little on the
inside of the margin is seen in his figure, the true margin being invisible.
The front is sharply bilobed and its tip projects beyond the orbits. The
posterior border is more or less straight, and has a fairly well-marked
prominence on either side at its junction with the postero-lateral margin,
The seven rows of bullous tubercles are arranged on the carapace as
shown in Alcock’s figure. The tubercles near the posterior margin of
the carapace are very much lower and less developed than on the rest
of the carapace, and some of these belonging to the median row tend to

! Balss, Arch. Naturgesch. LXXXVIII, p. 123 (1922).
2 Rathbun, Kong. Dansks Vidensk. Sslsk. Skrifter (7) V, p. 315 (1910),
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become short, low crests. This is especially noticeable in larger speci-
mens. At the anterior end of the median row, there are four smaller
tubercles arranged almost in the form of a square. The surface of the
carapace between the tubercles is finely granular in the anterior part,
but is smooth posteriorly.

The endostomial septum in younger examples is as described by
Alcock. In its anterior part the septum is a low, and slightly concave
ridge, but is somewhat higher posteriorly. This is the case in the type-
specimens, and in the smaller examples in my collection. In larger
specimens the anterior part of the septum is a high vertical ridge, be-
coming low posteriorly, in which part it is deeply concave. The ischium
of the external maxilliped is, as appears to be usual, strongly toothed
on its inner border.

The chelipeds, as is always the case in the genus, are very massive,
and the crest at the distal end of the arm is four-lobed, the anterior-
most lobe ending in a sharp tooth. The outer surface of the palm (and
to a less extent, the upper surface of the wrist) is covered with bullous
tubercles like those on the surface of the carapace. The lower borders
of the palm are finely milled, and a little above this margin on the
outer surface of the palm there is a band of small granules arranged
more or less parallel to the margin. The inner surface of the palm
is\1 prziftically smooth, and the crest on its upper margin is as shown by
Alcock.

The abdomen in females and small males consists of seven distinct
somites, while in large male examples the 3rd, 4th and 5th somites are
lused, thus leaving only five pieces. In some comparatively large males
there are still traces of lines between the fusing somites.

Calappa pustulosa appears to he a common species at the mouth of
the Hughli River, 18 specimens, as listed below, having been collected
by members of the Pilot service at the Sandheads. The largest male
example has a carapace length of 35 mm., while the largest female,
which is ovigerous, is 39-5 mm. long. The type-specimens have a carapace
length of about 20 mm. only.

C1608/1 Sandheads, mouth of the River “ Fraser,” 4th Nov. 1 young.

Hughli. 1922.
C 1608/1 ' ’ ’ “ Fraser,” 22nd Mar. 14.
1923.
C1612/1 v ’ ’s “ Lady Fraser,” Capt. 14,2 Q9.
A. W. Michie, June
1923.
C 1607/1 » » » * Lady Fraser,” Nov. 1 young.
1923,
C 1605/1 »» ’» » “ Fraser,” 1lth Jan. 5 343.
1924.
C 1614/1 " »  “TFraser,” 29th Feb. 13,12
1924.
C 1609/1 ’» » v ‘“ Fraser,” Jan. 1930 1 young,
C1610/1 Bay of Bengal, between Pilot ‘*“ Fraser,” Nov. 1923 12
Ridge Light Vessel and Eastern
Channel Light Vessel. 10 miles
N. and S. of Eastern Channel
Light Vessel.
C1611/1 . ' ' * Fraser,” 29th Feb. 12
1924,
C1613/1 ’ ’e ’ ‘* Lady Fraser,” Feb., 2 29

Mar. 1928,
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Typical examples of the species are so far known from the eastern
coast of India only, though Borradaile! has recorded a variety of this
species from the Maldive Islands. The variety, which he called elypeata,
18 distinguished from the forma typica by having the clypeiform exten-
sions of the carapace much better developed and the antero-lateral
margins of the carapace toothed throughout. The endostomial septum
15 more or less like that described by Alcock, though it is perhaps some-
what better developed. In the Indian examples, including the types,
these characters do not exist. The anterior part of the antero-lateral
margins is, as mentioned above, faintly beaded in some specimens, but
in none can it be called toothed throughout. There are, however, a
number of low tubercles quite close to this part of the margin, which
give it a superficial appearance of being toothed, but the margin itself
is practically smooth. The clypeiform expansion is poorly developed in
all examples, and is nothing like that of C. depressus Miers,? as mentioned
by Borradaile for his variety.

C. pustulosa lives in shallow waters, all the specimens in the Museum
having been collected at depths of 20-25 fathoms of water.

Sub-family MATUTINAE.

Genus Matuta Fabr.
1896. Matuta, Alcock, Journ. As. Soc. Bengal LXV, pp. 163-157.

There has been a great deal of confusion regarding the correct names
applicable to the various species of Matute. Alcock in the paper cited
above gave a very careful revision of this genus, but several workers
like Stebbing,® Miss Rathbun,* Ihle, Balss 5 and others did not accept
his views with regard to the correct names of M. lunaris and M. wvictor.
I do not propose going into this matter here, but it seems clear that
Alcock was wrong in ascribing the name of M. lunares to Herbst. This
species should undoubtedly be called M. lunaris (Forskial) and
M. victor of Alcock and some other authors should be referred to this
species. M. lunaris of Alcock would thus appear to be M. planipes of
Fabricius. In adopting these names I am following the example of most
of the present-day workers.

Mutata lunaris (Forskil).

1896. Matuta victor, Alcock, Journ. As. Soc. Bengal LXYV, pp. 160, 161.
1918. Matuta lunaris, Ihle, Siboga Exped. Rep. XXXIX b2, pp. 185, 186.

I refer to this species one ovigerous female specimen, with a carapace
length of about 30 mm., collected by ““ Lady Fraser > at Sandheads in
1927. The species has been very accurately described by Alcock, and
my example agrees closely with his description, as also with named
specimens of the species in the collections of the Indian Museum.

! Borradaile, Fauna Geog. Maldive and Laccadive Archipelago II, p. 436 (1903).
2 Miers, Challenger Brachyura (Zool. XVII), p. 287, pl. xxiii, fig. 2 (1886)

8 Stebbing, South African Crustacea III, pp. 54-57 ( 1905).

4 Rathbun, Kong. Danske Vidensk. Selsk. Skrifter (7) V, p. 316 (1910).

5 Balss, Arch. Naturgesch., LXXXVIII, p. 125 (1922).
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M. lunaris occurs very commonly along the Indian shores. It is
very widely distributed in the Indo-Pacific region, having been recorded
from the Cape region and the Red Sea on the west to Polynesia on the
east. Balss1 gives the distribution of this species as: Zanzibar, Dar-
es-Salaam, Madagaskar, Mauritius, Seychelles, Red Sea, Indian coasts,
Ceylon, Amboina, Java, Celebes, Philippines, China Sea, Japan, Samoa,
Nicobars, Tabiti, British New Guinea and Australia.

Matuta planipes 2 Fabr.
1896. Matuta lunaris, Alcock, Journ. As. Soc. Bengal LXYV, pp. 161, 162.

This species, though closely resembling M. lunaris (=M. wvictor
Alcock), ecan be, as pointed out by Aleock, easily distinguished from it.
There is no spine at the angle where the hand comes in contact with the
external border of the arm, the spine of the foregoing species being
replaced by a tubercle, and the fourth lobe of the median longitudinal
ridge on the outer surface of the hand is not raised into a spine in either
sex. The colour in freshly preserved specimens is also different. I have
examined a large number of specimens, that are preserved in the Indian
Museum, of the two species of different ages and of both sexes, and I
find that these differences are constant.

. M. planipes appears to be a common species at the mouth of the
Hughli, 12 specimens having been collected there between 1923 and
1927 In the Indian Museum there are specimens from Mergui, Anda-
man Islands, Burma and from several localities along both the coasts
of Peninsular India. The species is widely distributed in the Indo-
Pacific region; Balss! gives its distribution as Cape of Good Hope,
Coasts of India, Singapore, Siam, China, Bonin Island, Japan, Java,
Celebes and N. W Australia.

Family Lrucosupas.

Sub-family LEUCOSIINAE.

Leucosia rhomboidalis de Haan.
1896. Leucosia rhomboidalis, Alcock, Journ. As. Soc. Bengal LXV, pp. 234,
235.

1918. Leucosiu rhomboidalis, Ihle, Stboga Exped. Rep. XXXIX b2, p. 282.
Leucosia rhomboidalis belongs to the group of species in which L.
crantolaris (Herbst), L. vittata Stimpson and L. pubescens Miers are also
placed. L. truncata Alcock also resembles these speeies in a number
of important characters, but the shape of its front is so distinct that it
can be readily distinguished from all other species of the genus. From
the two first named species in this group L. rhomboidalis can be distin-
guished by having the two sides of its front more or less sub-parallel,
8o that a somewhat abrupt junction is formed between the front and
the antero-lateral borders of the carapace; and by having the edge of

1 Balss, Arch. Naturgesch. LXXXVIII, p. 125 (1922).
® As mentioned on p. 31, Alcock’s name of M. lunaris is not applicable to this
species, and Fabricius’ old name planipes should take its place.
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the pterygostomian region, which forms the anterior boundary of the
thoraeic sinus, smooth, there being no milling or granulation. From
L. pubescens it can be recognised by its smaller size and by the fact
that the surface of the carapace below the posterior margin of the dorsum
is distinctly granular, while this surface is smooth in L. pubescens. Fur-
ther the inner surface of the hand in the present species has two promi-
nent rows of granules; in L. pubescens this surface is generally smooth,
or there is a single row of obsolescent granules. The external orbital
angles are also inconspicuous, and the two outer teeth of the front are
minute and deflexed, giving the front a superficial appearance of ending
in a single sharp point.

I refer to this species two male specimens collected at the Sandheads
by the Pilot vessel ““Lady Fraser” in November 1923. The larger
example is about 14 mm. long. The specimens agree very closely with
Alcock’s description of the species, as also with named examples in the
Museum collection. The colour is somewhat faded, but the crescents
of dark red spots, mentioned by Alcock, can be distinetly made out.

There are specimens of this species in the Indian Museum collection
from the Andamans, the Delta of the Irrawady River, the Sandheads
and the Coromandel coast, besides some examples from Hongkong.
According to IThle the species is distributed from Ceylon to Japan;
Balss ! mentions its having been found at Vladivostock also.

Leucosia craniolaris (Herbst).

1896. Leucosia craniolaris, Alcock, Journ. A4s. Soc. Bengal LXV, pp. 231,
232.

1914. Leucosia craniolaris, Parisi, Atti. Soc. Ital. Sci. Nat. Milano LIII,
PP- 293, 294,

The present species very closely resembles L. vittata Stimpson, from
which it is somewhat difficult to distinguish it satisfactorily. The
character on which Stimpson 2 separates his species from L. craniolaris,
namely the presence of pubescense on the basal part of the arm, holds
good for both species. Aleock mentions a number of characters by which
the two species may be distinguished ; the most important of these is
afforded by the thoracic sinus. In L. wilfata the outer limb of the sinus
encroaches on the antero-lateral border of the carapace, where it causes
a marked emargination, visible in a dorsal view; in L. craniolaris the
outer limb of the sinus does not invade the antero-lateral margin of the
carapace. This character, though quite constant in L. wvittata, appears
to be somewhat variable in the other species, for in some examples of
L. craniolaris that T have examined a slight emargination of the antero-
lateral border is formed. According to Alcock, the hand in L. wittata
is ““ very appreciably longer than broad, and the fingers are every bit
as long as the hand ” ; and in L. cransolaris the hand is nearly as broad
am long and the fingers are also nearly as long as the hand. In all the
specimens of both the species that I have examined the hand is Jonger
than broad in the same way as the fingers are longer than the hand.
In the former species, however, the fingers appear to be proportionately

1 Balss, Arch. Naturgesch. LXXXVIII, pp. 127, 128 (1922).
2 Stimpson, Smithsonian Misc. Coll. XLIX, pp. 149, 150, pl. xviii, figs. 3, 3a (1907).
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somewhat longer than those in the other form. The third point men-
tioned by Alcock is the difference in the colouration of the two species.
This difference appears to be constant, and in freshly preserved examples
at least is no doubt useful in distinguishing the two forms. It thus
appears that, apart from colouration, which in the case of old specimens
cannot be relied upon to any great extent, the only point on which the
two species can be satisfactorily separated 1s afforded by the thoracic
sinus. Another character which might be of help in recognising these
species is the slight difference in the shape of the front. In L. craniolaris
the antero-lateral borders are practically straight, and meet the con-
verging sides of the front in a more or less continuous sweep, so that
there is hardly any angle formed by the two. In L. witata the antero-
lateral borders, which have a distinet emargination a little above the bases
of the chelipeds, are somewhat arched, and meet the sides of the front
in a distinet, though very broad, angle, giving the snout an appearance
of being pinched off from the rest of the body. The junction is not
as prominent as it is L. rhomboidalss or L. pubescens, but it is distinctly
more so than in L. craniolarts. 1 have found this difference quite cons-
tant in all the examples of the two species in the Indian Museum collec-
tion.

The carapace in L. crantolaris appears to be a little less arched than
in L. wttata.

There are nineteen specimens in the collection from the Sandheads
that I refer to this species. Of these 13 are males, and 6 females, the
latter including an ovigerous example. The largest specimen has a
carapace length of 23 mm. There are already in the Museum collection
specimens from the mouth of the Hughli River. In Indian waters
Henderson ! mentions its having been recorded from Rameswaram,
Mutuwartu, Ceylon, Gulf of Martaban and Madras.

L. craniolaris is widely distributed in the Indo-Pacific region. In
addition to Henderson’s records Parisi has mentioned, in the paper cited
above, a number of localities from which the species has been recorded.
Thle 2 gives its distribution as Gulf of Manaar, Indian Archipelago,
Torres Stralt and KEast Asia.

Besides the specimens mentioned above there is a young male example
in the collection. As mentioned by Alcock ® in the case of L. wittata,
the posterior margin of the carapace is practically straight, and the
outer angles are dentiform.

Leucosia rotundifrons, sp. nov.

The carapace is bluntly hexagonal, and is slightly longer than broad,
the greatest breadth being about nine-tenths of the length. The surface
is devoid of hair, and is quite smooth in the posterior and median regions.
The hepatic, the gastric and the sides of the branchial regions are, hqw-
ever, minutely, but distinctly punctate, the punctations in fully grown
examples being visible even to the naked eye. The antero-lateral

1 Henderson, T'rans. Linn. Soc. Lorndon (2) Zool. V, p. 397 (1893).
2 Thle, Siboga Exzped. Rep. XXXIX b2, p. 315 (1918).
3 Aleock, Journ. 4s. Soc. Bengal LXV, p. 233 (1896).
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borders are markedly sinuous, and are concave, except for a broad
notch a little above the base of the chelipeds; they arc headed through-

TExT-F16. 1.~—Leucosia rolundifrons, sp. nov.
Dorsal view of a male specimen : X15.

out, though the beading in the anterior part is faint. The postero-
lateral margins, which are broadly arched, are crenulate, the crenulation
becoming sparser posteriorly, and extending up to the base of the last
pair of legs. The posterior margin is faintly milled, and is regularly
rounded in the female. In the male this margin is very gently curved,
or is more or less straight with a concavity in the middle. It is conti-
nuous on either side with the thickened and milled epimeral margin,
which, for the most part, is not visible in a dorsal view. As is usual
the epimeral margin ends in a tooth. The deflexed surface below the
posterior margin is quite smooth, though its lower border is beaded.

The front is prominent and is conspicuously broader than long. It
is dorsally concave, and has a faint long groove on either side a little
on the outside of the eye. Its front edge is deflexed and is broadly
and regularly rounded. There are distinct concavities on the carapace,
one on either side of the middle line at the base of the front.

The ventral surface of the ischium of the external maxilliped in the
female is raised into a carina, which, in one specimen, is quite sharp
and ends in a blunt tooth. The distal part of the exognath and the
merus of the maxilliped, is covered with small pearly granules in both
sexes.

The thoracic sinus is like that of L. obtusifrons de Haan, as described
by Alcock ! and figured by Parisi.2 It is a long narrow loop between
the base of the cheliped, and the strongly pronounced lateral angle or the
eave of the carapace. The granules on the dorsal end of the loop are
small in size, and are for the most part hidden under the eave of the

1 Aleock, Journ. As. Soc. Bengal LXV, pp. 216, 217 (1896).
2 Parisi, Atti, Soc. Ital. Sci. Nat. Milano LIII, pp. 291, 292, pl. xiii, fig. 4 (1914).
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carapace ; those on the lower limb are large and pearl-shaped. The
granules of the anterior concavity of the loop are only partly welded

TEXT-FIG. 2.—Leucosia rotundifrons, sp. nov,
Thoracic sinus, lateral view: X 4.

together, are cut off from those of the lower limb and form a somewhat
1solated incomplete ring, The pterygostomian plate in front of the loop
has a small depression, and its lower edge in continuation with the loop
is markedly granular.

In the adult male the chelipeds are considerably more than half
again as long as the carapace. The inner and outer borders of the arm
are covered with large pearly tubercles, and in addition to these the
upper surface of the arm has two divergent longitudinal rows of similar
tubercles, arising from a number of smaller coalescent tubercles at the
base of the arm, and running for about half its length. The inner surface
of the arm is completely covered with pearly tubercles, which become
smaller in size near the distal end. The under surface has a large
number of small tubercles in the basal portion, and similar tubercles
along the sides arranged so as to leave a large smooth area of a triangular
shape in the middle. The wrist is short and globular, and is smooth,
except for two rows of small granules on the inner surface, one along
the upper border and the other along the lower. The hand is about
one and a half times as long as high, and its outer border is very faintly
carinated. The inner surface of the hand has a number of rows of
granules on it ; the rows on the dorsal and ventral borders consist of
larger granules, and are continued on to thé fixed finger. The fingers
are somewhat shorter than the hand, and leave an appreciable gap at
the base when they are closed. They bear short teeth on their entire
edges, and their tips are somewhat sharply pointed.

The legs have subcylindrical meropodites, with four longitudinal
rows of small indistinct granules; the carpopodities are short and
inflated, the propodites have sharp, dorsal carinae and the dactyli are
broadly lanceolate.

The abdomen consists of four pieces in both the sexes; the third
picce in the male has a strong tooth in the middle line. The second
piece in the male is almost as long as the third and has its surface raised
in three prominent convexities. In the female the second piece is very
small.
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The largest specimen, a male, has a carapace length of 288 mm.
and breadth of 26:-5 mm. ; the largest female is 26 mm. long and 24+7 mm,
broad.

The colour in spirit specimens is slate-grey, with the pearly tubercles
on the arm white. There are generally no characteristic markings on
the carapace, but in one female example from the Madras coast a pair
of small white spots on either side of the gastric region is faintly visible,
as in L. obtusifrons. In the specimen from the Sandheads the carapace
and the lower surface of the body are mostly black, only.the anterior
part of the former being whitish. The chelipeds and the tubercles on
it are also black, except for parts of the hand and the fingers, which are
pale orange. The meropodites of the legs are black, while the remaining
parts are light orange.” The colouration of this example does not agree
with that of any other specimen in the collection. There are tufts of
Polyzoan colonies growing on the drms in this example.

The type-specimen is registered under 2855/10 in the registers of the
Zoological Survey of India.

Locality.—The species appears to have quite a wide range of dis-
tribution in the Indian Ocean, there being specimens in the Museum
collection both from the Arabian Sea and the Bay of Bengal. The type-
specimen is from the Laccadive Sea (Marine Survey Station 246).

2856/10 Laccadive Sea, 11° 14’ 30” N.,  Marine Survey, 15th 2 examples in-

74° 57" 15 E. 68-148 Oct. 1898. cluding TYPE,
fathoms.
2856/10 »” » » » 1 young.
01643/]. Madras Coast. ” ”» 1 9.
C1644/1 Near Muscat, Persian Gulf. T. H. Townsend. 1 young & with
. a Bopyrid,
C1645/1 Sandheads, mouth of the River ‘“ Fraser,” 29th Feb. 19
Hughli. 1924,

The present species very closely resembles L. unidentata de Haan
and L. obtusifrons de Haan, notably in the shape and proportions of the
carapace, the general shape of the front, the granulation of the arm,
the form of the legs, and the general shape of the thoracic sinus. It
can, however, be easily distinguished from both these species, among
other characters, by the punctations of the carapace, the shorter and
anteriorly rounded front, and the carina on the ischium of the maxilliped
of the female. As is seen from the accompanying table L. rotundifrons
shows a greater resemblance with L. obtusifrons than with de Haan’s
other species. The resemblance between the three species is so closo,
that some examples of the new species had been mixed up with specimens
of the other two species in the Museum collection. The type-specimen
along with another younger example had been included with examples
of L. unidentata, while the female from Madras coast had been deter-
mined a8 L. obtusifrons. Another specimen from Muscat in the Persian
Gulf had also been called L. unidentata.
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L. unidentata. L. obtusifrons, L. rolundifrons.

., Carapace smooth. 1. Carapace smooth. 1. Carapace distinctly punctate
on hepatic, gastric and
sides of the branchial re-

—

gions,

2. Front somewhat broader than | 2. ¥ront more or less as in L. | 2. Front very much broader than
long, truncate triangular, its unidentata. long, its anterior edge
anterior edge faintly trilobed deflexed and regularly and
and slightly deflexed. broadly rounded.

8. Ventral surface of ischium of | 3. Asin L. unidentaia. 3. Ventral surface of ischium of
external maxilliped in the external maxilliped in the
female smooth female carinate.

4. Distal part of merus and exog- | 4. As in L. unidentata. 4, Distal part of merus and
nath of external maxilliped exognath of external max.
in both sexes smooth. illiped having pearly gra-

nules In both sexes.

. Thoracic sinus loop-shaped, | 5. Thoracic sinus loop-shaped, | 5. Thoracic sinus more or less as

ot

with equal sized gearly gra- with the anterior end of in L, obtusifrons. Pterygo-
nules on both limbs, Ptery- the loop out off in an stomian plate in front of
gostomian plate in front of isolated ring of coalesced the loop s8somewhat de-
the loop deeply indented granules, and with granules pressed, wth its lower edge
transversely. of the dorsal limb minute. prominently granular.

Pterygostomian plate in
front of the loop flat.

=

3. Divergent rows of granules on | 6. Divergent rows of granules | 6. Divergent rows of granules

the upper surface of arm ex- extending for about half extending for about half
tending for about three- the length of the arm. the length of the arm.
fourths of the basal part of
the arm.
7. Outer border of hand rounded. | 7. Outer border of hand | 7. Outer border of hand faintly
rounded. carinate.
8. Fingers as long as the hand. 8. Fingers shorter than the | 8. Fingers shorter than the
hand. hand.
9. Chelipeds more than 1} times | 9. Chelipeds less than 13 times | 9. Chelipeds more than 1} times
the length of the carapace. the length of the carapace. the length of the carapace.

The species appears to be uncommon at the Sandheads, only one
example, as shown in the list of localities given above, having been
collected there by the Pilot Steamship  Fraser ”” in 1924.

Philyra globulosa M.-Edwards.

1896. Philyra globulosa, Alcock, Journ. 4s. Soc. Bengal LXV, pp. 245-2417.
1918. Philyra globulosa, Thle, Sibogn Exped. Rep. XXXIX b2, pp. 274, 275.

I refer to this species 21 specimens from the Sandheads, collected
between 1922 and 1927 There are 12 males and 9 females, the former
varying beween 14 mm. and 20 mm. in length, and the latter between
14 and 16 mm. According to Alcock the adult female is 22-24 mm.
long, but in my collection some females, having a carapace length of
about 14 mm. only, are ovigerous. .

P. globulosa somewhat closely resembles P. globosa (Fabr.), but, as
shown by Alcock, the two can be distinguished without much difficulty.
Ihle in the paper cited above has also given a number of useful charac-
ters, which facilitate the recognition of the two species.

The species appears to be quite common in the Indian Ocean, there
being specimens in the Museum collection, as remarked by Alcock, from
“all along the Hast coast, from the mouth of the Hooghly to Point
Calimere, and on the coasts of Travancore, the Andamans, and the
Persian Gulf ” The specimens from the last mentioned locality differ
from others in having the upper surface of the arm, and the pterygo-
stomian region less granular than is usually the case,
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Thle gives the distribution of the species as the Indian Ocean from
the Persian -Gulf to the Gulf of Siam, and the Moluccas.

Myra fugax (Fabr.).
1918. Myra fugazx, Ihle, Siboga Exped. Rep. XXXIX b?, pp. 266, 257.

Myra fugax occurs very commonly all round the coasts of India.
In the Indian Museum collections there are specimens from, among other
localities, the Mergui Archipelago, the Andamans, the Irrawady Delta,
the Delta of the Ganges, both the coasts of the Indian Peninsula (up to
Karachi on the Bombay coast) and from the Persian Gulf. There are
also examples from Singapore and Hongkong. In addition to these
there are numerous specimens registered under the name of M. penta-
cantha Alcock,! which appears to be only a young form of M. fugax,
from both the coasts of India.

e

x r";‘ )
PR X
I/ g&\

i\

TexT-FI6. 3.—Myra fugax (Fabr.).
External maxilliped of female: X 8.

The species has been very fully described by Alcock 2 and several
other writers. In the female the ventral surface of the ischium of the
external maxillipeds is distinctly raised in a median longitudinal ridge
composed of fairly large pearly granules. This character is very poorly
developed in the male, but is present in all females, and even in young
specimens of that sex.

As Thle has pointed out M. fugaz is rather a variable species. The
proportions of the carapace, the size of the terminal spines, the relative
length of the chelipeds, and the granulation of the carapace—to mention
only a few of the important characters—all vary a great deal with age,
and to a certain extent with sex also.

Y Alcock, Journ. 4s. Soc. Bengal L.XV, pp. 204, 205 (1890).
2 Aloack, op. cit., pp. 202—204.
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I refer to this species 13 examples collected at the Sandheads at
different times hetween the years 1922 and 1928. There are 10 males
and 3 females ; the largest male has a carapace length (excluding the
terminal spine) of 27 mm., while the largest female, which is ovigerous,
is about a millimetre longer.

M. fugax has a very wide range of distribution in the Indo-Pacific
region. Balss?! gives the distribution as East Africa, Madagascar, Red
Sea, Indian Coasts, Ceylon, Gulf of Siam, Japan, Arafura Sea on the
north of Australia and New Caledonia.

Alcock, in the paper cited, pointed out with good reasons that his
M. pentacantha is probably only a young form of M. fugax, and Ihle,
agreeing with this view, has included Alcock’s species in the synonymy
of M. fugax. This course he has followed even in spite of the fact that
Miss Rathbun? considered the two species distinct, chiefly on the ground
that in M. pentacantha the ischium of the external maxilliped in the
female has no fringe of setae along the inner part of apposed edge. Thle
in the young examples of M. fugaz in his collection—which he considers
to be nothing else but M. pentacantha of Alcock—found this fringe
present. I have examined a number of female examples of M. penta-
cantha on which Alcock based his new species, and in all of these I have
found a row of sparsely placed hairs on the inner edge of the ischium of
the external maxilliped. This row of hairs is present in M. fugax also,
but in addition to this there is a thick fringe of closely developed hairs,
a little on the outside of the apposed edge. This fringe is altogether
absent in all the examples of pentacantha that I have examined. Though
this fringe is well developed in large females of M. fugax, 1 have failed
to find it in younger examples of this sex. It seems probable, therefore,
that this fringe grows with age, and as all the examples of M. pentacantha
are very young, this fringe is naturally absent in these. The row of
tubercles on the ventral surface of the ischium, mentioned in the case
of M. fugax, is present in a similar position in examples of M. pentacantha
also. These tubercles are poorly developed in very small examples of
the latter species, but in comparatively bigger specimens these are very
clearly seen. The other characters of M. pentacantha, mentioned by
Alcock, are for the most part those that one would expect to find in the
young of M. fugaz, and I have, therefore, no hesitation in agreeing with
Alcock and Thle that it is only a young form of the latter.

Myra elegans Bell.

1896. Myra elegans, Alcock, Journ. 4s. Soc. Bengal LXV, pp. 208, 209.
1918. Myra elegans, Ihle, Siboga Exped. Rep. XXXIX b2, p. 261.

This species can be very easily recognised by the elongate-oval form
of its carapace, having a flat median carina and terminating posteriorly
in a long spine with two short spinules, one on each side. The branchial
regions have a longish patch of tubercles on the middle of their surface ;
the carina and the region round the posterior spine are also granular.
The prominent marginal notch behind the hepatic region that is generally

1 Balss, Arch. Naturgesch. LXXXVIII, p. 127 (1922). ‘
2 Rathbun, Kong. Danske Vidensk. Selsk. Skrifter (7) V, p. 308 (1%<0).
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present in other species of the genus is' wanting. The chelipeds are
slender and rather short, and those of the two sides differ only slightly
from one another. . .

Myra elegans appears to be rather a rare species. The incomplete
female specimen on which Bell ! based the description of the species was
collected in the * Mari orientalis” There are five specimens in the
Indian Museum collection; of these four are from the Madras Coast
and the fifth was collected from East of the Terribles, off the Arakan
Coast in Burma. Miss Rathbun 2 has recorded the species from the
Gulf of Siam, and the Siboga- Expedition obtained a young example
in the Madura Strait, north of Java. The species lives in shallow waters,
and is not known to go deeper than about 20 fathoms.

I refer to this species three specimens, one male and two females,
collected at the Sandheads.

C1581/1 Sandheads, mouth of the River * Fraser,” Capt. R. 19
Hughli. Smyth, 26th August
1922,
C1580/1 » " " “Lady Fraser,” Capt. 19
A. W. Michie, June
1923.
C1579/1 » ’ . “Lady Fraser,” Nov. 143
1923.

The larger of the two females has a carapace length (excluding the
terminal spine) of 17-5 mm., and is about 12:5 mm. broad ; the single
male is 15 mm. long, and has a breadth of about 10-5 mm.

TEXT-FIG. 4.— Myra clegans Bell.
Dorsal view of anterior end of carapace: X 17.

The species has been very well described by Alcock, and besides the
illustrations given by Bell, Miss Rathbun has published a photograph
of a large male specimen. The deep triangular fissure on the border of
the orbit mentioned by IThle is clearly seen in all the examples that
I have examined. It is broad anteriorly, but becomes deeper and
narrower posteriorly. The outer orbital angle is also acutely pointed. At
the lower anterior angle of the hepatic facet there is a large cylindrical
spine projecting considerably beyond the outer orbital angle. This
spine, as mentioned by Ihle, is a prolongation of the anterior border
of the pterygostomian region. The spine is strongly developed in the

1 Bell, Trans. Linn. Soc. London XXI, pp. 297, 298, pl. xxxii, fig. 4 (1855).
‘Rathbun, Kong. Danske Vidensk. Selsk. Skrifter (7) V, p. 309, pl. i, fig. 12 (1910).

G
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male ; in the female, though it is considerably reduced, it can still be
made out by the side of the outer orbital angle, beyond which it does
not project very much. The upper border of the hepatic facet posterior
to the spine is distinetly beaded. The other differences observed by
Thle in his specimen are probably due to its being very young. .

M. elegans does not appear to grow to a large size, the largest specl-
men in the Indian Museum collection is the female from the Sandheads
referred to above, in which the length of the carapace, including the
terminal spine, is 21-4 mm.

Sub-family ILiNag.

Iphiculus spongiosus Adam and White.

1896. Iphiculus spongiosus, Alcock, Journ. As. Soc. Bengal LXV, pp. 256, 257.
1918, Iphiculus spongiosus, Thle, Siboga Exped. Rep. XXXIX b2 p. 252.

I refer to this species a single female example collected by the Pilot
S. 8. “ Lady Fraser ” at the Sandheads in November, 1923. It agrees
closely with the published descriptions and figures of the species, as also
with Alcock’s named examples of it in the collections of the Indian
Museum.

I. spongiosus has been recorded from several localities in the Indian
waters. In the Museum collection there are several specimens from the
Andamans, off the Irrawady Delta, the Ganjam and the Madras coasts,
the Mekran coast and the Persian Gulf. The species lives for the most
part in shallow waters, but some examples in the Museum collection
from the Bay of Bengal are from a depth of 66 fathoms. .

The species has quite a wide range of distribution in the Indo-Pacific
region. Ihle mentions it as having been recorded from the Red Sea,
Mekran coast, Bay of Bengal, Andaman Islands, Singapore, Arafura Sea,
Gulf of Siam, Philippine Islands and Hongkong.

Pariphiculus’ mariannae (Herklots).

1896. Pariphiculus rostratus, Alcock, Journ. As. Soc. Bengal LXV, p. 259,
pl. viii, fig. 2.

1918. Pariphiculus mariannae, Ihle, Siboga Exped. Rep. XXXIX b?, pp. 249,
250.

As pointed out by Nobili2, Alcock’s P. rostratus is undoubtedly identical
with the form described by Herklots 3 in 1852 under the name of Ilia
mariannae. The description and the figure published by this author
leave no doubt on this point.

The one male example that I refer to this species agrees very closely
with the description and figure given by Alcock, as also with the named

tTn his “ Ostasiatische Decapoden. III »* Balss [Arch. Naturgesch. LXXXVIII,
p. 131 (1922)] says that there are four species in the genus Pariphiculus. So far as I am
aware, the genus consists of only three species, namely, the genotype P. cornutus Alcock
and Anderson, P. mariannae (Herklots) (=P. rostratus Alcock), and P. agariciferus
Thle. It is possible Balss considers Alcock’s P, rostratus distinct from P. mariannae.

2 Nobili, Ann. Sci. Nat. Paris (9) IV, p. 165, foot-note (1906).

3 Herklots, Bijdr. Dierkunde I, pp. 35-37, pl. fig. 2 (1852).
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examples of the species in the Museum collection. The abdomen of
the male, as mentioned by Alcock, has segments 3-5 fused, but even in
comparatively large specimens the sutures between these segments are
still faintly visible. The third segment has two marked convexities, one
on either side at the base, and a deep concavity between the two. There
are some small granules on the convexities and, though these appear
to vary with age, these are present in all male specimens. Besides tiis,
in very young specimens, both male and female, almost the entire sur-
face of the abdomen, and the ventral surface of the thoracic sternites are
covered over with granules. These tend to disappear with age, but the
1st and the 2nd sternites, especially the latter, are always granular in
both sexes. The ventral surface of the ischium of the external maxilliped
has also a median longitudinal ridge of low granules in both sexes.

The species is represented in the Indian Museum collection by
examples from the Burma, Coromandel and Malabar coasts, as also by
two large females from Hongkong. Herklots described the species from
China, while Thle had a young male in the Siboga collection from the
Malay Archipelago. I refer to it one example from the Sandheads.

C1641/1 Sandheads, mouth of the River “Tady Fraser,” Nov. 13
Hughli. 1923.

P. mariannae seems to live on a muddy bottom in comparatively
shallow waters. The specimens in the Museum collection are mostly
from a depths varying between 25 and 45 fathoms, though one speci-
men from the Gulf of Martaban was dredged at 61 fathoms.

The largest female in the collection (from Hongkong) is 32 mm. long,
while the largest male (from the Sandheads) has a carapace length of
about 22 mm.

Arcania septemspinosa (Fabr.).

1896. Arcania septemspinosa, Alcock, Journ. 4s. Soc. Bengal LXV, p. 265.

1918. Arcania septemspinosa, Ihle, Siboga Exped. Rep. XXXIX b2, pp. 263,
266.

This species appears to be rather common at the Sandheads, 30 speci-
mens having been collected .there on six different occasions between
1922 and 1932. Of these 17 are males and 13 females; the largest
male has a carapace length of about 23 mm., while in the largest female,
which is ovigerous, the carapace has also the same length.

The merus of the external maxilliped in the female has a thick fringe
of long hairs running in a longitudinal direction about the middle of the
surface, and external to the fringe and running parallel to it there are
two or three rows cf pearly tubercles placed close to one another. These
tubercles are present in the male also, but the fringe of hairs is lacking in
examples of this sex. The exognath in both sexes has a number of
tubercles scattered on its surface. The palp arises on the underside
near the antero-external angle.

In the Indian Museum collections there is a large number of speci-
mens of this species from the Andamans, the Arakan coast, the Delta
of the Ganges, all along the eastern coast and from the Persian Gulf.
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A. septemspinosa has a wide range of distribution in the Indo-Pacific

TEXT-FIG. 5.—Arcania septemspinose (Fabr.).
External maxilliped of female: x 8.

region. Balss?! gives the distribution of the species as Cape of Good
Hope, Red Sea, Indian Seas, Malay Archipelago and Hongkong.

Arcania erinaceus (Fabr.).
1896. Arcania erinaceus, Alcock, Journ. As. Soc. Bengal LXV, p. 268.

The present species can be very easily recognised by the fact that
the carapace is longer than hroad, the fingers are shorter than the hand
and that the surface of the carapace is densely covered with spines, of
which eleven arranged along the margins are more prominent than the
others. Most of the marginal spines are covered with secondary spinules ;
the latter, however, appear to vary with age, and in smaller specimens
are not as prominent as in well grown examples. The front is deeply
bifid, and ends in two short teeth. The ventral surface of the body,
including the external maxillipeds, is sharply granular. The meropodites
of the chelipeds and the walking legs are spiny even in young specimens.
The first walking legs are proportionately long.

I refer to this rather rare species five examples from the Sandheads.

C1670/1 Sandheads, mouth of the River “ Lady Fraser,” Nov. 233,1%
Hughli. 1923.
C1671/1 ’ v ' “Lady Fraser,” Avg., 1Q.

Sept. 1927.
C1672/1 Bay of Bengal, between Pilot “ Lady Fraser,” Feb.,, 1 g.
Ridge Light Vessel and Eastern Mar. 1928.
Channel Light Vessel. 10 miles
N. and S. of Eastern Channel
Light Vessel.

! Balss, Arch. Naturgesch. LXXXVIII, p. 132 (1922).
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My examples agree very closely with the published descriptions of
the species, as also with named examples of it in the Museum collection.
There is, however, one small difference in my specimens. According to
Alcock, all the joints of the walking legs, except the dactyli, and those
of the chelipeds except the distal half of the hand and the fingers are
sharply granular, and this character can be clearly seen in all the speci-
mens that Alcock examined. In my examples, however, the granula-
tion on the basal half of the hand, and on some of the distal joints of
the legs is very obscure.

The anterior margin of the pterygostomian plate is prolonged into a
sharp spine, as is clearly shown in Milne-Edwards’ ! figure of the species.
In the female the ischium of the external maxilliped has a thick longi-
tudinal fringe of hairs about the middle of its surface ; this is altogether
wanting in the male.

Balss 2 has doubtfully included this species in his account of the
Decapoda from Eastern Asia. He had before him only a young female
specimen, having a carapace length of 8 mm. His specimen differs from
the published account of the species, chiefly in having the front more
drawn forwards and not deeply divided into two parts, and in the
meropodites of the chelipeds and the walking legs not being armed with
spines, but being only granular. The marginal spines also do not bear
secondary ‘‘ Dornen,” but only ‘‘kleine Stacheln” In the Indian
Museura collection also there is an immature female, with a carapace
length of about 9 mm. In this example the front is, as in older speci-
mens of the species, deeply bifid, with each part ending in a spine ; the
meropodites of the chelipeds and the walking legs are distinctly spiny ;
and the marginal spines have secondary spines on them, though the
latter are not as prominent as in older specimens. It thus seems pro-
bable that the specimen examined by Balss is not referable to this
species.

In Indian waters 4. erinaceus is known to occur along the east coast
of India, from the Delta of the Ganges to as far south as Pondicherry.
Laurie 3 has recorded it from the Gulf of Manaar. The species is also
known from Singapore (Lanehester 4),

The largest specimen in the Museum collection, a female, has a
carapace length (excluding the posterior spine) of 21 mm., while the largest
male is about 165 mm. long.

Ixa cylindrus (Fabr.).
1896. Iza cylindrus, Alcock, Journ. As. Soc. Bengal LXV, pp. 271, 272.

Iza cylindrus is characterised by the possession of deep and well-
defined channels, with the floor covered with pubescence, on the carapace,
the general surface of which is granular, leaving smooth, polished patches
in places ; by the presence of huge lateral processes, which have generally
the same diameter at their distal ends as near the base, and are abruptly

1 Milne-Edward, in Cuvier's Regne Animal, pl. xxiv, fig. 2 (1838-1849).
2 Balss, Arch. Naturgesch. LXXXVIII, p. 133 (1922).

3 Laurie, Rep. Pearl Oyster Fish. Ceylon V, p. 366 (1906).

¢ Lanchester, Proc. Zool. Soc. London for 1900, p. 766 (1900).
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surmounted by a spine; and by having the buccal cavern somewhat
triangular in shape. The exognath of the external maxilliped has a
concave and smooth surface along its inner edge, and the ischium has a
narrow band of granules along its outer border. The posterior border
of the carapace is not dentiform at the edges. All these characters
appear to be very constant in this species, except the shape of the lateral
processes. As already pointed out by Bell ! the form and size of these
processes show a great deal of variation in this genus, so much so that
on an examination of about a dozen examples referred to the three
then-known species of the genus (including Leach’s specimens) this
eminent carcinologist was led to the conclusion that the genus is mono-

TEXT-FIG. 6.—Ixa cylindrus (Fabr.).

Photographs of three specimens showing the variation in the lateral processes.

typic and that the so called different species represent nothing but
individual variations. Though I am unable to agree with Bell in consi-

1 Bell, Trans. Linn. Soc. London XXI, pp. 311, 312 (18655).
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dering I. cylindrus to be the only valid species of this genus, I fully
support his statement regarding the variation in the lateral processes.
The three specimens from the Sandheads that are in my collection show
this variation very clearly. In one female, with a carapace length of
about 20 mm., the processes are conical, more or less gradually tapering
from a broad base to a finely pointed tip. They are practically straight,
with the distal end of one process slightly bent forwards. In the second,
slightly larger, female the processes have in a general way the shape
described for the first specimen, but they are bent backwards at the base,
and the tips very distinctly point forwards. In the third example, a
male about 17 mm. long, the condition is still different. The process on
the left side of the carapace is like that of the other two examples :
conical, gradually tapering from a broad base to a sharply pointed tip,
which is directed forwards; the other process is distinctly shorter and
is like that of a typical I. cylindrus as described by Alcock and other
authors. It is cylindrical in shape, almost as broad distally as at the base
and the rounded distal end is surmounted by a short, sharp spine. Judg-
ing by the somewhat broken tip, it is likely that at least a part of this
process has been regenerated. The distal parts of all the processes
are smooth, while the rest of the surface is granular. In all other
characters, enumerated above, these specimens agree so closely
with typical examples of the species that to my mind there cannot be
any doubt of their specific identity.

The lateral processes in my example resemble those of I. edwards;
Lucas!, as figured by M.-Edwards,? or to a certain extent even those of
I. tnermis Leach (Alcock). But these two forms (which are probably
identical) differ fromI. cylindrus in a number of important and constant
characters, notably the channelmg on the carapace and the form of the
posterior margin.

It is thus clear that the shape and size of the lateral processes do not
aflord distinguishing characters between the species of the genus Iza.
There are, however, other characters, such as the channels on the carapace,
the form of the posterior border, the shape of the buccal cavern, etc.,
on the basis of which the species can easily be separated.

I refer to this species three examples, 1 male and 2 females, collected
at the Sandheads between 1924 and 1927. Two of these were obtained
by “ Lady Fraser,” while the single male was collected by ““ Fraser”

Besides these three, I. cylindrus is represented in the Indian Museum
collection by specimens from Port Blair in the Andamans, Madras coast
and from the Palk Straits between India and Ceylon. Laurie 3 has also
recorded the species from near the latter locality and Miss Rathbun ¢
obtained examples in the Gulf of Siam. Thle ® gives the distribution of
the species as Kilwas (coast of British Fast Africa), India, Singapore
and Thursday Island.

1 Lucas, Ann. Soc. Fnt. France (3) VI, pp. 184-186, pl. iv, fig. 3 (1858).

2 Milne-Edwards, 4Ann. Soc. Ent. France (4) V, pp. 156-158, pl. vi, fig. 1 (1865).
3 Laurie, Rep. Pearl Oyster Fish. Ceylon V, p. 366 (1906).

¢ Rathbun, Kong. Danske Vidensk. Selsk. Skrzft (7) V, p. 314 (1910).

5 Thle, Siboge Exped. Rep. XXXIX b2, p. 314 (1918).
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Ixa inermis Leach, Alcock.

1896. Iza inermis, Alcock, Journ. As. Soc. Bengal LXV, pp. 272, 273.
1906. Iza inermis, Nobili, Ann. Sci. Nat. Paris (9) IV, pp. 171, 172.
1918. Iza sp., Ihle, Siboga Exped. Rep. XXXIX b2, pp. 267, 268.

Iza vnermis can be easily distinguished from the foregoing species by
the fact that the channels on the carapace of the latter species are re
presented in the present form by shallow, impressed grooves withou®
any definite margins; the posterior border of the carapace has ol
each end a petaloid process directed backwards and outwards; the
buccal cavern is distinctly quadrate owing to the eversion of the outer
lip of the afferent branchial channel; the ischium of the external
maxilliped is covered over with pearly tubercles and is strongly convex,
except for a small part along the inner border, where it is grooved ;
and the exognath is also strongly convex, except for a small distal por-
tion, where it is hairy and markedly depressed. The lateral processes
are proportionately short, are thick at the base and taper distally to a
fine point ; the distal part of the process is smooth, while the rest of
the surface is densely granular. The surface of the carapace and the
ventral surface of the body is granular, more densley so in some parts
than in others. The gastric region has three prominent convexities,
dotted over with granules, and the tumid intestinal region is surmounted
by a blunt, somewhat elongated tubercle. The front is distinctly
bilobed, each lobe ending in a blunt téoth-like projection. The sternum
of the first thoracic somite (at the base of the cheliped) is raised into a
large and prominent area, covered with pearly granules. A similar area
is present in the female of I. cylindrus also, but is not so much raised or
prominent as in the present species.

The large female specimen in the Siboga collection described by
Ible is undoubtedly referrable to I. snermis of Leach, as defined by
Alcock. All the characters mentioned by Ihle agree with Alcock’s de-
scription of the species. It is difficult definitely to assign the other
smaller example in the Siboga collection to any species, as Ihle has not
mentioned any characters by which it can be recognised.

Leach’s ! figure of I. inermis does not agree with Alcock’s descrip-
tion of the species, chiefly as regards the shape of the lateral processes.
In Alcock’s I. imermis the process is thick at the base, and gradually
tapers to a point, where it is surmounted by a sharp smooth spine, some-
what similar to the spine of I. cylindrus. In Leach’s figure this process
is seen to taper distally only slightly, is somewhat rounded at the tip,
and has no sharp spine at the end. Miers,2 who evidently examined
Leach’s type-specimen, also described the processes as ‘‘ somewhat
narrowed distally ”” and ¢ without terminal spinules.” The other charac-
ters of the species that can be judged from the figure and the scanty
characterisation of Leach agree with Alcock’s description. The shallow
grooves on the carapace and the petaloid tubercles on the posterior
margin are very characteristic of this species. The lateral processes in
this genus, as has already been remarked, appear to be very variable

1 Leach, Zool. Musc. 111, p. 26, pl. cxxix, fig. 2 (1817).
2 Miers, Challenger Brachyura (Zool. XVII), p. 301, foot-note (1886).
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in shape and size. Until a more detailed description of Leach’s type-
specimen, especially with reference to its buccal cavern and the external

TEXT-FIG. 7.—]za tnermss Leach,
a. Dorsal view of a female specimen.
b. Ventral view of the anterior part of the body, enlarged.

maxillipeds, is given, the doubts regarding this species cannot be defi-
nitely cleared up. I am, however, of the opinion that Alcock’s I. iner-
mas 18 identical with the form described by Leach under that name.
I give here a figure of I. inermss, as understood by Alcock. The speci-
men on which the figure is based is from the Sandheads, and agrees in
every detail with Alcock’s examples of the species.

I. edwardsi was originally described by Lueas ! from a fossil, but the
description was amplified by Milne-Edwards ? from a living example
trom Zanzibar. From the nature of the grooves and the presence of

! Lucas, 4nn. Soc. Ent. France (3) VI, pp. 184-186, pl. iv, fig. 3 (1858).
2 Milne-Edwards, Ann. Soc. Ent. France (4) V, pp. 156-158, pl. vi, fig. 1 (1865).

H
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petaloid tubercles on the posterior margin of the carapace this species,
as remarked by Miers,! Nobili and others, appears to be identical with
I. wnermis Leach. The shape of the lateral processes is somewhat
different in the two, but as already pointed out, these structures appear
to be very variable in the genus Iza.

I refer to this species one large ovigerous female from the Sandheads.
The carapace is 25 mm. long, and the breadth, including the lateral
processes, 13 58 mm., while excluding these the carapace is 35 mm.
broad. There are a few barnacles attached to the carapace.

C1642/1 Sandheads, mouth of the “ Lady Fraser,” Sept. 1 Q ovigerous.
River Hughli. 1926,

1. inermis appears to be a rather rare species. Besides the Sand-
heads example, there is in the Indian Museum collection a large female
from off the Ganjam coast, and another young specimen from the Per-
sian Gulf. The species has so far been recorded from the Red Sea
(Nobili), Persian Gulf, Ganjam coast (Alcock), Indian Archipelago (Ihle)
and North Australia (Haswell).2 Milne-Edward’s example of I. edwards?
(=1. inermis) was collected at Zanzibar.

Family DorippIDAE.
Sub-family DORIPPINAE.

Dorippe dorsipes (Linn.).

1896. Dorippe dorsipes, Alcock, Journ. As. Soc. Bengal LXV, pp. 277, 278
1916. Dorippe dorsipes, Ihle, Siboga Exped, Rep. XXXIX bl, pp. 148, 149,

I refer to this common Indo-Pacific species two examples collected
by the Pilot vessel ‘“ Lady Fraser ” at the Sandheads in May, 1927,
Both the specimens are males, and the larger of the two has a carapace
length of 30 mm.

My specimens agree closely with Alcock’s description of the species,
except for the fact that the carapace is slightly broader than long, as
was observed by Miss Rathbun in her examples from the Gulf of Siam,
and by Ihle in the Siboga material. In the smaller example from the
Sandheads (with a carapace length of 24 mm.) the 4th tergum of the
abdomen has, in addition to the large median tubercle, a small acute
tubercle on each side.

D. dorsipes has a wide range of distribution in the Indo-Pacific region,
having been recorded from the east coast of Africa and the Red Sea to
Japan and west coast of Australia.

Dorippe facchino (Herbst).
1896. Dorippe facchino, Alcock, Journ. As. Soc. Bengal LXV, pp. 278, 279.

I refer to this species 13 examples from the Sandheads. Of these,
7 are males, the largest having a carapace length of 28 mm., and 6 are

1 Miers, Challenger Brachyura (Zool. XVII), p. 301, foct-note (1886).
2 Haswell, Cat. Australian Crust., p. 132 (1882),
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females ; some of the latter are ovigerous. Most of the specimens agree
with the typical examples of the species, and not with the specimens
that Alcock doubtfully referred to as ? D. granulata de Haan. The
latter, as Nobili! pointed out, are different from de Haan’s species, and
as Alcock himself had suggested, represent a new variety of D. facchino.
Nobili designated this variety as alcocks.

The variety alcocki does not differ very markedly from the forma
typica, but, as pointed out by Alcock and Nobili, can be distinguished
from it on account of the carapace and the walking legs of the last two
pairs being less hairy and more granular, the first two pairs of walking
legs being devoid of hair in both the sexes, and by the chelipeds of the
male being more or less symmetrical. Also the sternites of the abdomen
of the male in the forma typica ? are entirely unarmed, while in the variety
there are low tubercles on some of the sternites.

Besides the scanty pubescence on the carapace and the last two
pairs of legs, the most constant distinguishing character in the variety
is the absence of hairs on the first two walking legs in the male. In
some specimens of the forma typica also the legs are more scantily clad
than is usually the case, and sometimes the third legs are totally devoid
of hair. The pubescence on the carapace also appears to vary in the
species ; in some Specimens the carapace is more or less densely hairy,
while in others the pubescence is scanty. The asymmetry between the
two chelipeds of the male is less marked in the variety than in the typical
form, but in some examples of the former it can be clearly seen. All
the male specimens of the variety that Alcock had examined are rather
small, and this may perhaps account for the apparent symmetry between
the chelipeds.

Out of the thirteen specimens that I have referred to this species,
only two male examples are referrable to the variety alcocki. The
larger of the two has a carapace length of 11 mm., and both shows all the
features that characterise the variety. The two chelae are only slightly
asymmetrical.

D. facchino is represented in the Indian Museum collection by a large
number of examples collected along the east coast of India, and from
the Andaman Islands. The variety (registered in the collections under
Alcock’s name of D. granulata) has also been collected from several
localities in the Bay of Bengal. Both the species and the variety appear
to be fairly common in the Indo-Pacific region. The species is known
from the east coast of India, the Indian Archipelago and Hongkong;
while the variety, according to Thle,? is recorded from the Bay of Bengal
and Singapore. The two male examples recorded by Laurie? from the
Gulf of Manaar appear to be referrable to Nobili’s variety alcocke, in so
far as the carapace is less hairy and the first two pairs of walking legs are
devoid of hairs.

Most of the Sandheads specimens carry bivalve shells on their backs.

1 Nobili, Boll. Mus. Zool. Torino XVIII, No. 455, pp. 25, 26 (1903).

2 In very young males of the forma typica also low tubercles are present on some of
the abdominal sternites.

3 IThle, Siboga Exped. Rep. XXXIX bt, p. 156 (1916).

¢ Laurie, Rep. Pearl Oyster Fish. Ceylon V, p. 367 (1906).
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Family RANINIDAE.

Raninoides personatus Henderson.
1896. Raninoides personatus, Alcock, Journ. As. Soc. Bengal LXV, p. 293.

R. personatus is a common species in the Bay of Bengal. I refer to
it b examples collected at the Sandheads between the years 1923 and
1927  Four of these are females, three being ovigerous and the largest
having a carapace length of 27 mm., while one is a male, the carapace
of which is a little over 23 mm. The specimens agree closely with
Henderson’s ! and Alcock’s descriptions of the species, except for the
fact that the number of teeth on the inner border of the hand is not
constant. According to the authors mentioned above there are three
teeth on the inner border of the hand, and Henderson’s figure also shows
three such teeth. In my specimens, however, only one female has three
teeth on the inner border of both the hands; in one there are four on
each side ; in two examples there are four teeth on the right hand and
three on the left ; while in the fifth there are three teeth on the right
hand and four on the left. I have also examined ten examples of this
species from the older collection in the Museum, and find the same
difference-in these. Only one specimen has three teeth on each hand ;
four have four teeth on the right hand and three on the left ; two have
three teeth on the right hand and four on the left ; two have four teeth
on each hand; while one example differs from all the rest in having
four teeth on one hand and five on the other. In some specimens the
tooth on the proximal end of the hand is rather small, while in others
all the teeth are well developed. It thus appears that in this species
there are generally 3-4 teeth, but rarely five, on the inner border
of the hand.

R. personatus is represented in the Museum collection by specimens
collected mostly off the eastern coast of India, and by two examples off
the Burma coast. Henderson’s examples were collected off Amboina
Island in the Moluccas. The species lives for the most part in shallow
waters, but a specimen in the collection from off the Burma coast has
been dredged at a depth of 90 fathoms.

1 Henderson, Challenger Anomura (Zool. XXVII), p. 27, pl. ii, fig. 5 (1888).



DESCRIPTIONS OF REMARKABLE INDIAN PSYCHODIDAE AND
THEIR EARLY STAGES, WITH A THEORY OF THE
EVOLUTION OF THE VENTRAL SUCKERS
OF DIPTEROUS LARVAE.

By A. L. TonNoIR, Canberra, F. C. T., Australia.
(Plate II.)

While making .ecological observations in February and March in
the Teesta valley on the inhabitants of waterfalls, Dr. S. L. Hora
“ observed that rocks on the sides of waterfalls which are kept moist
by the spray harboured a very peculiar fauna. Small stones and
pebbles were covered with young stages of Blepharocerid larvae and when
collecting them I noticed! some very peculiar larvae and pupae of a
Psychodid fly. I did not examine the material very carefully so as to
differentiate the various types represented in it, but I was, however,
aware of the importance of the find as I had seen similar larvae and
pupae figured by Miiller from Brazil. In no case were the larvae and
pupae found submerged under water and the flies were found hopping
about on wet rocks near the lips of the falls or in their immediate
vicinity ”

Dr. Hora intended to make a study of this material and took it with
him to Europe, where he showed it to Dr. Edwards at the British Museum.
It so happened that Dr. Edwards had a few days before seen some similar
larvae in"a collection of Simulium larvae made by Thienemann and
Feuerborn in Java and knew that the latter was preparing a paper on
this interesting animal Hora then relinquished his intention of dealing
himself with the subject and sent his tubes to me. In the meanwhile
I had found some of these larvae in the tubes containing numerous
Blepharocerid larvae from the same localities which had been submitted
to me for study by Hora some time before. I sent one of these to
Feuerborn asking him to let me know whether it was similar to the form
he was then studying. He replied that not only was his Javanese larva
similar but also conspecific with Hora’s and he, therefore, intended to
record in his paper the presence of this species in India and to name it
M. indica on account of its geographical distribution. However, a
careful comparison of both larva® has convinced me that they belong
to different species although they are undoubtedly congeneric.

In the meanwhile the material sent to me by Hora from England
reached me, and was found to contain—

(1) A number of larvae, two damaged pupae and a few imagines in
spirit of the species here described as Telmatoscopus (Neotel-
matoscopus) horai, sp. nov.

(2) Three larvae (gone dry after being kept in spirit) and numerous
pupae of Horaiella prodigiosa, sp. nov.

1 T quote here & passage from one of Dr. Hora’s letters.

[ 63 1
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(3) A lesser number of pupae of another species of the same genus,
H. consimilis, sp. nov., some of the pupae were preserved dry
@ situ on a piece of rock.

In order to complete this fragmentary material Dr. Hora in March,
1932, sent Mr. D. D. Mukerji to the Teesta valley and secured an
abundant collection consisting of numerous specimens of all the stages
of T horat, including a large series of pinned flies of this species, with
which were associated a few larvae of a second species of Telmatoscopus
and numerous pupae of H. consimilis and H. prodigiosa, all from the
original locality or its vicinity.

This enumeration shows that some of the missing stages have not
yet been found. As, however, no further opportunity was likely to occur
of completing this material before the end of the year, Dr. Hora pressed
me to publish an account of what was on hand.

I am doing this rather reluctantly because my account is not as
complete as one could wish, especially so far as Horatella is concerned ;
however, by extracting the nearly mature fly from the pupae of the
two species of this genus I have been able to gain a fairly good knowledge
of the adult stage and to establish, therefore, a sufficient definition of
the genus,

I am most grateful to Dr. Hora for giving me the opportunity of
making known these most interesting animals and tender him here my
most sincere thanks. In order to perpetuate his wonderful discovery
I am dedicating the new genus Horaiella and one of the new species of
Telmatoscopus to him.,

All the types have been returned to the Indian Museum.

Horaiella, gen. nov.

Body and wings almost bare; antennae elongate, filiform, with
cylindrical segments, apparently 17 segmented$ eyes round without
bridge. Wing with only 8 longitudinal veins, some of which form three
contiguous forks on the disc. Larva aquatic, broadly oval and provided
with a single large ventral sucker. Pupa oval, very flat with incomplete
segmentation of the abdomen.

Genotype :—H. prodigiosa, sp. nov.

The two species which I include in this new genus can easily be dis-
tinguished in the adult stage by the venation, the two anterior forks
being at widely different levels in H. prodigiosa and at the same level in
H. consimilis ; in addition the confoymation of the genitalia is quite
characteristic in both sexes of the two species. For the males compare
figs. 1f and 2b and for the females figs. 1l and 2d. The pupae differ
in the shape of the breathing horn, as shown in plate ii, figs. 3 and 5.
The larva of only one of the two species is known.

Horaiella prodigiosa, sp. nov.

Male.—Colouration not available. Eyes rounded without a trace of
bridge on the vertex. Antennae (fig. 1d) in appearance 17 segmented
and when fully extended! about as long as, if not longer than the

1 Tt must be remembered that the description is drawn up from an immature fly
extracted from the pupa and, therefore, not fully extended,
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wings. First segment small ring-shaped ; second globulous; those of
the flagellum perfectly cylindrical, the basal ones very long, the others
gradually diminishing in length ; but the penultimate segment is longer
again than the preceding one and the last segment is only half as long
and half as thick, and is not distinctly articulated with the preceding
one. This last segment is analogous to the apiculus of the last segment
of the Bruchomyiinae for instance, but in the species of that subfamily
there is not even a distinct suture between the apiculus and the segment,
yet Alexander (1929) considers it to be the 17th. The bristles of the
flagellum are not numerous and not longer than the diameter of the
segment. A single rather long elbowed ascoid (fig. 1b) is present on all

TExXT-F16. 1.—Horaiella prodigiosa,sp.nov.

a. Extremity of antenna of male ; . A median segment of antenna of male ; c. Apex
of anterior tibia; d. Apex of posterior tibia ; e. Last tarsal segment ; f. Hypopygium
with gonopods removed, lateral view ; g. Part of hypopygium seen from behind ; .
Pumpetta of penis ; 7. Apex of filament of penis ; j- Mouth-parts of female ; k. Ovipositor ;

l, Subgenital plate,
12
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the flagellar segments except the last two; rather numerous sensory
pits. surrounded by setulae, are found on the last few segments.

Palpi four segmented ; their actual relative lengths are not ascertain-
able as the segments are not fully extended ; the second is apparently
the longest; the small basal segment present in Nemopalpus and
Phlebotomus is here not distinguishable ; the first two segments carry
very few bristles. The mouth parts are not more developed than in the
Psychodinae, there are no mandibles as in the female ; the pharynx is
large, as in Phlebotomus, but without sculpture or bristles on its posterior
part.

Thorax bare but for the following chaetotaxy : 4 anterior, 8 lateral
plus 1 small behind, 4 scutellar and 2 mesonotal.

Legs moderately elongate ; tibiae and basitarsi with regular longi-
tudinal rows of mjcroscopic setulae, the rest of the tarsi practically bare.
The anterior tibiae are provided with an apical comb (fig. 1c) and a cons-
picuous strigil, whereas the posterior tibiae have a pair of strong apical
spines which may be homologized with tibial spurs (fig. 1d). These
spurs are absent in the rest of the family. Basitarsi about as long as the
tibiae and about twice as long as the four other tarsal segments together,
the last one about twice as long and thick as the preceding one ; it is
provided with an apical dorsal flap ; the claws are unequal, one being
long, thin and gently curved and the other short, broad and abruptly
elbowed near its base ; the long claw is provided with a long bristle-like
basal projection (fig. le) ; empodium well developed, plumose.

Wing elongate and very similar in shape to that of Phlebotomus ;
the base is narrow without a distinct anal lobe and the alula is small ;
the apex appears to be rounded and is located between the tips of R
and M;. Sc ends in R,, there is no trace of Sc,, but h is present. The
first branch of Rs is single but the second branch is forked so that the
radial sector is composed of only three branches, as in the Trichomyiinae ;
M, and M, branch rather far from the base, much further than is usually
the case in the family except in the Bruchomyiinae. The venation of
this species is similar to that shown in fig. 2a, but the three forks are at
different levels ; that of M; M, being located midway between the two
others.

The vestiture of the wing is exceedingly scanty ; there are only a
few macrotrichia along the veins (all of them are represented in fig. 2a).
The fringe is meagre and short but somewhat longer on the posterior
border near the base ; a conspicuous tuft of 8-10 long bristles is present
on the small alula. The wing fringe is characterized especially on the
anterior border by the presence of small bristly hairs or spinules dis-
posed at regular intervals, they are larger and coarser than the ordinary
small hairs of the fringe and can easily be distinguished among them,

The abdomen is very flattened dorso-ventrally, but it may, of course,
assume a more cylindrical shape in the mature fly ; the chaetotaxy of the
abdomen consists of one row of 6 long bristles on the first segment and
two rows of six on the second, the following segments have only a few
very small hairs.

The hypopygium of the immature fly enclosed in the pupa is of course
in its normal position and it is impossible to say if it will be inverted
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later in the mature imago, as is the case in all the Psychodidae except
Sycorax. The general aspect of the hypopygium resembles that of
H. consimilis shown in fig. 2b, but it differs in the structure of the
internal parts, which are shown in fig. 1 f and g. The large coxites are
fused together and with the 9th sternite, and thus form a large capsule ;
the style is subcylindrical, very elongate, rounded at the apex and gently
curved inwards ; its inner side is provided with about 8 strong spines
between which are some smaller spinules, The aedeagus is as shown in
fig. 1f, which represents in profile the hypopygium from which the coxites
and styles have been removed ; it carries on each side an elongate,

spathulate projection, which may be the parameres. The penis is of
the bifid forked type (fig. 1 & and ¢) ; the filaments are moderately elongate
and have their origin in an ampulla to which is attached a posterior rod,
both forming thus a pumpetta similar to but not so evolved as that of
Phlebotomus ; the 9th sternite has two lateral lobes, which are homologous
with what Feuerborn calls cercopods in the Psychodinae but they are
pot articulated to the sternite ; their apex is spathulate and carries a
large number of fine tenacular hairs ; on the internal side, interior to the
base of these lateral lobes is a pair of complex structures the lower distal
part of which seems to be the cerci but the pectinated part is not easy to
bomologize ; the anus appears to be at the point marked * a ” in fig. 1g.

Length of wing: approx. 2-6 mm.

Female.—Similar to the male in most respects; the antennae are
identical, including the ascoids, but the sensory pits of the last segments
are less numerous,

The mouth parts (fig. 15) are relatively more elongate, longer than the
head ; the mandibles are as long as the labrum; the hypopharynx
is ﬁnely toothed on its inner margins ; the maxillae are not more deve-
loped than in the Psychodinae ; the lack of development of the maxillae
casts some doubt on the possibility of this species being a blood sucker,?
for fully-developed mandibles associated with reduced maxillae are
found in females of some Blepharoceridae and Ceratopogonidae which
are not haematophagous. Palpi as in male. The anterior tibiae have
strigils as shown in fig, le. The cerci (fig. 1%) are not developed into a
long ovipositor ; the sub-genital plate is as shown in fig. 1.

Holotype—On slide, from “ stream three miles from Teesta,” Tth
February 1931, S. L. Hora. Allotype on ‘slide from Luch-chu Jhora,
Teesta Bridge, 25th March, 1932, D. D. Mukerji.

Pupa.—(Plate 1i, figs. 1 and 2) testaceous orange on the dorsal face,
which is smooth but hard, the underside soft and whitish ; its outline is
elongate oval as shown in plate ii, and the contour of the body is not
broken by the segmentation, even the intersegmental sutures of the first
few abdominal segments do not reach the sides of the body whereas
those of the last segments reach the sides: the median suture of the
thorax through which the emergence of the fly occurs is not distinct
except in the cleared pupal exuvium.

The prothoracic breathing horn (plate ii, fig. 5) is quite different
from that of the other pupae of the Psychodidae, in which the distal

1In a recent letter Dr. Hora says that while collecting in the localitiox where this
species js abundant he has never been bitten by it.
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part of the horn carries a number of small round ecraters closed by a
membrane ; Maruine may be an exception to this as the figures given by
Miiller show an apical slit on the pupal horn. In Horatella the stigma
opens at the bottom of a deep fold of the horn, the sides and borders of
this fold being covered by a fine striation (plate ii, fig. 4). This organ
functions differently from the usual prothoracic horn of most aquatic
dipterous pupae ; it is more akin to that of the Blepharoceridae in which
the fully open prothoracic spiracles are surrounded by lamellae, whose
function is to retain a bubble or a layer of air on their corrugated or
velvety surface; the gaseous interchange necessary for breathing takes
place between this small volume of air and the oxygen in solution in the
water. The fine striations of the horns of Horaiella pupae must act in
the same way. The adhesion of the pupa to the substratum is very
strong. Judging from some pupae <% situ on a small piece of rock which
was submitted to me, the animal when ready for pupation selects a little
hollow or fold in the rock so that the edge of the flat pupal body is in
perfect contact. with the rock. The adhesion seems to take place all
round the edge of the body but-the sticking fluid must also act on other
parts of the under side, because sometimes, in detached pupae some tiny
pieces of the rock, which is of a friable nature, still adhere to the ventral
surface of the pupa, either on the wings or on the leg-sheaths but not at
definite places.

Length of pupa : 2mm. width 1-2 mm. The female pupa is usually
somewhat larger.

Larva'.—The specimens here studied were on the verge of pupation ;
when cleared in caustic potash, the typical pupal horns, as shown in
plate ii, fig. 5, were found inside the body, so that there is no doubt as
to their identity.

The figs. 6, 7 and 8 on plate ii give a good idea of the general aspect
of this extraordinary larva, which is broadly oval as depicted for Maruina
by Fritz Miiller, but it is not particularly flat. The length of the body
1s about 2 mm. ; its colouration brownish above, which is due to the
numerous dark tiny granulations of the integument ; the head is orange,
the anterior dorsal plates of each segment are blackish and the posterior
ones orange with an infuscated part in the middle.

The head is almost hexagonal and is inserted well under the first
tergite, it leans obliquely downwards; its chaetotaxy is not much
developed, as can be seen from plate ii, fig. 9. The antennae are much
longer than is usual in the family except in Sycoraz ; they are composed
of a small annular basal segment and of a long distal one which carries
sensory cones at the end. The labrum is provided anteriorly with two
comparatively large sensory rods similar to those found in some Chiro-
nomid larvae ; the premandibles are present, as in all the larvae of the
family except perhaps in Phlebotomus ; the mandibles are inserted obli-
quely and do not meet, they are provided with a longitudinal comb on
the outside (plate ii, figs. 10 and 11) which is intended to work in con-
unction with the posterior portion of the maxilla, which is modified

1 The description of the larva is drawn up from three specimens, two of which are
very defective, owing to the drying up of the tube during transit. The description on
account of the paucity of material is, therefore, not absolutely complete.
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into a similar comb ; this part of the maxilla is articulated to the head
capsule along itslength, so that mandibles and maxillae can both work
together as a carding machine. This is a highly peculiar arrangement
which, to my knowledge, has never been recorded in a dipterous larva,
and 1s widely different from what is found in other Psychodid larvae.
The mentum is but little developed, it is not toothed but is provided
with a flat brush of fine hairs,

The segmentation of the body may at first sight appear to be different
from that of other Psychodid larvae on account of the broad and short
shape of the body, but actually it is not so. There aré seven fully
developed abdominal segments, the 8th, 9th and perhaps the 10th being
modified to form the breathing armature. All the unmodified segments
carry two sclerotized dorsal plates, but in the first thoracic segment
the plates are broader and somewhat diffused in the integument ; the
two sections of this first segment are much more developed than the
others, the anterior stigma are placed on the second division of the first
segment and well on the dorsum of it ; they are more or less olive shaped
as shown in plate ii, fig. 12. The sides of this segment are provided
with a few coarse lateral bristles. The thoracic segments 2 and 3 have
on both sides a peculiar organ which is shown more highly magnified
in plate ii, fig. 13. It is not clear whether these are spiracles oy the
scars of such organs nor whether the dark piece provided with bristles
18 an operculum which can be brought down to close the circular opening,
which does not appear to be closed by a membrane. It has not been
possible to detect if this organ is connected with the breathing system ;
it does not appear to be so but more material is needed to ascertain this
point. The only abdominal spiracles are those of the eighth segment,
this larva is, therefore, amphipneustic like all the rest of the family except
Neotelmatoscopus, in which the anterior spiracles are not functional.
Each of the thoracic segments 2 and 3 carries two very narrow dorsal
plates in every way similar to those of the abdomen. The anterior one
is narrower and darker, the posterior is infuscated in the middle only.
The plates bear a number of bristles, as in other larvae of the family,
but in this case they are exceedingly small. The caudal breathing
armature is of a type quite unusual in the Psychodidae ; it could be
more fittingly compared to that of an aquatic Tipulid larva, in which
a spiracular chamber is formed between the bases of several fleshy,
more or less elongated lobes, the spiracles being lodged at the bottom
of such a cavity. Here the cavity is formed by two latero-dorsal plates,
a median extensible membrane, which is usually folded, and, lastly, by
& semicircular plate carrying two rather thick processes and two thin
ones. The spiracles are not placed at the bottom of this chamber but-
near the apex of the latero-dorsal plates on their ventral face ; they are
surrounded by a fan of rather long bristles, which are scarcely visible
from above. The median dorsal lobe is formed by a thick membrane,
folded like a fan and with its distal half doubled under the basal half ;
1t appears that this membrane can be unfolded and extended distally
when the latero-dorsal plates are pulled apart ; its function may be to
clean the spiracles when it comes to be extended ; in fig. 6 on plate ii
1t is represented with its distal half doubled under, but in fig. 14 on the
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same plate it is shown extended though not unfolded towards the sides.
The two thick finger-like terminal processes are each provided with a
double row of hairs ; I do not think that they are to be homologized with
the cerci, as they are not placed on the tenth but on the ninth segment ;
they are the homologues of the larger processes of the flabellum of the
Psychodinae larvae, which Martini (1928) considers as belonging to
the ninth segment whereas Feuerborn considers them as the cerci. The
two small styles of the last visible segment are more in the nature of
sensillae and have apparently no homologues in other Psychodid larvae.
The anus is placed below the dark three-branched sclerite which is seen
under the body at the base of the two terminal processes.

The ventral side of the body exhibits a most peculiar structure in the
shape of a very large sucker, the edge of which is formed by a rather
thin membrane composed of very fine and numerous agglutinated hairs.
On account of the paucity of material for sectioning and dissecting, it
has not been possible to ascertain on to which segments this sucker
extends, especially anteriorly, but it seems that only the first thoracic
sternite is not included in it ; at the posterior end, as it extends right
to the anus, it is clear that the ninth abdominal segment is included within
the sucker. The ventral surface within the fringe is concave, its coloura-
tion is pale as the skin is there rather thin and soft ; there is a slight
indicétion of segmentation in the shape of darker transverse lines, along
which there are in certain parts, especially in the middle, very weak and
small fringes of hairs similar to those of the edge of the disc ; similar
hairs are also present on the middle of the sternites. These hairs have
not been represented in plate ii, fig. 7, so as not to complicate the draw-
ing and destroy the effect of concavity of the ventral surface which I
have not too well succeeded in bringing out in the drawing.

As this larva is provided with only one sucker it is clear that it is
unable to move on the substratum by reptation movements which
would tend to destroy the vacuum within the sucker. It has, therefore,
evolved other means of locomotion in the shape of a modification of the
edge of the eighth or ninth segment which is produced in a ridge or curtain
provided with a double row of conspicuous hooks; the movement of
this curtain backwards and forwards allows the animal to glide on the
stones. This proleg is composed of two symetrical parts, as indicated
by tlie small but quite distinct median indentation ; this double organ
appears, therefore, to be the homologue of the posterior proleg of the
Chironomid larvae, in which case it would be part of the ninth sternite.

On each pleura of the abdominal segments 1-7 there is, just against
the fringe of the sucker, a small brush of hairs inserted on a little stalk
and also some sensory setae on the fringe itself (not figured); these
apparently have only a tactile function.

Horaiella consimilis, gp. nov.

Male.—Very similar to that of the preceding species, from which it
differs only in the wing venation and the structure of the hypopygium.
The anterior and the middle fork on the disc of the wing are approxima-
tely at the same level. The general aspect of the hypopygium is the
same as in the genotype, the gonocoxites and styles being identical and
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equally developed. TFig. 2b shows this organ from above on the right
and from below on the left ; the dorsal part has a simpler structure than
R,

Rers

TEXT-FIG. 2.—Horaiella consimilis, sp. nov.

a. Wing with all hairs represented in position ; b. Hypopygium, right-half ventral
vie:,ve and left-half dorsal view ; ¢. Hypopygium, 9th tergite and cerci; d. Subgenital
plate.
in H. prodigiosa, the side lobes of the ninth tergite are small (fig. 2c)
and carry only a few rather long bristles ; the cerci are short, more or
less club-shaped and provided distally with a large number of short
blunt spines.

The female differs only in the shape of the subgenital plate, as shown
in fig. 2d, the two pairs of lobes are not found in any other Psychodid.

Pupa (plate ii, figs. 1 and 2).—It is somewhat smaller than that of
H. prodigiosa and the breathing horns are provided with a very thin,
elongate stalk which enables one to identify the species at first sight.

Larva.—Unknown.

Holotype.—Teesta Bridge (stream three miles from) 7th February
1931. 8. L. Hora.

Allotype with Holotype.

Paratypes with types and at Luch-Chu Jhora. D. D. Mukerji,
March 1932.
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It now remains to discuss the affinities of this strange insect.

The antennae of the fly are of a primitive type, similar to those of
Phlebotomus and with the same kind of ascoids but there is one more seg-
ment. The terminal segment may, of course, be a specialisation due to
the modification of the extremity of the 16th segment, because, as men-
tioned above, this apical section is not truly articulated on the 16th
segment. The round eyes are found in all genera of the family
except those of the Psychodinae ; the palpi are four segmented, as in
all genera except Phlebotomus, Nemopalpus and Bruchomyia. The
well developed toothed mandibles have their equal only in Phlebotomus.
The lack of long hairs or scales on the body, legs and wing is unparal-
leled in the family although Sycoraz is comparatively less hairy than
the other genera. The conformation of the tarsi is more akin to that
of the Psychodinae ; the strong development of the last segment is an
adaptation allowing the insect to cling to rocks in strongly ventilated
places ; the dorsal flap of this segment is also present, but much less
developed than in the Psychodinae,

TexT-F16. 3.—Wings of Fophlebotomus, Eatonisca and Phlebotomus.

a. Eophlebotomus after Edwards ; b. Eatonisca from Eaton’s manusoript ; c. Wing
base of Phlebotomus sp.
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The wing shape and the venation find their strongest affinities with
those of Phlebotomus. The wedge-shaped narrow base without any
trace of anal lobe and the reduced alula is almost exactly as in the latter.
As the venation of Phlebotomus has seldom, if ever, been correctly inter-
preted or even figured, I am giving here (fig. 3c) an exact drawing of the
base of the wing of an Australian species of the minutus group, in which
it will be seen that Cu is a very short strong vein and An is very doubt-
fully to be traced at the base. In both genera Sc runs straight into
R,, and M, is four branched ; but the main difference lies in the conforma-
tion of the radial sector, which is four branched and of the pectinated
type in Phlebotomus and only three branched in Horaiella ; however, in
this latter genus, although it seems that the first branch of Rs is simple
and represents R,+, and the second branch is forked and represents
R, and Ry, it is not certain that this is really the case, the anterior vein of
the latter fork may be R, whose base has switched over to R, ; instances
of such a switching over of the base of R; can be found in other species
of the family (Psyckoda aberrans Tonn. and an, as yet, unnamed species
of Telmatoscopus). What seems to give some weight to this interpreta-
tion is the lack of any macrotrichia on the base of that vein which is
marked R, in fig. 2a but on the other hand, if the venation of Horaiella
is compared with that of two fossil genera of the family, Eatonisca and
Eophlebotomus, it seems as if the first branch of Rs might be a simple
vein on account of the loss of R,. Eatonisca tertiaria has been described
by Meunier (1905) from the baltic amber, the complete insect being
figured ; the venation as given by Meunier is somewhat puzzling on
account of the presence of an unusual cross vein and the bifurcation of
the veins at the base of the wing. Fortunately the type of this species
had been loaned by Meunier to Eaton who made a new drawing of the
venation of the only good wing. This drawing and a few comments on
it were included in the uncompleted manuscript which Eaton was pre-
paring on his extensive collection. Thanks to Dr. F. W Edwards’
kindness his collection and manuscript have been loaned to me for
revision by the authorities of the British Museum. This revision will
appear shortly in some other publication. I am giving here (fig. 3b)
a reproduction of Haton's drawing of the wing of Eatonisca tertiaria ;
from this it will be seen that, firstly, there is no basal cross vein and that,
therefore, the anterior basal cell is large and shaped as in Sycoraz or
Trichomyia and secondly, that the base and a part of the posterior
margin was so broken that the shape and the length of Cu and An are
purely hypothetical in Meunier’s as well as in Eaton’s drawing. What
is specially to be noted, however, is the three-branched condition of
Rs. If one now refers to the wing venation of Eophlebotomus connec-
tens Cog. as given in the amended drawing of Edwards (1929) made
from the type (fig. 3a), one sees how closely Eatonisca and Eophlebotomus
agree in spite of the four branched condition of the radial sector in the
latter genus ; a study of this part of the wing allows one to conclude,
without much doubt, that it is one vein of the anterior branch of the
sector which has disappeared in Eatonisca. It should be remarked that
in Eophlebotomus Cu is a decidedly shorter vein and, therefore,
approaches the condition found in Horazella.
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If we now compare the venation of Horatella with that of these two
genera, and with that of Phlebotomus, we note that the unbranched Sc
running straight into R, the short basal cell, the extremely short Cu
and the apparent absence of An, as well as the presence of some regularly
spaced spinules on the costa are characters which are also shared with
Phlebotomus. The three-branched condition of the radial sector, brought
about by the loss of one vein of the anterior branch, is found in
Eatonisca in which the conformation of Rs would be the same as in
Horazella if the base of the vein marked R,+; in fig. 2a were shifted
towards the base of the wing along the stem of Rs. On the other hand
it is not improbable to conceive that the venation of Horazelle may have
been evolved from a type similar to that of Sycorax, in which the
posterior vein of the anterior fork has switched over to the simple
second branch of Rs.

The male genitalia of Horaiella are on the whole more like those of
Phlebotomus on account of the presence of the cerci, as well as the lateral
lobe of the ninth tergite, the gonostyles with long spines, and the bifid
penis with its pumpetta. A species of Sycorax is also known which
bas a bifid penis (S. chilensis Tonn.) but it is apparently an exception in
the genus, of which I know all the described species and a few more still
undescribed.

If we now examine the larva of Horaiella we see at once that it has
nothing in common with that of Phlebotomus. This latter is not aquatic,
its head 1s not flattened but rounded, the antennae are short and bulbous,
the mouth parts are of a generalised type without premandibles and
with simple mandibles and maxillae ; the body segments are subdivided
into two but they do not carry sclerotized dorsal plates and the last
segments are not modified into a breathing organ; the spiracles are simple,
small buttons on the sides of the eight segment.

The larva of Horaiella with its dorsal plates and its modified last few
segments would seem at first sight to be more closely related to those of
the Psychodinae ; its general shape is not unlike that figured for Maruina
ursula by Fritz Miiller but a comparison with the larva of Sycorax
deserves closer attention although prima facte it would seem that the
simple undivided tergite of the latter genus would preclude any sort
of affinity.

I know the larva of Sycoraz only from the figures of C. W Miiller (1927)
and those of Baugerter (1928) and Feuerborn (1932) ; I have, therefore,
been unable to ascertain if there is no trace of the anterior dorsal plates
left. As far as the head is concerned the only point of resemblance is
found in the elongate antennae ; but the continuous fringe which sur-
rounds the body is evidently the homologue of the fringe of the sucker of
Horaiella in which it has been shifted more ventrally. Feuerborn
remarks (I. c. p. 96) that this fringe in Sycoraz aids in the adhesion of the
larva to the substratum, so that this animal can be considered as a
‘““ wandelnde saugscheibe ”’; the same applies also to Horazella. One
of the strongest points of ‘resemblance between the two larvae is the
division of the 8th tergite into two lateral lobes which carry the hind
spiracles near their extremity, in Horatella the spiracles have shifted
to the ventral side of the lobes, so as to be included in the chamber or
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cavity formed by these lobes and the ninth tergite, but the latter does
not carry any appendages in Sycorax.

The pupa of Horaiella shows no affinity either with that of Phleboto-
mus or with that of Sycoraz; it is more clgsely related to that of
Maruina.

From this analysis it results that Horaielle should find its place
between Phlebotomus and Sycorax, the affinity being greater with the
former genus in the adult stage; I cannot, however, see my way to plac-
ing it in the same subfamily : on the other hand T am not yet prepared to
erect a new subfamily for it and prefer to reserve my decision on
this point until the study of more abundant material, especially of
mature flies, allows me to throw more light on the subject. We are
already threatened with too many monogeneric subfamilies in the
Psychodidae, besides the Phlebotominae, there are the Trichomyiinae
which would also remain with a single genus if Edwards’ suggestion, to
remove Sycoraz from it and place it in a subfamily of its own, be accepted.
Theodor has even proposed that Phlebotomus should be separated from
the rest of the Psychodidae and be placed in a new family. The dis-
covery of Horaiella, which is a link between Phlebotomus and the rest
of the Psychodidae, completely invalidates this suggestion.

In his recent paper, already referred to, Feuerborn has described
from Java a species of Psychodid whose larva is provided with ventral
suckers and for that reason he has placed it in the genus Maruina.
Before discussing the generic status of this species and of the closely
related one discovered in India by Hora, I think it more expedient to
give first a detailed description of all the stages of the latter species,
which I place in a new subgenus of Telmatoscopus characterised by the
larvae provided with six ventral suckers, the subgenotype being the
following species.

Telmatoscopus (Neotelmatoscopus) horai, sp. nov.

A small ‘species with uniformly blackish vestiture on the body,
wings and legs, and with the habitus of a Psychoda.

Male.—Eye bridges contiguous on their whole width, no noticeable
tuft of hairs on face or vertex ; antennae 16 segmented, distinctly longer
than the width of wing when fully extended 1, first segment rounded, not
longer than broad, second spherical, the following one bulbous with
a short distal neck (fig. 4a) ; the basal segments of the flagellum are
somewhat asymetrical, as is often the case in species of Telmatoscopus,
they gradually diminish in size but the last ones are not diminutive as
in Psychoda ; the neck of the basal segments is short but it gradually

! In most, if not all, the pinned specimens submitted to me, the segments of the
flagellum are telescoped ; this gives to the antennae of the male a very thick appearance,
the verticils thus fitting into one another. This is often the casc in recently emerged
Psychoda becanse when still enclosed in the antennal sheath of the pupa the segments of
the flagellum are telescoped in this manner and when specimens are kept in a dark and
moist place after emergence the antennae do not extend for some time, if at all ; but when
a-telesooped antenna is treated in caustic potash it soon extends to its normal size and
shape. As the examples of the above species were collected on the rocks of a waterfall
it is possible that they had recently emerged and had not had time to dry and harden
properly ; they all have a rather immature appearance.
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increases up to the 12th segment where it is about half as long as the
bulb ; the last segment is pear-shaped and ends in a thin cylindrical
apiculus placed on one side. The numerous ascoids are arranged in a
circle on the distal half of the bulb (fig. 4b) ; on the basal segments there

TEXT-FiG. 4.—Telmatoscopus (N eotelmatoscopus) horai, sp. nov.

a. Antenna of male ; b. A median segment of antenna of male ; c. Antenna of female;
d. Wing ; e. Gonopods ; f. Inferior appendages ; g. A retinaculum ; 4. Side view of female
genitalia ; 4. Subgenital plate.

are about 12 pores in which are inserted two-or three-branched ascoids
which do not reach over the level of the end of the neck ; on the 10th
segment the number of pores is only ten and on the last three there are
only two pores each with a multibranched fan-shaped ascoid. The
verticils of ordinary bristles are not specially developed or distinctly
campanuliform, as in many species of the genus they are inserted only
on a part of the basal half of the bulb.

Palpi formula: 12; 16; 17; 27 The last segment thinner but not
conspicuously so; vestiture moderately dense.

Thorax without organs for erotic display. Legs uniformly dark,
the last segment of the tarsi somewhat more developed than in -other
species of the genus, its dorsal flap extends well in between the claws
which are strong and sharply elbowed,
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Wing ovate lanceolate (fig. 4d), not sharply pointed at apex which is
placed a little below the tip of R, ; Sc ending straight in R,, the posterior
fork somewhat before the anterior one, which is placed a very little before
the level of the tip of Cu ; origin of the stem of the anterior fork on the
apex of the anterior basal cell, the second basal cell much shorter than
the first.

Wing vestiture uniformly dark brown without any tuft or any
marking, the rows of erect hairs moderately dense and, therefore, only
slightly conspicuous, they are absent on the usual veins : R,, Ry and
M, ; on the branches of Rs they do not extend as far as the level of the
tip of R, and on the branches of M a little beyond the tip of M, on Cu
they reach the tip of that vein.

Hypopygium.—Gonocoxites (fig. 4e) several times as long as hroad
and arched on the outside, gonostyles with a scarcely swollen base, its
distal two thirds divided into two equally long and almost equally strong
beaks which are only moderately curved ; aedeagus of a simple symetrical.
pattern almost similar to that of Pericoma exquisite and allied species.
Inferior appendages (fig. 4f) about twice as long as the ninth tergite,
their distal third becoming suddenly thinner than the basal part but.
not very much more so, apex with 7-8 retinacula which are forked at the
tip (fig. 49). _

Length of wing 2 mm.

Female.—Similar to male. Antennae relatively shorter (fig. 4c).
the necks of the flagellar segments being much shorter so that the last;
segments appear to be almost spherical, but not diminutive. The
ascoids on all the segments are similar to that of the last three segments:
in the male, they are multibranched and inserted on a pair of pores
only. The verticils are much less developed than in the male. The
genitalia (fig. 4, - and ¢) are very peculiar on account of the relatively
large oval knob-like hairy process on the middle of the subgenital plate ;
ovipositor short, subtriangular.

Holotype.—Teesta bridge, Tth February 1931. S. L. Hora.

Allotype with the holotype.

Paratype same locality and Luch-chu Jhora, Peshoke Jhora, ete., alll
in the vicinity of Teesta Bridge in March 1931. D. D. Mukerji.

Larva (fig. 5, @ and b).—As a similar larva has been described in detajl
by Feuerborn (1932) I shall only give here a description of its main
features. The most remarkable of these, besides the presence of the
ventral suckers, is the reduction of the basal segments of the abdomen.
This occurs to a much lesser extent in many, if not all, the larvae of the.
Psychodinae, the first abdominal segment having only two subdivisions.
instead of three (and, therefore, two instead of three dorsal plates, when.
these plates are present at all). 1In the larva of T' horas the first abdo-
minal segment has only one plate, the second two and the third three S0
that at first sight the larva may be taken to have an abdomen with only
six unmodified segments, the more so as the third thoracic tergite
is apparently undivided and carries only one dorsal plate.

The ventral suckers evidently belong to segments 2 to 7 ; as the most,
anterior sucker is placed almost below the first abdominal segment,
which, as mentioned above, is very reduced, there may be some doubt
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as to the segment to which it belongs, the first or the second. A study of
the musculature of the suckers shows, however, that the first sucker does

TexT-F1a. 5.—Larva of Telmatoscopus (Neotelmatoscopus) horas, sp. nov.,

a. Dorsal view; b. Ventral view.

not belong to the first segment. Even without dissection or cross section
this conclusion can be reached by studying the position of the dorso-
lateral sclerosities of the integument, which indicate the point of attach-
ment of the dorso-ventral muscles ; these callosities are missing on the
first abdominal segment, therefore the first sucker does not belong to it.
The head is wider than long; its posterior part is widened into
moderately developed lobes which do not extend backwards as in 7.
indica. The mouth parts are as in most Psychodinae larvae, except
that the maxillae are provided with a large brush of hairs in the form of
a fan directed backwards. The terminal segments are strongly sclero-
tized and fused in a conico-oval flabellum with the usual four apical
processes provided with small hair fans. There are four pairs of anal
gills which are retracted in most specimens. The anterior spiracles
are not functional ; they are represented by very weak tiny scars.
The round suckers are of a simple type, the edge of the disc is formed
by a simple layer of agglutinated rods which are analogous to those found
in the Blepharoceridae, they are prolonged by a thinner felty tissue giving
more fexibility to the edge of the sucker ; the disc is not invaginable
like the piston of the Blepharoceridae, the suction power is, therefore,
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very much weaker, as can logically be inferred from the difference of
habitat.

_ Pupa (figs. 6 a and b).—It is not unlike that of any other Psycho-
dinae ; it is not greatly modified in shape to suit its habitat, though it
1s much more so than that of the Javanese species. The underside of the
body is fairly flat, soft and whitish and the contour of the abdomen is
fairly continuous, although the segmentation remains clearly indicated by
shallow indentations between the segments. Adhesion to the substratum
seems to take place by the whole of the ventral face ; there is no special

TexXT-F16. 6.—Pupa of Telmatoscopus (Neotelmatoscopus) horat, sp. nov.
a. Dorsal view ; b, Ventral view.

sealing mass at the end of the wing sheath, as mentioned by Feuerborn
in his Janvanese species. The breathing horns do not present any
special features ; they are provided with a double row of about ten little
craters. The integument of the horn has a fine sculpture which gives it
the appearnce of being covered with minute imbricated scales.

In the same locality occurs also another larva, differing from that of
T horar by the shape of the head, which has latero-posterior lobes as
much developed as those of T' ¢ndica ; in shape the abdominal segments
are wider at the posterior end and thus are also quite different. I have
not seen the pupa or the fly of this species, I shall, therefore, refrain from
describing it; it is intermediate in character between 7' hora: and
T <ndica.

The generic status of this remarkable insect has now to be discussed.
Feuerborn has placed the species that he discovered in Java in the genus
Marwina established by Fritz Miiller (1895) to receive three Brazilian
species, because the larva of this Malayan moth-fly is also provided with
ventral suckers. This is the only ground on which it can be done because
very few reliable characters are given by Miiller for the adult stage of
Marwina. These points have already been discussed by Eaton (1895)
and Feuerborn takes them up again in his recent paper but he reaches
a conclusion which is totally unsound from a taxonomic point of view

K
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He says (I. c., p. 106) that as the two species of Maruina, more or
less described in the adult stage by Miiller, viz., M. spinosa and M.
pilosella, belong very likely to Pericoma, and as the third species has
not been described in the imaginal stage, the generic name given by
Miiller, therefore, becomes untenable (hinfillig) for the American
species but can be transferred to the Javanese species, the more so
because the idea of larval suckers is already linked up with the name of
Maruina ; and this in spite of the fact that he recognizes that the
imago of his species ‘ist durchaus Arten der Gattung T'elmatoscopus
ahnlich ,

Through the kindness of Mr. F. D. Klyver I am now in possession of
all the stages of Maruina calyforniensis (Kellog) ; a study of these shows
that, contrary to Eaton’s and Feuerborn’s opinion, Maruina is a per-
fectly valid genus, quite distinct in all stages from any other known
genus of the family. It is, therefore, impossible to place Feuerborn’s
Javanese and Hora’s Indian species in it, even if only larval characters
are considered. The larva of Maruina has eight incomplete more or
less oval suckers (exactly as depicted by Miiller), whereas those of the
Indo-malayan species number only six and are in the form of a complete
round dics.

Feuerborn has rightly remarked that the imago of his Maruina tndica
is in every respect similar to members of the genus Telmatoscopus.
This genus was erected by Eaton (1904) to receive a number of species
that he had previously classified in the genus Pericoma ; no genotype
was mentioned by him and, so far as I am aware, none has been desig-
nated since. At the end of his generic diagnosis Eaton gives the
following indication : “‘ This genus is nearly coextensive with section
3¢, 3d and 4a of Pericoma in the supplement to my Synopsis ”’ (I. c.,
1900, p. 206, etc.). If we now turn to section 3¢ we see that the first
species mentioned there is Pericoma morula Eaton. I therefore propose
here definitely to consider this species as the genotype of Telmatoscopus.

Eaton’s diagnosis of this genus is based on the structure of the
antennae, the male genitalia and the venation ; as the last two characters
are too general and may be applied to almost any species of the Psycho-
dinae, only the structure of the antennae need be considered.

The 16 segmented antennae of Telmatoscopus have a flagellum com-
posed of segments formed by a bulbous basal part and a distal more or
less elongate neck, the last few segments being similar to the others and
not diminutive or indistinctly articulated on each other, so that the
flagellum is * furnished with 14 sets of verticillate hairs inserted upon
the nodes, the verticils mostly cupuliform or bowl-shaped and imbricate ;
several nodes towards the base of the series oblate or napiform and gib-
bous or extended laterally into a rounded lobe so as to render the thread
or beak of the joint excentric instead of cimate ”

Among the many species possessing these antennal characters, the
venation varies to a very large extent ; the radial sector may or may not
be pectinate, Sc may run straight into R, or not and the apex of the wing
may or may not be placed at the extremity of one of the longitudinal
'veins. Furthermore, the structure of the male genitalia is also varies
greatly from one species to another.
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T indica Feuer. and T. horai, sp. nov. answer in every point of their
antennal structure to the definition just given above, and there is nothing
in the wing venation and the male genitalia which would preclude their
admission in the genus Telmatoscopus. .

Up-to-date, about 36 species of this genus have been described ;
they are mostly found in the Palaearctic region ; there is no doubt that a
certain number of species will turn up also in the Indo-Malayan region
although so far only one of the species of Psychodidae described by
Brunetti can be referred with certainty to the genus Telmatoscopus,
whereas a few more of his species could but doubtfully be placed in it.
In Australia about a dozen as yet undescribed species are known to me ;
it is amongst these that 7 indice and T koras find their closest allies
rather than among the Palaearctic species. About six of these Australian
species have the same venation with S¢ running straight into R,, the
origin of the stem of the anterior fork at or very near the apex of the
first basal cell and the two main forks more or less at the same level;
the structure and the disposition of the ascoide are also very similar
and the necks of the flagellar segments more or less elongate ; however
they all differ from the Indo-Malayan species in the presence of organs
for erotic display on the thorax of the males. None of the early stages of
these Australian species is known so far and the habitat of the flies,
except for two species, is not in the vicinity of waterfalls but along the
edges of sluggish streams ; this habitat would preclude the presence of

a strong fixation organ, in the larva, such as the series of suckers of
T horar.

The larva of the genotype has not yet been found, so far as I am
aware, and only those of two other species have been recorded up to the
present. It is therefore, very difficult, if not impossible, to establish
the general characters of the early stages of the genus on such scanty
knowledge.

The larva and pupa of T albipunctatus Willist. (=meridionalis
Eat.) have been well described by Efflatoun (1920) and later in much
more detail by Zavattari (1924). The larva of 7' deminuens Feuer. has
been well figured by Feuerborn (1923, p. 198, fig. 7) but not described.!

These two larvae are widely dissimilar, although the imagines are
fairly closely related. Their difference of structure is evidently due
to adaption to different habitats. The laiva of T' albipunctatus lives
in bilge water or similar foul liquids ; it is elongate and possesses a long
flabellum and has well developed dorsal plates, whereas the larva of
T deminuens, which according to Feuerborn is oligomydobiontic (living
among grass, plants and leaves at the edge of the water) is stumpy with
a short flabellum and is almost devoid of dorsal plates.

From this it can be seen that the larvae of this group are eminently
plastic in their faculty of adaptation, just like those of the rest of the
family : for instance the larva of Trickomyis living in wood has the
appearance of a wood borer (Keilin 1914), whereas that of the closest

1 The imago of 7'. deminuens has not been described by Feuerborn ; it has been
made known only by a drawing of a few segments of the male antennae (1922, fig. 7)
which are so characteristic that I am convinced that this species is the same as the one
described by me previously as Pericoma longicornis (1919).
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related genus, Sycoraz, is an aselliform larva living in damp moss. One
should, therefore, not be too surprised to find in Telmatoscopus some
species whose larvae are provided with special means of adhesion as an
adaptation to their special habitat.

From an examination of all the stages of Maruina californiensis
(Kell.)! T can definitely state that Maruina and Telmatoscopus are in
no way closely related. In fact we have here a curious state of affairs
because in Maruina the imago, which has a lesser number of antennal
segments and a more reduced venation, is more specialized than that of
Neotelmatoscopus, whereas the larva with a larger number of suckers is
more primitive.

It seems most probable to me that the larval suckers have been
evolved independently here and there, in various groups of the family
with such plastic larvae, in response to the same special habitat.

From the above analysis I can only conclude that 7' ¢ndica and T
horai cannot be placed elsewhere but in the genus Telmatoscopus on
imaginal characters ; however as the larvae of the two known species are
so peculiar I think that it is convenient to erect a new subgenus, Neotel-
matoscopus, based on larval characters alone and defined by the presence
of six ventral suckers.

After Fritz Miiller and Hora, Feuerborn has treated of the relation-
ship of the Blepharoceridae and the Psychodidae at full length in his
recent paper (1932) ; however, in spite of his efforts his arguments do
not seem to me to be convincing enough and I cannot see that the
relationship between the two families is as close as he would make
us believe. I stand by Hora when he says (1930, p. 231) “I do
not believe that any genetic affinity exists between the two families ;
the resemblances are the result of convergence’”  The resemblances
Hora had in mind are those between the larvae and not between the
imagines. The latter are much further apart than Feuerborn makes out
as a result of his incomplete knowledge of ‘the Blepharoceridae, which
he himself acknowledges. This family has quite a number of archaic
characters such as the presence of the tibial spurs, the presence of the
ocelli, the long anal vein, and the non-twisted hypopygium, which
are not to be found in the Psychodidae. Crampton as a result of his
study of the structure of the thorax of the Psychodoid diptera (1926)
also fails to find any strong affinities between the two families.

However, if the discovery of the early stages of Horaiella and Neotel-
matoscopus does not shed a new light on the affinities of the Psychodidae
with other families of the Nemocera besides those included by Crampton
in his Psychodoid complex, it gives at least a very good indication as to
how the complicated sucker of the Blepharocerid larvae may have been
evolved.

1 Malloch has pointed out (1917, p. 266) that M. californica Kinc. is a synonym of
M. californiensis Kellog because the description of the very characteristic early stages
of this species appeared under the latter name before that of the imago by Kincaid. In
reality the question is more complicated than Malloch thought because the fly described
by Kincaid has certainly not been bred from the larva and pupa described by Kellog.
The nearly mature fly which I extracted from similar pupae from a locality near that
of the type does not at all correspond to Kincaid’s description either in antennal struc-
ture or in the shape and venation of the wing. Some confusion must have occurred
when the specimens were sent for description to Kincaid by Kellog.
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To my knowledge there are two attempts at an explanation of the
origin and evolution of these suckers, neither of which seems satisfactory
to me.

The first one is by Komarek (1914) who assumes that at the begin-
ning, at the places where we now find the suckers, there were some
glands producing a sticky secretion by means of which the animal
adhered to the bottom of the stream ; in order to release the hold on the
substratum the dorso-ventral muscles came to converge at that spot and
produced an invagination of the soft skin and thus formed beginning of a
sucker. The chief objection to this explanation is that it is purely
theoretical since no aquatic insect larvae are known which can fix them-
selves on the substratum by means of a glandular secretion on the ventral
surface.

The second tentative explanation is that of Hora (1930, p. 224)
who tried to find the origin of the suckers by studying the ontological
development of this organ in the Blepharocerid larva. He found that :
“in the young larva the sucker is comparable to the abdominal proleg of
a caterpillar with a circle of crochets of equal length, all the hooks being
turned towards the centre of the planta which can be engaged or dis-
engaged by the contraction and relaxation of the muscles acting on the
centre of the disc. As the larva grows it seeks more rapid ‘waters and
as life in rapid waters demands a close application cf the ventral surface
of the animal to the substratum, in this process the crochets have
gradually flattened down and have formed the disc as we know it in the
larger larvae

Unfortunately this explanation does not rest on facts because the
structure of the sucker in all the genera, including the most primitive
Edwardsina, is the same in the first instar, just hatched, as in the fully
grown fourth instar larva, except that the number of rods is not as
large and that the valvular gate is not yet present. It is to be wondered
if Hora would have found something of real value if he had started his
ontological study with the embryo.

I am now proposing a third tentative explanation which has come
to my mind while studying the Psychodid larvae which are the main
subject of this paper.

The two series of diagrams here given (fig. 7) are almost self-explana-
tory : A is a section of an insect larva living in rapid water which, as a
beginning of adaptation to this habitat (stage I of Steinmann), is flat-
tened dorso-ventrally and has a large surface of adhesion ; in B there is
a sucker action of the whole ventral surface brought about by the action
of the dorso-ventral muscles ; to facilitate the retention of the suction
or vacuum a pleural fringe of hairs or a pleural membrane has been
evolved in C such as we find respectively in Sycorax and Horazella ;
D shows a section of a larva in which the fringe has migrated towards
the axis of the body in order to allow more mobility, at that stage, this
fringe may be either continuous as in Horatella or interrupted and form
a series of oval more or less complete discs as in Maruina californiensis ;
the number of discs is probably not higher than eight. I is a stage
similar to Neotelmatoscopus and as the animal takes to swifter waters a
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more powerful type of sucker is evolved as shown in F such as we find
in the Blepharoceridae.

TrxT-FIg. 7.—Diagram illustrating the probable evolution of the suckers of dipterous
larvae.

G, H, and I are the stages corresponding respectively to the sections
C, D and E seen from below ; they do not require any explanations.
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EXPLANATION OF PLATE I1.

Earlier Stages of Horawella, gen. nov.
Horazella consimilis, sp. nov,

Fre. 1.—Dorsal view of pupa.

Fic. 2.—Ventral view of pupa.

Fic. 3.—Lateral view of breathing-horn of pupa.
Fic. 4.—Front view of same.

Horaiella prodigiosa, sp. nov.

Fic. b5.—Lateral view of breathing-horn of pupa.
Fic. 6.—Dorsal view of larva.

Fic. 7.—Ventral view of larva.

Fic. 8.—Lateral view of larva.

Fic. 9.—Head of larva.

Fic. 10.—Outside view of mandible of larva.
Fic. 11.—Inside view of same.

Fi1g. 12.—Anterior spiracles of larva.

Fic. 13.—Enigmatic organ of larva.

Fic. 14.—Dorsal view of posterior end of larva.



Rec. Inp. Mus., VorL. XXXV, 1933. Prate II.

A. L. Tonnoir, del.

Larly Stages of HORAIKLLA.



FURTHER NOTES ON CRUSTACEA DECAPODA IN THE INDIAN
MUSEUM.

IV. O Two NEW spECIES OF Oxvsromous CRABS FROM THE BAY OF
BENGALL.

By B. Cuorra, D.Sc., Zoological Survey of India, Calcutta.
(Plate IIL.)

While sorting out a miscellaneous unnamed collection of the Oxy-
stomes in the course of my work on these crabs from the mouth of the
Hughli River,! I came across a specimen of the interesting genus Iza,
that even on a superficial examination appeared to differ in several
material respects from both the hitherto-known species of this genus.
On a closer examination it has proved to represent an unknown species,
and is described as new in the present paper. Even though I have
had to base my description on a single example, the specimen shows
so many important distinguishing characters that there cannot be any
doubt that it represents a species hitherto unknown to science. The
specimen is an ovigerous female. The second new species belongs to
the genus Raninoides Milne-Edwards, of the family Raninidae. This
species is also based on a single specimen. This particular example
had been examined by Alcock, and named by him as a variety of Rani-
notdes personatus White, Henderson. On a careful examination it has
shown so many material differences from Henderson’s species, as also
from the other species of Raninoides, that I have no hesitation in des-
cribing it as new.

In his masterly account of the Raninidae, Bourne? has recently set
up a new genus under the name of Notosceles, that according to:him
comes very close to Raninoides Milne-Edwards. Besides describing
a new species (N. chimmonis), Bourne has included in this genus the
form that Henderson® had described as Raninoides serratifrons. The
new species described here shows a number of characters that suggest
that it is intermediate between the typical species of Raninoides on
the one hand, and forms like Raninoides serratifrons and Notosceles
chimmonis on the other. Similarly in connection with the new species
of Ixa, the question of the validity of Izoides MacGilchrist4 is discussed
and it is shown that except for some differences in the external maxil-
lipeds, the genus Izoides so closely resembles Iza Leach, that it can
hardly be distinguished from it.

1 Chopra, Rec. Ind, Mus, XXXV, pp. 26—52 (1933).
2 Bourne, Journ. Linn. Soc. London (Zool.), XXXV, pp. 25-79, pls. iv-vii (1622).
Henderson, Trans. Linan. 8Soc., London (Zool.), V, pp. 408, 409, pl. xxxviii,
figs. 10-12 (1893).
¢ MacGilchrist, Ann. Mag. Nat. Hist. (7) XV, pp. 255-257 (1905)

[ 77 1] L



78 Records of the Indian Museum. [ VoL. XXXV,

Ixa investigatoris, Sp. DOV.

(Plate I1I, figs. 4, 4a.)

The carapace is broadly hexagonal in shape, the breadth, excluding
the lateral processes, somewhat exceeding the length. The surface of
the carapace is thickly covered over with prominent raised tubercles,
which are distinctly stalked on the lateral processes and the posterior
half of the carapace. Between the tubercles the surface appears to
be smooth. The margins of the carapace and the pterygostomian re-
gions are also covered over with similar tubercles. On the surface
of the carapace in addition to the ordinary raised and stalked tubercles
there are several prominently raised areas, with secondary tubercles
on them. There are three such prominences on the median part of the
carapace—a small one on the gastric region, a somewhat larger one
on the cardiac, and a very prominent double one on the intestinal region.
There are three of these on each branchial region, and one on each he-
patic region near the margin. Besides these there is a pair of small
prominences, one on each side of the median gastric prominence. The
grooves on the carapace, as compared with those of I. cylindrus are
very indistinct and shallow but even in this species they separate off
the median parts of the carapace from the branchial and the hepatic
regions. There is a broad, transverse depression behind the frontal
region, which has the effect of separating off the front from the rest of
the carapace, more or less as in other species of [za.

The front is somewhat broad, and prominently bilobed, and projects
almost as far as the salient edges of the afferent branchial channels.
The orbits are small and rather deep and the granulation of the cara-
pace on their edges conceals all traces of sutures. There is, however,
a wide gap at the inner canthus, where the antennae are lodged. The
antennules fold obliquely. The gap at the inner canthus of the orbits,
and the antennae and the antennules are seen in figure 4a on plate 1il.

The antero-lateral border is not distinct, on account of the tubercles
present all along the margin, but it is somewhat sinuous in outline.
‘There is a marked prominence, covered over with raised tubercles, on
this margin, a little in front of the lateral process. At the junction
of the antero- and postero-lateral borders are the lateral processes—
huge, spine-like structures, projecting transversely from the sides of the
body. They are rather short, as compared with those of I. cylindrus,
broad at the base and taper gradually towards the tip, which is bluntly
pointed. They are thickly covered all round with raised and stalked
tubercles. The postero-lateral borders are practically straight, and
like the rest of the carapace are covered over with tubercles. A little
above the base of the last walking leg there is on each margin a large
petaloid process, covered with stalked tubercles. A similar and some-
what larger process is present at the junction of the posterior and postero-
lateral borders. This process is also covered with stalked tubercles.
The posterior border is very short and is partly hidden in a dorsal view
by the large overhanging prominence on the intestinal region of the
carapace. This border is straight, and carries a few small stalked tu-
bercles on it.
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The buccal cavern (Plate III, fig. 4a), though truncated anteriorly,
is distinctly triangular in outline, and the external maxillipeds are not
appreciably sunk below the level of its edges, which are not everted.
The ischium is somewhat grooved along its inner half, but the outer
half is strongly convex and is tuberculated. The merus, measured along
the inner border, is about half as long as the ischium. It has the usual
shape, has a more or less flat surface, with a few small tubercles on it
and is somewhat rounded at the tip. The exognaths are also tuber-
culated, are convex towards their outer edges and onmly slightly fall
short of the tip of the merus.

The chelipeds are considerably stouter than the walking legs, and
are rather more than twice as long as the carapace. The long arm is
cylindrial in shape, and is strongly granulated all round. The wrist
is short, is somewhat dilated distally and is covered over with small
granules, The palm is long, broad at the base and tapers markedly
towards the tip. It is sharply granular on the outer margin. The
fingers are thin and almost filiform, are about two-thirds as long as
the palm, and open in a more or less vertical plane. They are some-
what hooked at the tip, and their inner margins are beset with a row
of minute teeth, interspersed at irregular intervals with some larger
ones,

The walking legs have the margins of their basal segments serrated.
The surface of the segments, especially that of carpus and propodus,
is finely granular, and the dactyli, which are almost straight, are fringed
with hairs.

The thoracic sternites are strongly tuberculated, those at the base
of the chelipeds being prominently raised.

The abdomen of the female consists of four pieces, the 3rd-6th
somites being coalesced into a large piece. The first two segments are
strongly tuberculated and the large third piece bears tubercles on the
basal part and some near the apex also.

The colour in spirit is white, and there are no characteristic mark-
ings either on the carapace or on the legs. The prominently-stalked
tubercles on the carapace have a superficial appearance of some Mad-
reporarian corals,

The single ovigerous female, that I have seen, has the following
measurements :—

Length of carapace 80 mm,
Breadth of carapace, including lateral processes 148 mm,
Length of lateral process 2-8 mm.
Length of palm 4-6 mm.
Length of free finger 3:3 mm,

Type-specimen.—C 1560/1, Zoological Survey of India (Ind. Mus.).

Locality.—The single specimen on which the present species is based
was collected by Lt.-Col. R. B. Seymour Sewell on board the R, I. M. S,
“ Investigator ”’ in the Mergui Archipelago, 12° 14’ 30” N,, 98° 15" 30"
E., on 23rd October, 1913. The depth at this place, according to the
‘ Investigator ’ Station Book, was 24 fathoms, and the bottom con-
sisted of mud, sand and broken shells.

Iza vnvestigatorss differs from both the hitherto known species of the
genus chiefly in its small size, in having its surface closely covered with
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raised and stalked tubercles, in the great reduction of the grooves on
the surface of the carapace, in having rather short lateral processes
and in having a pair of petaloid processes on the postero-lateral borders
of the carapace, in addition to those on the posterior border. The
three species of the genus Iza may be distinguished from one another
with the help of the following table :—

1. Cylindrus (FABR.).

I. Inermis LEACH,
ATCOC .

I. I'nvestigatoris, SP. OV.

1. Lateral processes very
large, more or less uni-
formly thick throughout,

or sometimes tapering
from the base, but the
tip always  sharply
pointed.

2. Grooves on the carapace
a8 deep and broad chan-
nels.

3. Carapace with minute
vesiculous granules ; sur-
face between granules
smooth,

4. No prominent convexi-
ties on the carapace, the
gastric region raised and

the intestinal region
somewhat tumid.
5. No processes on the

margins of the carapace
in addition to the large
lateral processes.

6. Buccal frame, though
truncated anteriorly, dis-
tinctly triangular in out-
line.

7. Exognath of external
maxilliped concave along
its inner border, and fall-
ing short of the anterior
edge of the afferent bran-
chial channel. Theraised
outer border of the is-
chium with a narrow band
of vesiculous granules,
wanting at the basal end.

1. Lateral processes compa.-
ratively short, gradually
tapering from a broad base
to a pointed tip.

2. Channels replaced by or
dinarily shallow grooves
without any definite mar-

gins.

3. Carapace with vesiculous
granules ; surface between
granules rough.

4. Some prominent convexi-
ties on the gastric region
and one blunt elongated
tubercle on the tumid in-
testinal region.

5. One petaloid process on
each end of the posterior
border of the carapace.

6. Buccal frame quadran-
gular,
7. Exognath of external

maxilliped strongly con-
vex, except for a small
distal portion, closely co-
vered over with pearly
granules and extending up-
to almost the anterior edge
of the afferent branchial
channel.  Ischium groov-
ed along the inner border,
rest of the surface strongly
convex and covered over
with pearly tubercles.

1. Lateral processes short,
gradually tapering from a
broad base to a bluntly
pointed tip.

2. Grooves only faintly in-
dicated.

3. Carapace thickly covered
over with raised and stalked
tubercles, looking like
corals ; surface between tu-
bercles somewhat smooth.

4. A number of regularly
arranged convexities on
the carapace : three on the
gastric region, one on the
cardiac, a double one on
the intestinal, three on
each branchial and one on
each hepatic region.

5. One petaloid process on
each end of the posterior
border, a similar one on
each postero-lateral
border, and a small one on
each antero-lateral border
a little in advance of the
lateral process.

6. Buccal frame, though
truncated anteriorly, dis-
tinctly triangular in out-
line.

7. Exognath of external
maxilliped convex, espe-
cially towards the outer
border, tuberculated and
hardly falling short of the
front edge of the afferent
branchial channpel. Is-
chium grooved along its
inner half, outer half strong-
ly convex and tuberculated.
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Besides comparing I, investigatoris with the other species of the genus
Iza, it may be useful to consider here the position of MacGilchrist’s
genus Izoides! According to MacGilchrist the genus Ixzoides differs
from Iza Leach in the following characters :—'‘ The fingers are two-
thirds the length of the palm, or about half the combined lengths of
wrist and palm ; the sides of the carapace are produced into two stout,
conical, horn-like processes, tapering from the base; carapace is glo-
bular and its median regions are not pronouncedly demarcated by
channels or grooves; the merus of the external maxilliped has its
outer edge cut away and bevelled, and this bevelled edge forms the
inner wall of the afferent branchial canal ; the front is moderately pro-
minent, projecting about as far as the salient edges of the afferent bran-
chial canal.” The characters pertaining to the relative length of the
fingers appear to be applicable to the male specimens only that Mac-
Gilchrist had examined ; in a large female example in the Indian Museum
collection the fingers are barely half the length of the palm. In Iza
on the other hand, the fingers are not always * hardly half the length
of the hand ” as mentioned by Alcock.2 In I. inermis® Leach, as re-
discribed by Alcock, the fingers are more than half the length of the
hand, and the same is the case in the new species described in this paper.
Conical, horn-like lateral processes are not characteristic of Ixoides
only, but are commonly met with in the species of Iza also.t In the
absence of deep channels or grooves on the carapace Ixoides cornutus,
the only species of MacGilchrist’s genus, resembles Iza inermes and Iza
snvestigatoris. The front is moderately bilobed in all the species of
Iza also, and projects about as far as the salient edges of the afferent
branchial canal in at least one species—I. investigatoris. In the charac-
ters of the external maxillipeds, however, Izotdes cornutus differs mar-
kedly from all the species of Iza, the merus, as mentioned by Mac-
Gilchrist, is of a perculiar shape, and the exognath also differs materially
from that of all the species of Ixa. It is thus seen that the only im-
portant character by which MacGilchrist’s genus can be distinguished
from Iza is afforded by the external maxillipeds, and that in practi-
cally every other respect the two genera are almost indistinguishable.
In view of this the advisability of regarding Izoides as a distinct genus
is open to doubt ; in my opinion it should be merged in the synonymy
of Iza, or at best should be given a subgeneric rank.

Raninoides hendersoni, sp. nov.

(Plate III, figs. 1, 1a.)

The carapace 18 more or less barrel-shaped in outline, having its
greatest breadth about the middle of the body ; its greatest length is
considerably less than twice of its maximum breadth. Its surface is

1 MacGilchrist, Ann. Mag. Nat. Hist. (7) XV, pp. 255-257 (1905) ; Illust. Zool.
¢ Investigator°, pl. 1xxiii, figs. 2, 2a, 2b (1905).

2 Alcock, Journ. As. Soc. Bengal LXV, p. 271 (1896).

3 I have discussed the question of the identity of this species in an earlier paper—
vide Rec. Ind. Mus. XXXV, pp. 48-50 (1933).

¢ It has been shown that in I. cylindrus also the lateral processes are sometimos
conical, horn-like and tapering—vide Chopra, Rec. Ind. Mus. XXXV, p. 46,47 (1933).
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smooth and polished, except for the anterior region behind the front,
which is minutely punctate. The surface of the carapace adjoining
the antero-lateral margins is also punctate. There is a distinct trans-
verse line behind the front and the region between this line and the
fronto-orbital margin of the carapace is covered with hairs and small
squamiform granules; the area immediately behind this line is also
granular. The carapace is markedly convex from side to side, and the
regions are not indicated. The fronto-orbital margin is long, and is a
little more than two-thirds the greatest breadth of the carapace. The
rostrum is more or less like that of R. personatus! ; it is prominent and
entire, its apex is rounded, with a minute blunt process at the tip. There
is a shallow groove running in a longitudinal direction from the tip of
the rostrum to the transverse line behind the frontal region. On each
side of the rostrum and continuous with it, is a large triangular lobe,
more or less acutely pointed at the tip. A broad and deep fissure sepa-
rates this lobe from a large and prominent tooth-like process, with a
somewhat rounded apex, surmounted by a minute spine-like process at
the tip. Another fissure, somewhat broader than the one described
above, separates this large median process from the external orbital
spine. This is broad at the base, and appears to be hollowed out ante-
riorly, where it terminates in two small spines: one, somewhat blunt,
on the dorsal surface, and the other larger and more sharply pointed
in a lateral position. The fissures on either side of the median process
do not run to the transverse line behind the frontal region, mentioned
above, but are continued backwards into shallow grooves partly covered
over by long hairs. The fronto-orbital margin is strongly hairy, as also
the lateral margins immediately behind the external-orbital lobes. The
eye-stalks are long, broad and dilated at the base and taper towards
the tip, where the cornea occupies practically the entire thickness of the
stalk.

The lateral borders of the carapace are broadly arched. A little
distance behind the external orbital process is a small and sharply-
pointed spine. In the single specimen that I have examined the tip
of this spine is broken on one side and thus appears to be blunt, but
on the other side it is seen to be sharply pointed. A prominent line
runs across the surface of the carapace joining these spines on the two
sides. Near the lateral margins this line runs obliquely, inwards and
forwards, but becomes transverse on the median region. The lateral
margin, a little behind the spine, is defined by a raised and very finely
milled line. The border anterior to the spine is markedly hairy, while
that immediately behind it is finely crenulate and sparsely hairy.

The pterygostomian regions are puffed out and are densely hairy.
In between the hairs the surface is seen to be somewhat granular.

The external maxillipeds are like those of R. personatus. They are
long and narrow, and their terminal parts encroach on the epistomial
region. The ischium is about one-third longer than the merus and both
have a raised inner margin. The surface of the merus is granular and
somewhat hairy, and there is a strong fringe of hairs along its outer

! Henderson, Challenger Anomura (Zool. XXVII), pp. 27, 28, pl. ii, fig. 5 (1888).
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margin, which is broadly rounded. The flagellum is short and is in-
serted opposite a slight depression along the inner edge of the merus
near its tip. The exognath is short, and extends up to the end of the
ischium only.

The chelipeds (Plate III, fig. la) are large and are considerably
longer than half the length of the carapace. The ischium is small and
has a minute spine on the anterior border near its distal end. The merus
is large and dilated, and its outer surface is somewhat squamiform and
the edges are faintly crenulate. The carpus is considerably shorter
than the merus and has two small, more or less subequal, spines at its
distal end, one on the dorsal and the other on the outer border. The
upper and the outer surface of the carpus is covered with scale-
like tubercles, interspersed with stiff hairs and the borders are markedly
granular. The propodus is flattened and has is a stout acutely-pointed
spine about the middle of its outer border. There are three such spines
on the inner border also. The outer and upper surfaces of the hand, like
those of the wrist, are covered over with scaly tubercles and stiff hairs,
and the outer border is also granular. The fixed finger forms an obtuse
angle with the hand, and its base is only moderately flattened. Its
cutting edge is sharply dentate almost up to the finely pointed tip. The
dactylus is broadly arched ; its ‘cutting edge is totally unarmed, and
ends in a blunt tip. The outer edge of the dactylus is somewhat cre-
nulate near the base. The fingers leave a small gap when they meet,
and the dactylus somewhat falls short of the tip of the fixed finger.

The first three walking legs progressively increase in size from before
backwards, while the last legs, which are placed in advance of the penul-
timate pair in a dorsal position, are very much reduced. The legs are
modified in the usual way, the distal segments being foliaceous. The
dactyli of the first two pairs are acutely pointed, and the carpus is
strongly carinate dorsally in the first three pairs. In the last pair the
carpus and propodus are subequal, and the dactylus is distally broadened
and rounded. All the legs have long hairs along their edges.

In the single female example that I have examined the abdominal
segments are smooth and polished above and are ciliated laterally. The
first segment is considerably shorter in breadth than the posterior breadth
of the carapace, and the remraining segments diminish in size progres-
sively from before backwards. The appendages are strongly ciliated.

The thoracic sternal shields are somewhat like those of R. personatus.
The first element is broad, and thus separates widely the bases of the
chelipeds ; the second piece is more narrowed posteriorly than that of
R. personatus, with the result that the bases of the first pair of walking
legs are more approximated to the middle line than in the other spe-
cies ; the third piece is still more narrowed posteriorly, and the bases
of the second pair of legs almost touch one another in the middle line.
In this respect the sternal shields somewhat resemble those of R. serra-
tifrons Henderson,! in which species there is a still further narrowing
of the posterior ends of the second and third pieces. There is a groove
running along the median line, almost from end to end, of the shield.

* Henderson, Trans, Linn. Soc. London (Zool), V, pp. 408, 409, pl. xxxviii
figs. 10-12 (1893), pp pl. xxxviii,
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The process on each side between the basal joints of the chelipeds
and the first pair of legs is distinctly seen in this species also, though
it is not acutely pointed as in R. personatus.

In the single specimen that I have in the collection, the carapace,
including the rostrum is 17 mm. long, while the greatest breadth is 10-1
mm.
Type-specimen.—2640/10, Zoological Survey of India (Ind. Mus.).

Locality.—The single example on which the present species is based,
was dredged in the Andaman Sea at 11° 49’ 50" N., 92° 52’ E. at a depth
of b fathoms in April 1868, by the R. I. M. S. ¢ Investigator *’.
According to the “ Investigator ” station book the bottom at this place
consists of sand and stones. This specimen had been entered up in
the registers of the Indian Museum, probably in Alcock’s hand, as
“ Raminotdes personatus White, variety ” It is in a fair state of
preservation, but one cheliped and parts of some of the legs are
missing. It 1s a female example, and does not carry eggs.

Raninoides hendersont can be readily distinguished from the other
species of the genus by a number of well-marked characters. The
carapace is remarkably broad in the anterior half, with a distinct line
behind the frontal region, the area between this line and the front being
covered over with scaly tubercles and long hairs ; there are two deep
and broad fissures on each side of the frontal region, between the rost-
rum and the external orbital lobe, separating a large and prominent
tooth-like process on the inner side of the orbit ; there is a single spine
on the lateral margin ; the external orbital lobe is bidentate ; the che-
liped has the arm and wrist covered with squamiform granules on the
outer aspect ; and the hand has a single spine about the middle of its
surface., The present species somewhat resembles R. laevis! (Lat.),
and its variety lamarcki Bouvier,® in the shape of the fronto-orbital
border, but the fissures in the present case are considerably- broader.
Further in R. laevis the spine on the lateral border of the carapace is very
large ; there is no line on the carapace connecting the lateral spines
of the two sides; and the form of the hand is altogether different. In
‘R. mitidus M.-Edwards,? there are two spines on each antero-lateral
border ; there is only one fissure on each side on the fronto-orbital border ;
the external orbital spine is very large ;- there are clear indications of
the regions on the carapace; and the hand is very different in shape.
In Milne-Edwards’ R. fossor? the rostrum is somewhat serrated, and
the fissures on the fronto-orbital border of the carapace appear as in-
significant sutures only. The nearest ally of R. hendersoni seems to
be R. personatus Henderson, but the two may be destinguished by the
fact that in Henderson’s species the carapace is proportionately longer
than broad (Plate 111, fig. 2), the frontal fissures are narrower, and
the median lobe is squarish ; there is no line behind the frontal region ;
the first abdominal somite is much narrower; the spine on the outer
border of the hand is more terminal in position ; and the fixed finger
is more broadened out at the base (Plate Ill, fig. 2a).

1 Milne-Edwards, Hist. Nat. Crust. II, pp. 197, 198 (1837); Desmarest, Consider
vén. Crust., pl. 19, fig. 2 (1825).

2 Milne-Edwards and Bouvier, Mem. Mus. Comp, Zool. Harvard XLVII, pp. 29 8-
300, pl. i, figs. 8-10, pl. ii, figs. 1-5, pl. iii, fig. 1 (1923). '
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Sternal shield of a. Raninoides personains Henderson, b. Raninoides hendersoni,
8p. nov., and ¢. Raninoides serratifrons Henderson.

All the figures are from female specimens, and are drawn to different magnifications
but show the same length of the shield. In the narrowing of the posterior ends of the
second and third pieces of the shield R. hendersoni (fig. b) shows an intermediate con-
dition between R. personatus (ﬁ.g. a) and R, serratifrons (fig. c)
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The second species that Henderson described under the name of
Raninoides serratifrons' (Plate 1II, figs. 3, 3a) has still to be consi-
dered. This species, according to Gilbert Bourne,? is not a member
of Raninoides at all, but should be included in his new genus Notosceles.
Bourne’s new genus differs from Raninoides *“ in the proportions of the
carapace, the shape of the rostrum, the lesser width of the fronto-orbital
region, the larger corneae of the eyes, the proportions of the antennal
peduncles, and in other characters, but especially in the relatively much
greater width of the base of the abdomen, and the proportion and shape
of the sternal shield.” Another important character mentioned by
Bourne is that in Notosceles the merus of the third maxilliped is little
more than half as long as the ischium, while in Raninoides it is only
a little shorter than the ischium. The difference in the sternal shield
mentioned by Bourne lies in the fact that in Notosceles the second and
the third pieces are narrowed posteriorly, so that the bases of the first
and the second pereiopods are approximated to the middle line; in
Raninoides these pieces are broad posteriorly and, therefore, the bases
of the two first legs, are placed far apart from the middle line. All
these characters mentioned by Bourne are no doubt present in his spe-
cies Notosceles chimmonis, but some of them do not appear to be appli-
cable to Henderson’s R. serratifrons. Further the new species des-
cribed in this paper shows a number of characters that are clearly inter-
mediate between those of R. serratifrons and of a typical Raninoides,
like R. personatus. The proportion between the length of the carapace
and its breadth is practically the same in R. serratifrons and R. persona-
tus, and there is no material difference between the proportion of the
merus and ischium of the third maxilliped either. The fronto-orbital
border is no doubt shorter as compared with the breadth of the carapace
in R. serratifrons than in the species of Ranwnoides, but the sutures
and lobes, etc., on this margin are similar to those of R. hendersons,
and to some extent to those of R. laevis. Regarding the width of the
base of the abdomen there is a very marked difference between R. ser-
ratifrons and R. personatus, but in this respect, as the accompanying
illustrations (Plate I1I, figs. 1, 2 and 3) show, R. hendersoni appears
to be clearly an intermediate form, and bridges very considerably the
difference between the two. The one great difference between R. serra-
tifrons and the other species of Raninoides, apart from the shorter fronto-
orbital border, is in the sternal shield, but even in this character the
new species shows signs of approximating towards the condition found
in R. serratifrons. From the accompanying illustration (text-figure 1)
it is clearly seen that in the narrowing of the second and the third pieces
of the sternal shield R. hendersomz is an intermediate species between
R. serratifrons (and possibly Notosceles chimmonis Bourne also) on the
one hand, and the other typical species of Ran¢noides, like R. persona-
tus, on the other. All these considerations have led me to the opinion
that Henderson’s R. serratifrons does not show sufficiently important
differences from the other species of Raninoides to justify its separation
into another genus, and that in all probabilities Bourne’s Notosceles
will have to be sunk in the synonymy of Raninoides Milue-Edwards,

! Henderson, Journ, Linn. Soc. London (Zool.), V, pp. 408, 409, pl. xxxviii,
figs. 10-12, (1893)
2 Bourne, Journ. Linn, Soc. London (Zool.), XXXV, pp. 73-75 (1922).
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EXPLANATION OF PLATE III.

Raninoides hendersoni, sp. nov,

1.—Dorsal view of carapace and first abdominal somite : X 4.
la.—Right cheliped, further enlarged.

Raninoides personatus Henderson,

2.—Dorsal view of carapace and first abdominal somite : X 4.
2a.—Right cheliped of another specimen, further enlarged.

Raninodes serratifrons Henderson.

3.—Dorsal view of carapace and first abdominal somite : X 4.
3a.—Right cheliped, further enlarged.

Ixa investigatoris, sp. nov.

4.—Dorsal view: X 4.
4a.—Buccal cavern, further enlarged.
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AN ECOLOGICAL STUDY OF THE FAUNA OF THE KHEWRA
GORGE AND SOME OTHER SALT WATERS IN THE SALT
RANGE, PUNJAB,

By Hem SineE PruTHI, Zoological Survey of India.

INTRODUCTORY.

The Khewra Gorge is a small stream which runs between low hills!
near Khewra village (Jhelum district) in the Punjab. It is actually
a stream only during and just after the rainy season ; for the most part
of the year it is a chain of pools, some of which are connected with one
another by underground water channels. The water of this stream is
absolutely fresh at a distance of about three miles from Khewra, and
from there it is brought down by pipes for the use of the inhabitants
of this and the neighbouring villages. As the stream approaches
Khewra, it becomes gradually saline, its salinity near this village being
more than twice that of the sea. Below this village it loses the form
of a stream ; its water spreads and falls into the Jhelum river, which
runs at a distance of about three miles from Khewra.

Extensive literature exists on the fauna of the sea coasts of various
parts of Europe?. Blanchard and Richard (1892) and Roy and Gau-
thier (1927) described the Crustacean fauna (chiefly Copepods) of some
salt water lakes of Algeria and Tunis (N. Africa). Sars (1903) gave
an extensive account of the Crustacea of a large number of salt lakes
in Central Asia, but unfortunately did not give any exact salinity data
of the waters investigated. In India, Annandale (1907) and Kemp
(1917) made several investigations on the brackish-water fauna of the
Gangetic Delta and studied very exhaustively the fauna of the Chilka
Lake in Orissa and the Talé Sap lake in Peninsular Siam® Dr. S. L.
Hora in 1922 made a collection of both terrestrial and aquatic fauna
at several localities, including the Khewra Gorge, in the Salt Range,
Punjab. The reports on this fauna were published in the Records of the
Indian Mwuseum, Vol. XXV, 1923. Dr. Hora examined the Khewra
Gorge at one or two places only and did not study the chemical and
physical condition of the water at the time of making collections. As
the available literature shows, very few inland streams like the Khewra
Gorge, in which the salinity varies greatly at different places at the
same time of the year and in which it is not due to the addition of sea
water, have been thoroughly investigated. It is fairly well known that,
even though the salinity may be the same, the conditions of life in an
inland water are quite different from those in the sea. Buxton (1926)

! The geological structure of the Salt Range is described by Sir H. Hayden in the
Jhelum district Gazetteer as follows :—* The greater part of the districl lies on the
sund§tones and conglomerates of the Sewalik Series (upper tertiary), eto. The lowest
(I{edtls 1’;he salt mark and rock salt which affords the material for extensive mining in-

ustry.”

* H. v. Lengerken (Die Tier Welt d. Nord U. Ostsee, Teil XIe, Lief. 16, 1929) gives
a complete list of these works.

3 Systematic reports on the fauna of these two areas were made by numerous work-
ers and were published in the Memoirs of the Indian Museum, Vol. V, 1915-1924 and
Mem. Asiat. Soc. Beng., VI, 1916-1925, respectively.
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gave instances of several animals which can tolerate inland waters of
‘very high salinities but cannot apparently live in the sea. It was,
therefore, considered desirable to make an intensive study of the fauna
of the Khewra Gorge in special reference to the nature of its water.

The fauna of this stream was collected in the autumn of 1930 and
the spring of 1931. On both occasions the stream was in the fcrm of
a series of pools. The salinity was found to be higher on the latter occa-
sion. Between the two periods of making collections there had been
no intervention of a rainy season, which lasts from July to September.
During and just after this season the stream is continuous and flows
very rapidly and there is consequently a thorough mixing of the fauna
of its different parts. To study the changes in the fauna after the
intervention of a rainy season and thus complete the investigation,
I intended to pay another visit to the locality in September, 1931, but
in view of the financial stringency the project had to be abandoned.
As the financial conditions are not likely to improve in the near future,
it has been thought advisable to publish the results of the investigations
made on the two occasions mentioned above.

In addition to the Khewra Gorge, the fauna of the salt water lake
near Kallar Kahar and of a series of pools at Chalisa and Sodi were
also investigated. On the occasion of my second visit I examined also
the San Sakesar Lake near the village Uchhali at the base of the
Sakesar hills in the Salt Range. In the map of the Salt Range given
below the various waters investigated, except the San Sakesar Lake,
are indicated. This lake lies about 60 miles west of Kallar Kahar.

10 5 0 10 Miles.

REFERENCES

District Boundary. —
River. ... .. . i e e - -
Pond or Lake investigated. .. .. .. <O
Hills. .. .. . .. .. .. ..
Stream bed dry with water
flowing by underground Channels. ... T

Water fall in the Course
of the Stream. ... .. ..

THE EHEWRA GORGB, “
highly magnified
( Diagramatic ).

Tegr F13, 1.—Map of the Salt Range (part), Punjab, showing all the waters investigated except the San Sakesar Lak
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I determined the PH value (Colorimetric method), the temperature
and the oxygen content (Winkler’s method) of the water at the side
of the stream at the time of making collections. The salinity was rough-
ly measured in the Dak Bungalow at Khewra on the same day on which
the water samples were collected. But since, as was shown by Bert
(1883), Varigny (1883), Plateau (1883), Pantin (1931), etc., salinity
changes alone hardly give an accurate index to the suitability of a water
as a habitat for different animals, and ions like sodium, potassium, cal-
clum, etc., play an important role in this connection, it was proposed
to have all the water samples completely analysed. Dr. A. N. Puri,
D.8c. (Lond.), of the Irrigation Research Laboratory, Lahore, carried
out the chemical analyses including salinity determinations soon after
the collection of the samples. Col. R. B. Seymour Sewell made accu-
rate salinity determinations (by titration method as recommended by
the Conseil Permanent pour I’Exploration de la Mer) in Calcutta after
the expiry of one year, when the water samples were received back
from Dr. Puri. The samples had been stored in spring-stoppered glass
bottles provided with good rubber washers. The salinities mentioned
in the following pages were calculated from Col. Sewell’s figures of
halogen contents.

The credit for starting this research is mainly due to my colleague
and friend Dr. S. L. Hora, who as above mentioned had toured in the
Salt Range in 1922 and who not only drew my attention to the stream
but accompanied me to Khewra on the occasion of my first visit, vez.,
October 1930. My best thanks are also due to Col. R. B. Seymour Se-
well, Director, Zoological Survey of India, who took keen interest in
the investigations and afforded facilities for carrying out the same,
and to Dr. Baini Prashad for going through the manuscript and making
some useful suggestions.

Naturally I had to seek the help of many specialists both in India
and abroad for naming the various groups of animals collected and
I take this opportunity of expressing my indebtedness to them. I give
below the list of such workers. The orders and families of insects, which
are not mentioned below but are dealt with in the report, have been named
by myself with the help of my Assistant, Mz. S. Ribeiro.

Pisces . . Mr. D. D. Mukerji, Indian Museum, Calcutta.
Amphibia and Mollusca Mr. J. L. Bhaduri, Indian Museum, Caloutta.
Crustacea . . Mr. K. N. Das, Indian Museum, Calcutta.
Insects.

Coleoptera Prof. Dr. Heinrich Kuntzen (Berlin).

Dr. A. d’Orchymont (Brussels).
Dr. M. Cameron (London).

Mr. H. E. Andrewes (London).
Mr. S. Maulik (London).

M. E. Fleutiaux (Paris).

Rhynchota (part) Dr. G. E. Hutchinson (Yale).
Dr. O. Lundblad (Stockholm).
Odonota . Lt.-Col. F. C. Fraser.
Ephemeroptera . Dr. B. N. Chopra, Indian Museum, Calcutta.
Diptera . « Mr. F. W. Edwards (London).

Algae . . . « Dr. S. L. Ghosh, Government College, Lahore.
: N 2
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The fauna of the Khewra Gorge and the condstion of its water at the time
of making collections.

At the beginning of the investigation, the salinity of the stream was
roughly measured at several places, and eleven stations were selected
for intensive work. In this chapter these stations are described in
detail, the physical and chemical analyses of the water at each station
are appended and the animals collected at the stations are enumerated.
In the analyses the values are expressed as grams per litre except when
otherwise stated. The salinity was calculated from the halogen content
by the following formula of Knudsen :—Sal.=0-03-1-805xcl, where
cl is equal to the halogen content.

Sta. 1.

Near the first dam across the stream, about one furlong from Khewra.
Water shallow, clear, with long tufts of filamentous algae. Bottom

rocky, covered with fine, dark mud with a coating of reddish coarse
sediment.

Date and time of collection.—11th October, 1930. 3-15—10-30 a.m.

Physical and Chemical condition of the water—Temp. 27°C; PH
8:0; Alkali reserve 0-0038N ; Oxygen 4-14 cc. per litre. Total solids
75-96 gm. per litre; Ca 1-748 ; Mg 0-252; K 0-142; Na 27-691; SO,
1-799 ; HCO, 0-0114 ; NO, 0-0124 ; Conductivity 13-98. Halogen con-
tent 43-49 ; Salinity 78-529.

Na & Cl constituted the major portion (36:46 per cent. and 58-33
per cent. respectively) of the total solids; Ca 2:3 per cent. (Tables I
and II).

Fauna.—No animal life except insects.

Coleoptera.
Hydrophilidae . 1. Octhebius sp. (Adult). Very common.
2. Berosus punctulatus
f. col. mmaculicollzs
Fairm. sensu Knisch ’ Common.
Ephemeroptera.
Baetidae . . Cloéon sp. . (Larvae). Extremely com-
mon.
Drptera.
Chironomidae . Culicoides sp. (Larvae). Some,
» . Gen. and sp.? . ’ ’
Tabanidae . . Tabanus sp. . . . A few.

Under stones on the sides of the water channel an earwig, Labidura
sp. and a spider, Lycosa sp. were fairly common.

Date and time of collection.—27th March, 1931. 8—10 a.m.

Physical and Chemical condition of the water—Temp. 21-0°C ; PH
7-86 ; Oxygen 3-02 cc. per litre ; Halogen content 92-42 ; Salinity 166-830.
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Fauna.—The Berosus beetle, may-fly and chironomid larvae obtained
in October, 1930 were absent. In addition to the other species obtained
in October, 1930, the following were collected :—

Coleoptera.
Hydrophilidae Probably Berosus sp. . (Larvae). Some.
Chrysomelidae Psylliodes tenebrosus *

Jac. . (Adult). ’
Elateridae Drasterius collarts Cand. ’ A few.
Rhynchota.
Hydrometridae = Hydrometra sp. . (Adult). A few.
Duptera.
Sciomyzidae Geen. and sp. ? . (Larvae). Some.
Sta. 2.

About } mile beyond Sta. 1. High red rocks on both sides of the
stream. Water shallow, laden with red sediment. Some algae present,
chiefly Chaetomorpha sp., near herbipolensis Lag.

Date and tvme of collection.—12th October, 1930. 7-30—10-30 a.m.

Physical and Chemical condition of the water.—Temp. 26-4°C ; Oxygen
3-35 cc. per litre ; PH 7-95 ; Alkali reserve 0-0044 N. Total solids 87-536
gm. per litre; Ca 1-888; Mg 0-231; K 0-089,; Na 33-047 ; SO, 1-530;
HCO, 0-0126 ; NO, 0-0093 ; Conductivity 15-65 ; Halogen content 50-55 ;
Salinity 91-273.

Na and Cl constituted the major portion (37-76 per cent. and 57-97
per cent.) of the total solids. Ca 2-16 per cent. only (Tables I and II).

Fauna.—No animal life except insects.

Coleoptera.
Hydrophilidae Octhebius sp. . . (Adult). Extremely com-
. mon.
’ Berosus punctulatus
f. col. immaculicollis
Fairm. sensu Knisch. ) Common.
) . Enochrus sp. ’ A few,
. Enoplurus sp. ” .
' Gen. and sp. ? . (Larvae). About 1 doz.
Ephemeroptera.
Baetidae Cloéon sp. (Larvae). Common.
Diptera.
Chironomidae Culicoides sp. . . (Larvae). A few.
’ Gen. and sp. ¢ . . ’ »

Under stones on the sides of the water channel the earwig Labidura
ripara and a spider, Lycosa, sp. were present.

* In the opinion of Mr, S. Maulik, the presence of Psylliodes tenebrosus in salt water
is probably acocidental.
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Date and time of collection.—9th April, 1931. 8—9 a.m.

Physical and Chemical condition of the water.—Temp. 20-7°C ; PH
7-95 ; Oxygen 3+4 cc. per litre ; Halogen content 68-66 ; Salinity 123-961.

Fauna.—The Berosus beetle, may-fly and chironomid larvae obtained
in October, 1930 were not found. In addition to the other animals
obtained in October, 1930, the following were collected :—

Coleoptera.
Hydrophilidae . Probably Berosus sp. . (Larvae). Common.
Staphylinidae Platystethus cornutus Gr. (Adult).  Few.

Sta. 3.

About } mile beyond station 2. Water clear, thickly covered with
algae of several species, e.g., Enteromorpha sp., near salina Kutz. ; Chae-
tomorpha herbipolensis Lag. and Cocconets pediculus Ehr. Bottom
rocky or covered with pebbles. Depth 1-2 ft.

Date and time of collection.—13th October, 1930. 8—I11 a.m.

Physical and Chemical condition of water—Temp. 24-4°C; Oxygen
4-65 cc. per litre ; PH 8-05 ; Alkali reserve 0-0052 N ; Total solids 40-916 ;
Ca 1-2; Mg 0-17; K 0-086 ; Na 15-059 ; SO, 1-473 ; HCO, 0-0174 ; NO,
0-0124 ; Conductivity 8-264 ; Halogen content 23-45; Salinity 42-357.

Na 36-81 per cent.; Cl 55-97 per cent.; Ca 2-93 per cent. (Tables I
and II).

Fauna.—No animal life except insects.

Coleoptera.

Hydrophilidae Berosus punctulatus
f. col. tmmaculicollis

Fairm. sensu Knisch (Adult). A few.

’ . Octhebius sp. ’ ’

” Enochrus sp. ’ ’
Dytiscidae . Potamodytes sp.t ” Few.
Dryopidae Dryops sp. ”» ’

Ephemeroptera.
Baetidae . Cloéon spp. (Larvae Numerous.
and dead
adults).

Under stones near the sides of the water channel, the earwig Labidura
riparia present,

Date and time of collection.—9th April, 1931, 9—10 a.m.

Physical and Chemical condition of water.—Temp. 217°C; PH 8:1;
Oxygen 4-1 cc. per litre ; Halogen content 28-27 ; Salinity 51-057.

Algae in great abundance,

Fauna.—Berosus, Potamodytes and Dryops beetles obtained in Octo-
ber, 1930 were absent. In addition to the other species obtained in
Oet(i})er, 1930, the larvae of a species of Tabanus were found in large
number.

1 Dr. H. Kuntzen considers this to be a new species.
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Sta. 4.

A small and shallow streamlet flowing out of the main stream near
station 3. Bed covered with small stones, water clear, slightly yellowish.
Sides covered with deposits of salts. Hardly any vegetation.

Date and time of collection.—13th October, 1930. 7—9-30 a.m.

Physical and Chemacal condition of water—Temp. 24-0°C; Oxygen
285 ce. per litre ; PH 81 ; Alkali reserve 0-0038 N, Total solids 137-84 ;
Ca 2752 ; Mg 0-372; K 0-152; Na 54-064 ; SO, 0783 ; HCO, 0-0126 ;
NO; 0-0124; Conductivity 22-42; Halogen content 79-70; Salinity
143-889.

Na 39-23 per cent. (more than in any other water examined), Cl
57-84 per cent. ; NO, 0-009 per cent. (least); Ca 2-00 per cent. (Tables
I and II).

Fauna.—No animal life except insects.

Coleoptera.
Hydrophilidae  Octhebius sp. . « (Adult). Extremely com-
mon.

Berosus punctulatus .
1. col. immaculicollis
Fairm. sensus Knisch ' Some.

Enochrus sp. ’ ’

Enoplurus sp. ’ ’

Date and time of collection.—9th April, 1931. 8—9 a.m.

Physical and Chemical condition of water.—Temp. 23-8°C; PH 7-8;
Oxygen 2-8 ce. per litre ; Halogen content 72-46 ; Salinity 130-82.

Fauna.—No animal life except insects. Berosus, Enochrus and
Eroplurus beetles not found. In addition to Octhebius sp. which was

very common, a specimen of a Thysanuran and a large number of Scio-
myzid larvae (Diptera) were found.

Sta. 5.

A large, deep pool in the course of the stream near its first sharp
turning. Bottom rocky, in some places muddy or covered with coarse
shingle. Water clear. Several species of algae present, e.g., Spirogyra
sp., Oedogonium sp., Navicula (Pinnularia) parva Ehrenb., Cymbella
helvetica Kutz., C. cymbiformis Kutz., Synedra acus Kutz., Nilzschia

angustata W. Sm. var. genuwina Meist, and Tryblionella punctata (W.
Sm.) Grun.

Date and time of collection.—14th October, 1930. 9-30—11-30 a.m.

Physical and Chemical condition of water.—Temp. 25:2°C ; Oxygen
b cc. per litre ; PH 8:0; Alkali reserve 000564 N. Total solids 38-224 ;
Ca 1-140; Mg 0-178; K 0-129; Na 13:856 ; 80, 1-463 ; HCO, 0-0183 ;
NO; 0-0124; Conductivity 7-874; Halogen content 21-51; Salinity
38-856.



94 Records of the Indian Museum. [ VoL. XXXV,

Na 36-25 per cent. ; Cl 56-06 per cent.; Ca 2-98 per cent. ; K 0-337
per cent. ; SO, 3-83 per cent. (Tables I and II).
Fauna.—No animal life except insects.

Coleoptera.
Hydrophilidae Berosus punctulatus
f. col. immaculicollis
Fairm. sensu Knisch (Adult). Common.

Enochrus sp. . . ’ A few.
Dytiscidae . . Potamodytes sp. . . ’s Common.
Dryopidae . Dryops sp. . " Some.
Ephemeroptera.
Baetidae . . Cloéon spp. . (Larvae). Common.
Diptera.
Tabanidae Tabanus sp. . ’ »

Date and time of collection.—9th April, 1931. 9—10 a.m.

Physical and Chemical condition of water.—Temp. 21-7°C; PH 7T ;
Oxygen 4-8 cc. per litre.

Fauna.—In addition to the species found in October, 1930, a few
specimens of the Carabid Tachys quadrillum Schaum and the Hemipteron
Heleocoris were obtained. The beetle Enochrus sp. was much more
common. Some dead specimens of adult may-flies (Cloéon spp.) were
also obtained.

Sta. 6.

The stream at the first sharp turning, about 50 yds. from Sta. 5;
Water clear, depth 2—2-5 ft. Bottom covered with pebbles, stones and
large pieces of rock. Several species of algae present, e.g., Enteromorpha
sp. prox. salina Kutz., Chaetomorpha herbipolensis Lag., Cocconeis pedi-
culus Ehr., Amphora sp., Nitzschia sp.

Date and time of collection.—14th October, 1930. 7-15—10-30 a.m.

Physical and (Qhemical condition of water.—Temp. 23-20°C; Oxygen
5-7 cc. per litre ; PH 8-15 ; Alkali reserve 0-0062 N. Total solids 9-928 ;
Cas 0-436 ; Mg 0-090; K 0-096 ; Na 3-345; SO, 0-482; HCO, 0-0177 ;
NO, 0-0124 ; Conductivity 2-278 ; Halogen content 6-01 ; Salinity 10-878.

With the exception of Na and Cl the percentage of all the ions more
than at the previous five stations. Na 33-7 per cent. ; Cl 54-91 per cent. ;
Ca 4-39 per cent. ; Mg 0-906 per cent. (Tables I and IT).

Fauna.—In addition to insects, an amphibian and some fish were
also obtained.

Insecta.
Coleoptera.
Dryopidae Dryops sp. (Adult). Very common.
Dytiscidae Hydaticus fabricis, Mac-
Leay ’ Some,
. . Potamodytes sp. » Common.
Ephemeroptera.

Baetidae . . Cloéon sp. (Larvae). Numerous.
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Odonata.
Libellulidae Trithemis sp., probably
festiva (Ramb.) (Nymphs). Some.
Diptera.
Tabanidae Tabanus sp. (Larvae). Some.
Amphibia.
Ranidae Rana cyanophlyctis
Schneid. (Adult). Some.
Pisces.
Cyprinidae Barilvus vagra (Ham.
Buch.) Some.

The lip of a small fall at the head of station 6 was covered with a
thick growth of algae in which Chironomid larvae (forming tubes on
stones) and a Veliid bug (Hydrometridae) were fairly abundant.

Date and time of collection.—29th March, 1931. 10—11-30 a.m.

Physical and Chemical condition of water.—Temp. 21-6°C; PH 7-9;
Oxygen 6-4 cc. per litre ; Halogen content 5:26 ; Salinity 9-524.

Founa.—May-fly larvae were absent. .In addition to the other
species found in October, 1930, the following were obtained :—

Coleoptera.
Hydrophilidae ? Berosus sp. (Adult). Common.
. Enochrus sp. s Some.
’ Gen. and sp. ? (Larvae). Common.
Sta. 7

A large pool in the course of the stream, about 100 yds. from Sta.
6. Water clear, greatest depth 6 ft., bottom sandy. Algae few, e.g.,
stray filaments of Oedogonium sp., Phromidium molle (Kutz.), and Co-
cconets pediculus Ehrenb.

Date and time of collection.—14th October, 1930. 9-45—11-30 a.m.,

Physical and Chemical condition of water.—Temp. 23-3°C; Oxygen
5-0 cc. per litre ; PH 8:0; Alkali reserve 0-0051 N. Total solids 4-42 ;
Ca 0-284; Mg 0-122; K 0-034; Na 1-376; SO, 0-304 ; HCO, 0-0171 ;
NO, 0-0124 ; Conductivity 1-064 ; Halogen content 2-85 ; Salinity 5-174.

Percentage of Na and Cl less, and that of all other ions higher than
at the previous stations. Great increase in the percentage of Ca (6-43
per cent.) and Mg (2-76 per cent.). (Tables I and II.)

Fauna.—Representatives of Insecta, Mollusca, Amphibia and Pisces

obtained.

Insecta.
Coleoptera.
Hydrophilidae  Gen. and sp. ? . . (Adult). Common.
’ Enochrus sp. ’ Some.
Ephemeroptera.

Baetidae Cloéon sp. . . (Larvae). Some.
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Trichoptera.
Polycentropidae Gen. and sp. ¢ . . (Larvae) Some.
Odonata.
Libellulidae . Trithemzs sp. probably
Jestiva (Ramb.) . (Nymphs). Common.
Rhynchota.
Nepidae . Ranatra elongata Fabr. (Adult). Some.
Mollusca.
Melanidae Melanoides flavidus
(Nevill) . "~ Common.
Amphibea.
Ranidae . . Rana cyanophlyctis
Schneid. . . (Adult). Common.
Pisces.
Cyprinidae Scaphiodon readingt
Hora Common.

Date and time of collection.—31st March, 1931. 9-30—10-30 a.m.

Physical and Chemical condition of water.—Temp. 21-2°C; PH 7-7;
Oxygen 6 cc. per litre ; Halogen content 3-51 ; Salinity 6-366.

Fauna.—In addition to the animals obtained in the autumn of 1930,
the following species were collected :—

Insecta.
Rhynchota.
Notonectidae Enithares lineatipes
Horv. . . . (Adult). A few.
Coleoptera.
Carabidae Dyschirius sp. . (Adult). A few
Hydrophilidae ¢ Berosus sp. . Common.
Dytiscidae . Potamodytes sp. . ” A few.
Dryopidae . Dryops sp. . . o Common.
Diptera.
Tabanidae . Tabanus sp. . (Larvae). Some.
Prisces.
Cyprinidae . Crossochilus latius (Ham.
Buch.) . . . Some.
Sta. 8.

A deep pool below a water fall near the second dam across the stream,
Water clear. Bottom sandy or covered with gravel and small stones.
Several species of algae present, e.g., Oedogonium sp. (stray filaments,
sterile) ; Phromidium molle (Kutz.) Gom., Denticula crassula Naeg.,
Gomphonema subclavatum Grun., Calothriz minima Fremy.

Date and time of collection.—15th October, 1930. 8—10 a. m.



1933.] H. 8. Prurar: Ecological Study in Salt Range, Punjab. 97

Physical and Chemical condition of water.—Temp. 23-0°C; Oxygen
5:0 cc. per litre ; PH 8-20 ; Alkali reserve 0:0053 N. Total solids 1-744 ;
Ca 0-224 ; Mg 0-107 ; K 0020 ; Na 0-385 ; SO, 0-276 ; Cl 0-710 ; HCO,
0-0093 ; NO, 0-0124 ; Conductivity 0-422 ; Halogen content 0-74 ; Sali-
nity 1-366.

Sudden fall in the percentage of Na (22:08 per cent.) and Cl (40-71
per cent.) and sudden rise in that of Ca (12-84 per cent.), Mg (6:13 per
cent.,), K (1-147 per cent.) and SO, (15-83 per cent.), ete. (Tables I
and II).

Fauna.—Representatives of Platyhelminthes, Annulata, Crustacea,
Insecta, Mollusca, Amphibia and Pisces obtained.

Platyhelminthes.
Turbellaridae . Gen.and sp. ? . . Common on stones.
Annulata.
Hirudinea, . Glossiphonia reticulata
Kaburaki . . 2 specimens.
Crustacea.
Potamonidae Potamon (Potamon) flu-
watile (Latr.) var.
monticola W.-M. . Common under stones.
Insecta.
Coleoptera.
Dryopidae Dryops sp. . . (Adult). Few.
Ephemeroptera.
Baetidae Caenis sp. . . . (Larvae). Few.
’ Choroterpes sp. . . ’ ’
Trichoptera.
Polycentropidae Gen. and sp. ? . . (Larvae). Very common.
Odonata.

Aeschnidae . Anaz guitatus Burm. (Nymphs). A few.
Mollusca.

Melanidae . Melanoides flavidus
(Nevill) . . . Common on stones near
the edges.
Amphibra.
Ranidae . . Rana cyanophlyctis
Schneid. . . Common,
Prsces.
Cyprinidae . Garra montis-salst Hora ’
Crossochilus latius (Ham.
Buch.) . Some.
Scaphiodon reading:
Hora Common.

Date and time of collection.—10th April, 1931.
Physical and Chemical condition of water.—Temp. 21:4°C; PH 7-8 ;
Oxygen 572 cc. per litre ; Halogen content 1-08 ; Salinity 1-979.
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Fauna.—Planarians and Choroterpes larvae (Ephemeroptera) were
not found. In addition to the other animals obtained in the autumn

of 1930, the following were collected :—

Insecta.
Coleoptera.
Carabidae Tachys blandus Andr.  (Adult). Some.
Dytiscidae Potamodytes sp. . . » Fairly common.
’ Hydaticus sp. . . ' A few.
’ Gen. and sp. ¢ . . ’ ’
Elateridae Drasterius collarts Cand. ’ ’
Rhynchota.
Nepidae Ranatra elongata Fabr. (Adult). Some.
Notonectidae Ewithares lineatipes
Horv. ’ ’
Odonata.
Libellulidae Trithemus sp., probably
festiva (Ramb.) (Nymphs). Some.

At the lip of the fall at the head of station 8, aquatic caterpillars
belonging to the genus Aulocodes (Pyralidae), a small Veliid bug (Hy-
drometridae), a tiny Corixid bug (considered to be a new species by Dr.
Lundblad) and Chironomid larvae were obtained.

Sta. 9.

A series of small pools and rapids in the course of the stream, 50
yds. beyond station 8. Bottom and sides rocky (limestone). Five
species of algae present, viz., Chaetomorpha herbipolensis Lag., Fra-
gillaria capucina Desm., Nitzschia palea Kutz., Cymbella heloetica Kutz.,
Amphora sp.

Date and time of collection.—15th October, 1930. 10—12 a.m.

Physical and Chemical condition of water.—Temp. 23-4°C; Oxygen
6-3 cc. per litre ; PH 825 ; Alkali reserve 0-0056 N. Total solids 1:344 ;
Ca 0-168; Mg 0-052; K 0-032; Na 0-431; SO, 0-107; HCO, 0-0162 ;
NO, 0-0124 ; Conductivity 0-317 ; Halogen content 0-51 ; Salinity 0-951.

(reat increase in the percentage of K (2:381 per cent.); Ca and Cl
about same as at Sta. 8; Na 32-07 per cent. (Tables I and II).

Fauna.—Representatives of Insecta, Mollusca, Amphibia and Pisces

obtained.

Insecta.

Coleoptera Gen. and sp. ? (Larvae). Common,
Ephemeroptera.

Baetidae . Baetis sp. . ’ ’
Trichoptera.

Polycentropidae Gen. and sp. ? . . (Larvae). Common.
Rhynchota. .

Gerridae . Metrocoris stali (Dohrn) (Adult), Some.

Metrocoris sp. . . 2 »
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Mollusca.
Melanidae Melanoides flavidus
(Nevill) . Some.
Amphabia.
Ranidae . Rana cyanophlyctis
Schneid. Quite common.
Prisces.
Cyprinidae Garra montis-salst
‘Hora Some.
' Crossochilus latius
(Ham. Buch.) "
. Scaphiodon reading:
Hora .

Date and tvme of collection.—10th April, 1931.

Physical and Chemical condition of water.—Temp. 21-6°C ; PH 7-85 ;
Oxygen 6-88 cc. per litre ; Halogen content 1-08 ; Salinity 1-979.

Fauna.—In addition to the animals obtained in the autumn of 1930,
the following were collected :—

Coleoptera.
Hydrophilidae  ? Berosus sp. (Adult). Common.
Dytiscidae Potamodytes sp. . ’ "
y Hydaticus fabricis Mac-
. Leay " A few.
Odonata.

Libellulidae Trithemis sp., probably
festiva (Ramb.) (Nymphs). Common,

Rhynchota.

Notonectidae Enathares lineatipes

Horv. (Adult). A few.

Gerridae Metrocoris stali Dohrn. s Some.

Naucoridae Heleocoris sp. (Nymphs). ,,
Duptera.

Simuliidae Stmulium sp. (Larvae). Some.

Chironomidae = Gen. and sp. ? ’ '
Trichoptera.

Polycentropidae Gen. and sp. ? (Larvae). Some.

Sta. 10.

About } mile from station 9, where the water pipes cross the stream.
Water shallow, flowing very slowly. Bottom rocky. Four species of
algae present, viz., Spirogyra sp. (sterile), Fragillaria capucina Desm.,
Denticula crassula Naeg., Cymbella ehrenbergr Kutz.

Date and time of collection.—18th October, 1930.

Physical and Chemical condition of water.—Temp. 23-0°C; PH 81 ;
Alkali reserve 0-0084 N ; Oxygen 5:75 cc. per litre. Total solids 0-480 ;
Ca 0-152; Mg 0-039; K 0-004; Na 0-066; SO, 0-136 ; HCO,; 0-0144 ;
N0, 0-0186 ; Conductivity 0-112 ; Halogen content 0-08 ; Salinity 0-174.
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Na 13-75 per cent. (least) ; Cl 10-42 per cent. (very low) ; percentage
of Ca (31-67 per cent.), Mg (8-12 per cent.), SO, (28-33 per cent.), NO,
(3-85 per cent.) and HCO,; (3-0005 per cent.) higher than at any other
place in the Khewra Gorge.

Fauna.—Representatives of Insecta, Crustacea, Mollusca and Pisces
obtained.

Insecta.
Rhynchota.
Nepidae . Ranatra elongata Fabr. (Adult). A few.
Gerridae . Metrocoris sp. . ’ ’
Ephemeroptera.
Baetidae Choroterpes sp. (Larvae). Common,
Odonata.
Aeschnidae . Anax guttatus Burm.  (Nymphs). Common.
” . Brachydiplax sp. . . ” A few.
’ Gomphus sp. » »
Crustacea. .
Potamonidae Potamon (Potamon) flu-
viatile  (Latr.) var.
monticola W.-M. . _ Some.
Mollusca. ‘
Melanidae Melanordes flavidus
(Nevill) . Common.
Pisces. .
Cyprinidae Scaphiodon reading:
Hora . (Young). Common.

Date and time of collection.—2nd April, 1931.

Physical and Chemical condition of water.—Halogen content 0-32 ;
Salinity 0-608.

Fauna.—In addition to the animals obtained in the autumn of 1930,
the following were collected :— ‘

Insecta.

Coleoptera.
Carabidae Tachys blandus Andr, . (Adult). Some.
Dytiscidae Potamodytes sp. ’

s Gen. and sp. ? (Larvae). A few.
’ Gen. and sp. ¢ . ’
Hydrophilidae  ? Berosus sp. . (Adult).

b

»

Elateridae Drasterius collarts Cand. ’ )
Ephemeroptera.
Baetidae Choroterpes sp. (Larvae). Very common.
v Ephemera sp. (Larva). 1 specimen.
Rhynchota.
Naucoridae Heleocorts sp. (Adult). A few.
Duptera.

Chironomidae . Gen. and sp. ? (Larvae). Some.
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Sta. 11.

A series of shallow pools, rapids and falls above the water reservoir.
Water clear ; bed rocky. Several species of algae present, e.g., Spi-
rogyra sp. (sterile) ; Oedogonsum sp. (sterlie); Cosmarium sp. (rare) ;
Cymbella helvetica Kutz. ; Denticula crassula Naeg.; Gomphonema sub-
clavatum Grun.; Nawvicula (Pinnularia) parva Ehrenb.; Rhopalodia
gibba (Ehrenb.) Muller ; Cymbella ventricosa Kutz. ; Chroococcus turgidus
(Kutz.) Naeg. ; Homoeothriz sp., prox. juliana (Menegh.) Kirchn.

Date and time of collection.—18th October, 1930. 8-30—11-30 a.m.

Physical and Chemical condition of water—Temp. 21-0°C; Oxygen
6-5 cc. per litre ; PH 8-1; Alkali reserve 0-0048 N. Total solids 0-720 ;
Ca 0-204; Mg 0-044; K 0-040; Na 0-233; SO, 0-113; HCO, 0-0171 ;
NO, 0-0186 ; Conductivity 0-1171 ; Halogen content 0-05 ; Salinity 0-120.

Percentage of K (5-556 per cent.) much higher and that of CI (6-94
per cent.) lower than in any other water investigated. Ca (28-34 per
cent.), NO,.(2-5835 per cent.) and HCO, (2:3750 per cent.) very high ;
Na 32-36 per cent. (Tables I and II).

Fauna.—Representatives of Platyhelminthes, Insecta, Crustacea,
Mollusca, Amphibia and Pisces obtained.

Platyhelminthes.
Turbellaridae Gen. and sp. ? . Common.
Insecta.
Ephemeroptera
Baetidae Baetis sp. . . (Larvae). Common.
Trichoptera.
Polycentropidae Gen. and sp. ? . (Larvae). Common.
Rhynchota.
Gerridae . Metrocoris stali (Dohrn) (Adult). Some.
Metrocoris sp. . ’ ’
Veliidae . . Gen. and sp. ? . " Common in
rapid water.
Duptera.
Chironomidae Gen. and sp. ¢ . (Larvae). Common in
rapid water.
-Crustacea. -~

Potamonidae . Potamon (Potamon) flu-
watile (Lat.) var.
tbericum (Mar. deBieb.) ..  Some.

Mollusca.
Melanidae . Melanoides flavidus
(Nevill) . . Common.
Amphibia.
Ranidae Rana cyanophlyctis
Schneid. Fairly common.
Prsces.
Cyprinidae . Scaphiodon reading:
Hora . Very common,
' Garra montis-salst Hora . Common.
. Crossochilus latius

(Ham. Buch.) . . .. .,
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Date and time of collection.—3rd April, 1931.

Physical and Chemical condition of water.—Halogen content 0-09 ;
Salinity 0-192.

Fauna.—Planarians were not found. In addition to the other
animals collected in October, 1930, the following were obtained :—

Insecta.
Coleoptera.
Hydrophilidae  ? Berosus sp. (Adult).  Some.
Dytiscidae Potamodytes sp. . . A few.
. Laccophilus flexuosus
Aube ’ ”
Rhynchota.
Naucoridae Heleocorts sp. A few.
Notonectidae Enathares lineatvpes
Horv. ’

A LARGE TANK NEAR THE CHALISA RAILWAY STATION.

Close to the Railway line. Water slightly turbid. Bottom muddy.
Plenty of vegetation both on the shore and in the water. The alga
Cyclotella kutzingiana Thwait very common.

Date and tvme of collection. —22nd October, 1931. 6-30—9-30 a.m.

Physical and Chemical condition of water.—Temp. 24-2°C; Oxygen
5-00 cc. per litre ; PH 8-7 ; Alkali reserve 0-0012 N. Total solids 6-920 ;
Ca 0-660; Mg 0-143; K 0-132; Na 1-7556; SO, 0-854 ; HCO, 0-0036 ;
NO, 0-0139 ; Conductivity 1-548 ; Halogen content 3-27 ; Salinity 5-932.

Ca 9-54 per cent. ; Mg 2:07 per cent. ; K 1907 per cent. ; Na 25-36
per cent. ; SO, 12-34 per cent. ; Cl 48:52 per cent.

Fauna.—Representatives of Insecta and Pisces obtained.

Insecta.
Coleoptera.
Hydrophilidae Enoplurus indica
Motsch. (Adult). Some.
Dytiscidae Laccophilus flexuosus
Aube ”» Very common.
’ Canthydrus laetabilis
Walk., . . A few.
Rhynchota.
Nepidae . Ranatra sordidula Dist. (Adult). Common.
” . Laccotrephes sp. . (Nymphs). Some.
Gerridae Gerris tristan Kirk, . (Adult). ’
” Gerris spinolae Leth.
and Serv. ’ ’
. Gerres fossarum Fabr. . » »
Belostomidae  Sphaerodema molestum ,
Duf. . ’ A few,
Notonectidae  Anisops sp. . . ” ’

Plea sp. . . e

11
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Odonata.
Agrionidae Ischnura aurora
. (Brauer) (Nymphs). Very common.
Coenagrionidae Gen. and sp. ? . A few.
Aeschnidae Anazx guttatus (Burm.) ' .
Ephemeroptera.
Baetidae Cloéon sp. (Larvae). Numerous.
' Baetis sp. . ’ Some.
Diptera.
Chironomidae  Culicoides or Dasyhelea
Sp. (Larvae). Common.
’ Gen. and sp. ? s .
Trichoptera.
Sericostomarti-
dae Gen. and sp. ? (Larvae). Common.
Pisces.
Cyprinidae Chela punjabensis Day Common.
" Barbus punjabensis Day .

TWO PONDS NEAR THE SoODI RAILWAY STATION.

Water shallow, bottom muddy. Plenty of vegetation both on the
shore and in the water. Three species of algae present, viz., Cyrosigma
acuminatum Kutz., stray filaments of Spirogyra sp. (sterile) and Oedo-
gonium franklianum Witter.

Date and time of collection.—17th October, 1930. 4-30—6-30 p.m.

Physical and Chemical condition of water.—Temp. 27-0°C; Oxygen
8-88 cc. per litre ; PH about 10 ; Alkali reserve 0-0015 N. Total solids
23-474 ; Ca 1:188 ; Mg 0-772 ; K 0-056 ; Na 6-247 ; SO, 7-744 ; CO, 0-003 ;
HCO, 0-0001 ; NO; 0-0124 ; Conductivity 3-02; Halogen content 7-01 ;
Salinity 12-683.

Percentage of SO, (33-00 per cent.) higher than in any other water
investigated ; Ca 5:06 per cent. ; Mg 3-29 per cent. ; K 0-239 per cent. ;
Na 26-61 per cent. ; Cl 31-76 per cent. (Tables I and II).

Fauna.—Representatives of Insecta and Pisces obtained.
Insecta.

Coleoptera.
Dytiscidae Eretes sticticus L. sub-sp.
griseus Fabr. (Adult). Very common.
Rhynchota.
Notonectidae  Anisops sp.. (Adult).  Very common.
Odonata.
Coenagrionidae Gen. & sp.? (Nymphs). A few.
Agrionidae . Agriocnemas sp. . » Some,
Libellulidae Gen. and sp. ? ” A few.
» Trithemis sp., probably
festiva (Ramb.) ”» »
Prsces.
Cyprinidae Barbus punjabensis Day ..  Common.

o)
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Tae KarLrLaAr Kaunar LAKE.

A large body of water, about a mile long and half a mile broad.
Greatest depth 3 or 4 ft. Margins formed of black fetid mud. Plenty
of vegetation in the water, making rowing of even a small boat difficult.
Hardly any tree on the sides. No macroscopic free swimming algae,
but the following found in bits :—Cladophora, Anabaena, Chroococcus,
Aphanocapsa, ete.

Date and tvme of collection.—20th October, 1931. 3-30—6 p.m., and
21st October, 1931. 7—10 a.m.

Physical and Chemrcal condition of water—PH 9-5; Alkali reserve
0-0010 N. Total solids 4-508 ; Ca 0-080 ; Mg 0-116 ; K 0-312 ; Na 1-:2716 ;
S0, 0-8443 ; CO, 0-0156 ; HCO,4 0-0132 ; NO, 0-0093 ; Conductivity 0-954 ;
Halogen content 1-83 ; Salinity 3-333.

Percentage of K (6:92 per cent.) higher than in any other water
investigated ; SO, 18-72 per cent. (very high) ; Ca 1-771 per cent.; Mg
257 per cent. ; Na 28:20 per cent. ; Cl 40-95 per cent. (Tables I and II).

Fauna. No animal life except insects.

Rhynchota.

Notonectidae Anisops sp.. (Adult). Very common.
Trichoptera.

Sericostomatidae Gen. and sp. . (Larvae). Very common.
Odonata.

Libellulidae Gen. and sp. ? (Nymphs). A few.

Coenagrionidae Gen. and sp. ¢ . . . Common.
Drptera.

Chironomidae Tanytarsus sp. . . (Larvae). Common.

Chironomus sp. ” »

2

A great variety of Diptera (Ephydridae, Dolichopodidae, Antho-
myiidae) were seen hovering near the edges of the lake. This indicates
that the larval life of these forms is most probably passed in this
water.

Remarks.—The animal life in the Kallar Kahar Lake was undoubtedly
poor, but it was not so poor as in 1922 when Dr. Hora visited it and re-
ported that ““ no animals were found to live in it .

THE SAN SAKESAR LAKE.

A large and shallow body of water, with hardly any vegetation.
Shores absolutely bare, of very soft, dark mud. At some distance
from the lake the soil suitable for ordinary crops.

Date and time of collection.—17th April, 1931. 4—6 p.m.

Physical and Chemcal condition of water.—Total solids 53-34; Ca
0-058 ; Mg 1-545; K 0-323 ; Na 18-1; 80,13-1; CO, 0-18; HCO, 0-41;
N 0-01593 ; Halogen content 17-86 ; Salinity 32:267.

Percentage of Ca (0-11 per cent.) lower than in any other water
investigated ; Mg 2-95 per cent. ; K 0-615 per cent. ; Na 3446 per cent. ;
Cl 35-67 per cent. ; SO, 24-98 per cent. (Tables I and II).
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Fauna.—The collection was mostly made near the edges of the
lake, it being impossible to get to the centre. The only animal obtained
was a red coloured Cyclop, Diaptomus salinus v. Daday, which was in
such large numbers that it gave to the water a reddish hue. This and
several other species of Diaptomus are known from salt waters of
Central Asia (Sars, 1903), Algeria and Tunis (Roy and Gauthier, 1927).

Remarks.—This lake has recently been visited by Mr. G. E. Hut-
chinson, a member of the Yale University North-India Expedition, who
informs me that he has found nothing in the lake except Mucrocystis
roseopersicina which is probably the food of Diaptomus salinus.

REMARKS ON THE POWER OF VARIOUS GROUPS OF ANIMALS COLLECTED
TO WITHSTAND HIGH SALINITIES.

Platyhelminthes.—A Planarian was collected in the Khewra Gorge
at Stations 9 (Sal. 0-95) and 11 (Sal. 0-12) in October, 1930. It was not
met with in April, 1931, when the salinity of these two stations was 1-97
and 0-19 respectively. Obviously its absence at station 10 (Sal. 0-32—
0-80) was not due to a higher salinity, but probably due to the peculiar
chemical condition of the water (see p. 99 ).

Annulata.—HIRUDINEA. Several species of this group have been
obtained from brackish waters. Annandale and Kemp obtained Lim-
natis milotica from salt water springs in Seistan. Two specimens of the
Leech Glossiphonia reticulata Kaburaki were collected in the Khewra
Gorge at station 8 (Sal. 1-36) in October, 1930. None was obtained in
April, 1931. Kaburaki described this species from a single specimen
found attached to the mantle of a species of Anodonta® at Jullundur
(Punjab). According to Harding and Moore (1926), the family Glossi-
phonidae, under which @. reticulata is included, is known to occur in
fresh water only. But it appears that the genus Glossiphonia has some
attraction for salt water, as two species of this genus were collected from
the Chilka Lake (Harding, 1920 and Kaburaki, 1921), while G. reticulata
as mentioned above, has been obtained from the Khewra Gorge.

Crustacea.—The crab Potamon (Potamon) fluviatile (Latr.) var. mon-
ticola W .-M. was collected in the Khewra Gorge at stations 8 (Sal. 1-97)
and 10 (Sal. 0-08). At station 11 (Sal. 0-12) the variety bericum (Mar.
de Bieb.) was obtained. These crabs were met with both in October,
1930 and April, 1931. The variety sbericum which was described from
Assam has so far not been reported from the Punjab, though the variety
monticola occurs abundantly in this area. The San Sakesar Lake
(Sal. 32-26) had no animal life except the Crustacean, Diaptomus
salinus, which was found in extremely large numbers. Blanchard
and Richard (loc. cit.), Roy and Gauthier (loc. cit.), Sars (loc. cit.) and
Annandale and Kemp gave an account of the Ostracoda, Cladocera and
Copepoda of several salt waters of North Africa, Central Asia and Seis-
tan. Kemp (1915 and 1918) and Sewell (1924) recorded several fresh-
water Crustacea from the Chilka Lake, with water of 1-008—1-011

* Dr, Baini Prashad informs me that Anodonta is not known to ocour in the plains
of the Punjab and that most probably it was a species of the genus Lamellidens on which
the;above leech was found.

P
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specific gravity, the sea water being 1:027  Becking (1920) obtained
Artemia salina from concentrated brine (35 per cent. salt). Tattersall
(1921) described several species of Mysidacea, Tanaidacea and Isopoda
from brackish waters (the T4le Sap) in Siam.

Insecta.—This is the only group of animals which was found to be
represented in all the waters 1nvest1ga.ted It is, therefore, evident
that some insects can tolerate salinity higher than 160, which is about
D times as much as that of the Indian Ocean. The diﬁerent orders of
Insecta were restricted to definite salinities. The distribution of this
group is described in detail hereafter in a separate chapter.

Mollusca.—Many brackish water mollusca are known (see Nevill,
1880, Annandale and Kemp, 1916, Eliot, 1917 and Annandale, 1921),
but only one species of this phylum, namely, Melanoides flavidus (Nevill)
was found in the Khewra Gorge at stations 7—11, where the salinity
ranged from 0-12 to 6-36. This species mostly occurs in fresh water.
In addition to the Salt Range, this species is known only from the desert
regions of Southern Baluchistan, from Seistan and Iraq.

Amphibia.—The frog Rana cyanophlyctis Schneider was fairly com-
mon in the Khewra Gorge at stations 6—11, having salinity varying
from 0-12 to 9-5. This frog is distributed from Arabia to India, Ceylon
and Northern parts of the Malay peninsula. It mostly occurs in fresh
water, but has been obtained in several salt waters as well, e.g., some
salt lakes near Calcutta, the T4le Sap in Siam, the Chilka Lake, some
brackish water pools near Port Canning (NaCl 13-8 gms. per litre),
etc. As pointed out by Annandale, this is a very adaptable species.
In the Téle Sap, Annandale and Kemp obtained seven other species of
Batrachia in addition to R. cyanophlyctis.

Pisces.—Many freshwater fishes are known from salt waters. Chau-
dhuri (1916) and Hora (1923 and 1924) recorded several such species

from the Chilka Lake and from the T4le Sap (Siam). Freshwater fishes
generally do not occur in highly saline waters.

Scaphiodon readingt Hora was fairly common both in October, 1930
and April, 1931 in the Khewra Gorge at station 7 to 11 (Salinity 0-12—
12-63). This species is widely distributed in the freshwater streams
of the Salt Range, where according to Hora it is endemic.

Crossochilus latius (H. B.) Day was met with at the same stations
as the above species but was more common in April, 1931 than in Octo-
ber, 1930. This species is quite common in fresh water in all parts of
India and Burma. Chaudhuri (loc. cit.) recorded it from the Chilka
Lake, when its salinity was as much as that of the sea water.

Garra montis-salst Hora was found along with the above two species
except at stations 7 and 10. Its absence at station 7 may be due to
the higher salinity, but at station 10 it was obviously due to some other
factor, most probably the nature of the bed of the stream, or the pecu-
liar chemical composition of the water (p. 99). This species also is
widely distributed in the Salt Range.

Barilius vagra (Ham. Buch.) Day was found in the Khewra Gorge
at station 6 only (Sal. 9-5). Hora obtained it from a small stream near
Dheri Jaba. This fish is common in almost all parts of India.
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Barilius sophore (Ham. Buch.) Day was obtained in fairly large num-
bers from the pond near Sodi (Sal. 12-683). This species was described
from Assam and the Khasi hills.

Barbus punjabensis Day and Chela punjabensis Day were obtained
in small numbers from the pond at Chalisa (Sal. 5-93). The former
was also present in the ponds at Sodi (Sal. 12-683). Chela punjabensis
was described from the river Ravi, near Lahore. Barbus punjabensts
is, however, more widely distributed. It has been obtained from Sind,
Lahore and Jubbulpore. Chaudhuri (loc. cit.) recorded several species
of Barbus from the Chilka Lake.

INSECTA.

As mentioned above, the group Insecta was represented in all the
waters investigated. But the distribution of its different orders was
limited to a definite range of salinity. Below is given the distribution
of various groups of insects collected.

COLEOPTERA.

Of all the different orders of Insecta, Coleoptera seems to be the
most common group met with in salt waters. Thienemann (1913),
Wesenburg Lund (1915), Keys (1918), Walsch (1925), Lengerken (1929),
etc. have given a longlist of ‘ Halophile ” and ‘‘ Halobionte ”’ beetles
met with on the coasts of several parts of Europe. Annandale and
Kemp collected numerous species of this order from the Chilka Lake
and from some salt water springs in Seistan.

HyprorAaILIDAE.—Members of this family were collected from
very highly saline waters. Octhebius sp. was obtained both in October,
1930 and April, 1931, from the Khewra Gorge at stations 1 to 4, where
the salinity ranged from 78-5 to 166-8. It was not met with at other
stations where the water was less saline or almost fresh and thus it
appears that this species has become entirely adapted to highly saline
waters. The genus Octhebius is represented in fresh, brackish and sea
water. According to Hase (1926), O. quadricollis can live in all these
three habitats and can stand a salinity up to 27 per cent. Becking
(1920) obtained this species from highly concentrated brine (35 per
cent. salt). Lengerken included four species of Octhebius under his
‘“ Halophile” and one, 0. auriculatus Key, under ‘ Halobionte >
categories. Walsch and Keys mentioned two species of Octhebius
frequenting British coasts as truly brackish water forms.

Berosus punctulatus f. col. ymmaculicollis Fairm. sensu Knisch. was
collected in the Khewra Gorge from stations 1 to 5, where the salinity
varied from 38-8 to 143-8. Fxcept at station 5 this species was obtain-
ed only in October, 1930. Its absence at other stations in the Khewra
Gorge indicates that like Octhebius sp., enumerated above, this species also
seems to have become adapted to highly saline waters. Prof. Kuntzen
of Berlin informs me that this species is widely distributed in salt waters
of the Indo-Australian and Ethopion regions.

P2
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In April, 1931 I obtained another species of (%) Berosus in fairly large
numbers from stations 7 to 11, where the salinity varied from 0-19
to 6-3. o

Berosus is a typical salt water genus. Berosus spinosus Stev. 18
fairly common in brackish water on the northern coasts of ]?;urope and
the south coast of England (Lengerken and Watsch). This genus 18
represented in polluted waters also (Alexander, 1925). .

Enochrus sp. was collected in the Khewra Gorge at stations 2 to 7,
where the salinity varied from 6:36 to 143-8. This species was nowhere
obtained in large numbers. Walsch found E. bicolor in fresh and brac-
kish waters of England.

Enoplurus indicus Motsch. was obtained in small numbers from the
pond at Chalisa only (Sal. 5-9). .

Another species of Enoplurus was obtained in small numbers from
stations 2 and 4 in the Khewra Gorge (Sal. 91-2 and 143-8).

DyTisciDAE.—As compared with Hydrophilidae, this family is re-
presented in waters of comparatively lower salinity. Lengerken (op. cit.)
included only one species of this family under the “ Halophile > category.

An undescribed species of the genus Potamodytes was obtgmed in the
Khewra Gorge at stations 3, 5, 6, 7, 9, 10, 11, with salinity varying
from 0-192 to 42-3. It was most common at station 6 (Sal. 19'8). This
species was found to be more common in April, 1931 than in October,
1930, except at station 3 where it was not found in April, 1931 at all,
when the salinity there was 51-05.

Hydaticus fabricii MacLeay was obtained from stations 6 (Sal. 10-87)
and 9 (Sal. 1-97) only, being fairly common at the former locality.

Laccophilus flexuosus Aubé. was very common in the pond at Chalisa
(Sal. 5:93). It was also obtained in small numbers from station 11 (Sal.
0-19) in the Khewra Gorge.

The genus Laccophiius is represented in both fresh and salt waters.
L. variegatum Germ. occurs commonly in fresh and brackish waters
of England and of the continent of Europe.

Canthydrus laetabilis Walk. was found in small numbers in the pond
at Chalisa, having salinity 5-93.

Eretes sticticus L. subsp. griseus Fabr. was very common in ponds
at Sodi (Salinity 12-68).

E. sticticus L. is very widely distributed. It is found in Africa,
tropical and sub-tropical regions of Asia, Australia and on the Pacific
side of America. The subsp. griseus has been recorded from North
India and the Andamans.

It may be mentioned that with the exception of Potamodytes sp.,
which as already mentioned is considered to be a new species, all the
above named Dytiscid beetles are known from salt waters.

DrYOPIDAE (PARNIDAE).—Dryops sp. was found in the Khewra
Gorge at stations 3, 5, 7 and 8, with salinity varying from 1-97 to 51-05.
It was obtained in large numbers in April, 1931 than in October, 1930
and was most common at stations 5 and 7

STAPHYLINIDAE.—Many Staphylinid beetles have not been found to

occur near or in salt waters. Cameron (1930) enumerated the following
from the sea shore under sea weed :—certain Trogophlacus, Thinobius,
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Cafius, Phucobius and numerous Aleocharinae. I have found the fol-
lowing species in the Khewra Gorge :—

Platystethus cornutus Gr.—Some specimens of this species were col-
lected from station 2, with salinity 123-9. Cameron recorded this spe-
cies from Dehra Dun Chakrata and Mussoorie districts, Pusa (Bihar)
and Poona. This species occurs also in Europe and the Canary Islands.

A few specimens of another species of Platystethus, which Mr. Came-
ron thinks to be new, were obtained from station 9 (Sal. 1-97).

Two specimens of Aleochara bipustulata were also obtained from
station 9.

Four specimens of a new species of Chilopora, which Mr. Cameron
will be describing in a separate paper, were collected from under stones
on the sides of the water at station 5.

DipTERA.

The Diptera are next in importance to Coleoptera in their power
to live in highly saline waters. In fact, Buxton (1926) put this order
at the top of all others from this point of view. Several Diptera (mostly
Chironomidae) are permanent inhabitants of the sea (Carpenter 1884,
Thienemann 1915-1916, Kieffer 1913, Edwards, 1926, etc.). Chironomid
larvae have been obtained from waters of a salinity as high as 28-53
per cent. (Suworow, 1908). Dalziel (1920) and Balfour (1921-1922) men-
tioned a large number of mosquito larvae which can live in waters having
salinities up to 2-88 per cent. Sewell (1913) obtained larvae of a Culex
from a rock pool on the Burma coast, which was neacly three times
as concentrated as ordinary sea water. Annandale and Kemp (1915)
obtained the larvae of a Syrphid fly, of Anopheles rosst and Palpomyia
sp. (Chironomidae) from the Chilka Lake, when the specific gravity of
its water was 1:000—1-015 and that of the sea water was 1-027 The
occurrence of Ephydrid diptera has been reported from waters of sali-
nity up to 10 times as much as that of sea water (Becking, 1920 ; Giin-
ther, 1899 ; Thienemann, 1913 ; etc.).

The following Species of this order have been collected from the salt
waters under report :—

CurroNOMIDAE.—Larvae of a species of Culicoides were collected
in October, 1930 in the Khewra Gorge at stations 1 (Sal. 78:52)
and 2 (Sal. 91-27) and in the pond near Chalisa (Sal. 5-93). Kiefier
described several species of Culicoides and Tanytarsus from Puri on the
Orissa Coast.

Another species of Chironomid larvae was found occurring together
with Culicoides sp. mentioned above. Annandale collected larvae of
two Chironomids from brackish water pools at Port Canning.

Larvae of a species of Chironomus were obtained from the Khewra
Gorge at stations 6, 8, 10, and 11, wherever the water was flowing
rapidly. The sa,hmty at these locahtles did not exceed 10-87

In the lake at Kallar Kahar (Sal. 3-35) larvae of a species of Tany-
tarsus and Chironomus were obtained. The presence of liphydrid,
Dolichopidid and Anthomyiid flies near this water indicated that the
larval stage of these flies was most probably passed in this water.
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SiMuLIIDAE.—The larvae of a species of Simulium were obtained in
large numbers in the Khewra Gorge from stations 9 (Sal. 0-95) and 11
(Sal. 0-12), where the water was flowing rapidly.

TaBANIDAE.—The larvae of a big Tabanid fly were found in extre-
mely large numbers in the Khewra Gorge at stations 3 and 5 (Sal. 38-85
and 51-05). Some were found at stations 1, 6 and 7 also. The sali-
nity at these localities varied from 5-17 to 78 52

ScromyziDAE.—The larvae of a big Sciomyzid fly were found in
fairly large numbers in the Khewra Gorge at stations 1 and 4 in April,
1931. The salinity at these stations was very high, being about 166-83.

EPHEMEROPTERA.

This order was very well represented in the Khewra Gorge. Larvae
of a species of Cloéon were found in great abundance in October, 1930
at stations 1 and 2, where the salinity was 78:5 and 91-27 respectively.
This species was also found at stations 3 and 5 (Sal. 38-85—51-05). 1
think that it is the first record of the occurrence of may-fly larvae in
such highly saline waters, ¢.e., more than twice as much as sea water.
Thorpe (1927) recorded the occurrence of may-fly larvae (Baetinae,
probably Cloéon sp.) in the Suez Canal (Lake Tamsah) in waters of
specific gravity 1000—1030.

Another species of Clcéon was found in large numbers at stations
3, 5, 6 and 7 and in the ponds at Chalisa (Sal. 6-36—51-05).

The larvae of a species of Choroterpes were found at stations 8
(Sal. 1-36) and 10 (Sal. O 17), being very common at the latter locality.

Some larvae of a species of Caenis and Ephemera were also found at
stations 8 and 10 respectively.

The larvae of a species of Baetis were very common at stations 9
(Sal. 0-95) and 11 (Sal. 0-12).

REYNCHOTA.

Several members of this order can stand fairly saline waters, but
not as highly saline as can be tolerated by Coleoptera and Diptera.
Annandale obtained several heteropterous genera from brackish water
pools at Port Canning, while he and Kemp (1915) obtained about fifteen
species of this order from the Chilka Lake and about 10 species from
the T4le Sap lake in Siam (Paiva, 1917). Thorpe (loc. cit.) described three
species of this order from the Suez Canal, while Hutchinson (1927-1929,
and 1931) and Poisson (1924) have recorded the occurrence of aquatic
bugs in waters having chlorine content up to 14 grms. per litre. Mr.
Hutchinson informs me that one species, Trichocorira wallengrens (Stal)
was obtained from water probably much more saline than the sea water.
Aepophilus bonnavres and Salda phallipes are known to be truly  Halo-
phile ” and occur on the sea coasts of several parts of Europe. Halo-
bates, a typical marine genus also belongs to this order.

VELIIDAE.—A small Vellid bug was obtained in the Khewra Gorge
at station 11, and near the lips of the falls at the heads of stations 6 and

8, where the water was flowing very rapidly. The salinity at these loca-
lities did not exceed 10-87
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GERRIDAE.—Metrocoris stali Dohrn was fairly common in the Khewra
Gorge at stations 9, 10 and 11 (Sal. 0:192—1-97) both in October, 1930
and April, 1931.

Gerris tristan Kirk., G. spinolae Leth. and Serv. and G. fossarum
Fabr. were present in the pond near Chalisa (Sal. 5-93). All these three
species of Gerris and several others were obtained by Annandale and
Kemp from the Chilka Lake and several other salt waters.

NEPIDAE.—Ranatra elongata Fabr. was common at stations 7, 8 and
10 (Sal. 0-174—5-17) in the Khewra Gorge. ,

Ranatra sordidula Dohrn was very common in the pond near Chalisa
(Sal. 5:93). This species was also found occurring in the Chilka Lake.

A species of Laccotrephes was also common in the Chalisa pond.

NAUCORIDAE.—A few specimens of a species of Heleocoris were ob-
tained at stations 5, 9, 10 and 11 (Sal. 0-192—38-85) in the Khewra
Gorge in April, 1931.

BeLostoMIDAE.—A few specimens of Sphaerodema molestum Duf.
were collected from the pond near Chalisa (Sal. 5:93). _

Nortonecrinae.—Enithares lineatipes Horv. was present in small
numbers at stations 7 to 11 (Sal. 0-19—6-36) in the Khewra Gorge in
April, 1931. No specimen of the species had been obtained in the
previous autumn. X

Several species of Anisops were very common in the pond at Sodi
(Sal. 12-68) and in the Kallar Kahar Lake (Sal. 3-33). Another species
of this genus was present in the pond at Chalisa (Sal. 5-93) and at
station 10 (Sal. 0-60) in the Khewra Gorge.

A species of Plea was present in small numbers in the pond at
Chalisa. ,

CoriXiDAE. A species of Micronecta was very common at the lip
of a fall at the head of station 8 (Sal. 1-97) in the Khewra Gorge in
April, 1931.

ODONATA.

Like Rhynchota, this order is represented in waters of comparatively
lower salinities, Dragon-flies are known to breed in coastal lagoons,
where the water is brackish. Osburn (1906) showed by a series of ex-
periments that Dragon-fly larvae could withstand a salinity up to a
density of 1-01 (sea water being 1:026). At the density of 1-015 the
larvae soon died. Osburn appended a list of the species known to
breed in brackish water, most of which belong to Libellulinae, Agrioninac
and Aeschninae (4naz, ete.). Laidlaw (1915) recorded about half a dozen
species from the Chilka Lake, when the specific gravity of its water was
1.001—1-008 (sea water being 1-027). Thorpe (loc. eit.) recorded three
species of Aeschnidae and Agrionidae from the Suez Canal with sp. gr.
1000—1030.

AESCHNIDAE. A few specimens of the nymphs of Anaz guttatus Burm.
were collected from stations 8 and 10 (Sal. 0-174—1-97) in the Khewra
Gorge and from the pond near Chalisa (Sal. 5-93).

Gomphus sp. and Brachydiplaz sp. Nymphs of these forms were
collected in large numbers in the Khewra Gorge both in October, 1930
and April, 1931 at station 10, where the salinity varied from 0-174 to
0-61({)8. A species of Brachydiplaz was also found occurring in the Chilka
Lake.
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LBELLULIDAE.—The nymphs of a-species of T'rithemas, probably
festiva (Ramb.) were met with at stations 6, 7, 8, 9 (Sal. 0-951 to
10-87) in the Khewra Gorge. It was very common at stations 7 and
9, where the salinity was 0-951—5-17.

A few nymphs of a species of Orthetrum were collected from the
ponds at Sodi (Sal. 12-68).

Nymphs of another species of Libellulinae were found in the lake
at Kallar Kahar.

Acr1ONIDAE AND COENAGRIONIDAE—Nymphs of Ischnura aurora
(Br.) were extremely common in the pond near Chalisa (Sal. 5-93).
Annandale obtained in large numbers the nymphs of Ischnura
senegalensis in the Chilka Lake and in the brackish water ponds at Port
Canning. Several species of this genus, e.g., I. ramburri, 1. wverticalis,
etc., breed in brackish waters in certain parts of the United States of
America.

Nymphs of a species of Coenagrionidae were abundant in the ponds
at Sodi (Sal. 12-68) and were found in small number at Kallar Kahar
and Chalisa also (Sal. 3-33 and 5-93 respectively).

In the pond at Sodi there were some nymphs of Agriocnemis also.
This genus was also found in the Chilka Lake.

TRICHOPTERA.

Very few members of this order live in salt waters. Eaton found
some in salt and brackish water streams on the borders of the Sahara,
while McLachlan (1883) gave an account of a marine Trichopteron,
Philanisus from New Zealand, the larvae of which live habitually in
rock pools, between high and low water marks. Gresens (1928) des-
cribed some from Central Europe.

Larvae of a Polycentropid Trichopteron were fairly common in the
Khewra Gorge at station 11 (Sal. 0-192) and at stations 7 to 9 (Sal.
1-97 to 6-3). Its absence at station 10 (Sal. 0-60) was obviously not
due to salinity, but might be due to the peculiar chemical composition
of the water. These larvae live in loosely built houses, made of bits
of stones held together by means of silk threads. These larvae are also
met with in fresh waters in several parts of India.

In the pond near Chalisa (Sal. 5-93), larvae of a Sericostomatid Tri-
chopteron were very abundant. These larvae live in well built houses,
made out of straw.

LEPIDOPTERA.
Aquatic caterpillars, most probably belonging to the genus Aulo-
codes (Pyralidae) were fairly common in the rapid water at the head

of station 8 (Sal. 1-36) in the Khewra Gorge in April, 1931. Annandale

and Kemp (1915) obtained the caterpillars of Nymphula diminutales
from the Chilka Lake.

THYSANURA.

A Thysanuran was collected in small numbers at station 4 (Sal. 130-8)
in the Khewra Gorge in April, 1931.

CONCLUSIONS.

The foregoing account of the occurrence of different animals in salt
waters indicates that most of the species met with therein are also known
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from fresh water and that various groups of the animal kingdom are
restricted to a definite range of salinity (Table IV). It is only the in-
sects that were found in all the waters investigated, the salinity of
which ranged from 0-12 per cent. to as much as 17-0 per cent., s.e.,
about five times that of the sea water. The few representatives of
Platyhelminthes, Hirudinea and Crustacea collected do not seem to
tolerate a salinity higher than 2; Mollusca (one species) could stand
about 8, whereas Amphibia (one species) and Pisces (numerous species)
were found living in waters with salinity up to 11. Thus with the ex-
ception of insects, no other group of animals was found in water of a
salinity equal to or more than that of sea water.

Though the group Insecta was represented in waters with salinity
ranging from 0-12 to 170, its different orders, however, showed a res-
tricted distribution. In Table V the distribution of the various Insect
orders is diagrammatically expressed. The Lepidoptera were fsund
occurring in waters of salinity up to 2, while Trichoptera and Odoxata
could tolerate a salinity of 8, and Rhynchota and Ephemeroptera 47
and 51 respectively. The Coleoptera and Diptera were found flourish-
ing in all the waters investigated (salinity up to 170), though their differ-
ent families were restricted to definite salinities.

It thus appears that Buxton’s conclusion (1926) that the only In-
sects which live in water containing 3 per cent. or more salts (i.e., water
at least as salty as the sea) are some families of Diptera (Ephydridae,
Culicidae and Chironomidae) and a Trichopteron requires modification.
In addition to the Dipterous families named above, Tabanid larvae,
several families of Coleoptera, May-fly larvae and Rhynchota can live
in waters of a salinity much higher than that of the sea.

The occurrence of May-fly larvae in highly saline waters is really
very remarkable. The impervious nature of the integument of Coleop-
tera and Rhynchota may afford protection to the members of these
orders against the dehydrating influence of salt waters, but the same
cannot be said of the integument of May-fly larvae, which is well known
for its delicacy. This suggests that the adaptation to salt water does
not necessarily consist in the acquisition of an impervious integument,
as is postulated by some authors (Walsh, etc.), but is due to changes
in the body fluids so that the osmotic pressure of the latter may be in
equilibrium with that of the external medium.

Regarding the interesting question of the colonization of the sea
by Insects it is evident from the above that the salinity of sea water
is not a barrier, nor is the force of the ocean currents and tides, as many
insects can live in mountain torrents having tremendous force and velo-
city. Furthermore, many insects can live on the sea shore (Flattely
and Walton), where the physical effect of the tides is the greatest. The
most important difference which one notices on carefully comparing
the analyses of the waters of the Salt Range (Tables I and II) with
those of the samples of sea water taken by the “ Challenger ” from
different oceans of the world (Table III) is that the percentage of cal-
cium (116 to 1:20) in the sea is much less than that in any water inves-
tigated by me except the San Sakesar Lake. In this lake calcium
was 0-11 per cent., and as menticned on page 105 there was no insect
life at all. Thus it appears that it is most probably the low calcium
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content of the sea that does not permit insects to inhabit the sea, while
it is the large amount of calcium in the waters of the Salt Range which
helps the insects in keeping their body fluids in equilibrium with the
highly saline water in which they live. Pantin (1931 (a) ), Weil and
Pantin (1931) and Pantin (1931 (b) ) by means of carefully conducted
experiments have recently shown in the case of estuarine animals that
calcium has a profound influence on their permeability to water and
salts. McCutcheon and Lucke (1928) had earlier shown the influence
of this ion on the permeability of A7rbacia, and Pearsall (1924) while
describing the distribution of purely freshwater organisms, demons-
trated the significance of calcium, especially in reference to its effect
on the sodium and potassium contents of the medium. Thorpe (1931),
however, obtained some insects from the saline waters of the Califor-
nian desert regions, in which the amount of calcium was less than that
in sea water.

I have started experiments with a view to ascertaining the influence
of calcium on Insects living in salt waters and will publish the results
in due course.
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TaBLe I.—Physical and Chemical Analyses of water samples. (All values expressed in grms. per litre).

Conduct-
ivity
Localities Total Ca Mg K Na S0, Cl CO, HCO, NO,
solids —x10-3
R
Khevwra Gorge, Station No. 1 75-960 1-748 0-252 0-142 27-691 1-799 44-304 . 0-0114 13-98 0-0124
Ditto 2 87-536 1-888 0-231 0-089 33-047 1-5630 50-729 . 0-0126 15-65 0:0093
Ditto 3 40-916 1-200 0-170 0-086 15-059 | 1-473 22-898 . 0-0174 8-264 0-0124
Ditto 4 137-840 2-7562 0-372 0-152 54-064 0-783 79-712 0-0126 2242 0-0124
Ditto 5 38-224 1-140 0-178 0-129 13-856 1-463 21-427 . 0-0183 7-874 0-0124
Ditto 6 9-928 0-436 0-090 0-096 3-345 0-482 5-449 . 0:0177 2-278 0-0124
Ditto 7 4:42 0-284 0-122 0-034 1-376 0-304 2:270 .o 0:0171 1-064 0:0124
Ditto 8 1-744 0-224 0-107 0-020 0-385 0-276 0-710 .e 0-0093 0-422 0-0124
Ditto 9 1-344 0-168 0-062 0-032 0-431 0-107 0:525 .e 0-0162 0-317 0-0124
Ditto 10 . 0-480 0-152 0-039 0-004 0:066 0-136 0-050 . 0-0144 0-112 0:0186
Ditto 11 0-720 0-204 0-044 0-040 0-233 0-113 0:050 .e 0-0171 0-1171 0-0186
Pond near Chalisa . 6-920 0-660 0-143 0-132 17566 0-854 3:358 .o 0:0036 1-548 0:01389
The Lake at Kallar Kahar . 4508 0:080 0-116 0-312 1-2716 0-8443 1-846 0-0156 0-0132 0-954 0:0093
Ponds near Sodi . . ° . 23:474 1-188 0-772 0:056 6-247 7-744 7-454 0-:003 0:0001 3-02 0-0124
San Sakesar Lake . . N . . 653-34 0-058 1-545 0-323 18-1 131 187 0-18 0-41 .o .o
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Table II.—Physical and Chemical Analyses

water samples. (All values expressed as percentages of total solids).

Conduct-
Total ivity
Sample No golids Ca Mg K Na S0, Cl NO, HCO, CO,
. (gTms. % % % % % % % % % Z x10-*
per litre) R
Khevg;% Gorge, No. 1 75-960 2:30 0-332 0-187 36-46 2:37 58-38 0-0163 0:0150 .. 13-98
Ditto 2 87-636 2:16 0-264 0-102 87-76 176 57-97 0-0106 0-0144 . 16-65
Ditto 3 . 40-916 2:93 0-415 0-210 36-81 3:60 55-97 0-0303 0-0425 . 8-264
Ditto 4 137840 2:00 0-270 0-110 39-28 0668 57-84 0-0090 0-:0091 . 22-42
Ditto 5 38-224 2-98 0-466 0-337 36-25 3-83 656-06 0-0324 0-0479 .o 7-874
Ditto 6 9-928 4-39 0-906 0-967 33-70 4-86 54-90 0-1249 0-1783 . 2-278
Ditto 7 4-42 6-43 276 0-769 81-14 688 51-86 0-2808 0-3869 . 1-064
Ditto 8 . 1-744 12-84 6:13 1-147 22-08 15-83 40-71 0-7110 0-6333 . 0-422
Ditto 9 . . 1-344 12-60 387 2-881 32-07 7-96 39-07 0-9226 1-2053 . 0-317
Ditto 10 . 0-480 31-67 8:12 0-833 18-75 28-33 10-42 3-87560 3-0005 . 0-112
Ditto 11 . 0-720 28-34 611 5-656 32-36 15-69 6-04 2:5835 2-3760 . 0-1171
Pond near Chalisa 6-920 9-54 2-07 1-907 2636 12-34 4852 0-2008 0:0520 0954
The Lake at Xallar Kahar 4-508 1-77 2:57 6-92 28-20 18-72 40-95 0-2060 0-2930 0-346 1:548
Ponds near Sodi . 23474 5-06 8-29 0-239 26-61 88-00 81-76 0-0528 0-0004 0-0128 3:02
San Sakesar Lake . . 53-34 0-11 2-950 0-615 34-46 24-98 35-67 0-0300 0-782 0-843 .
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TasLE IIL.—Chemical Analysis of the Indian Ocean and of the 77 samples
of sea water taken by the “ Challenger > from different Oceans of the

World.*
Name of the Salinity, Ca. | Me. | K. | Na | so. | o | 0o,
Indian Ocean 3353—36-68 | 116 | 367 | 085 | 3080 | 770 | 5554 | 005
All the Ocears 3301—87-87 | 120 | 33| 111| 3059 | 769 | 5548 | o021

* From Johnstone’s *“ Introduction to Oceanography.”

TasLe IV.—Distribution of various Phyla of the Animal Kingdom in
reference to different salinities.

Salinity.

0-12—2 5—15 30—b5 75—95 120—170
Fauna. Stas. zé 6 &
waters

: Stas. 5, 8 & Stas, 2 & 1

Stas. 11 at Chalisa 2
4 | San Sakesar | Stas. 2 & 1. | (April, 1981
10,9 &8, |Sod & Kallar| 47 2 \pril, 1951)

Platyhelmjnthes o | ————

Hirudinea (Annulata)

Crustacea

Insecta .

Mollusca

Amphibia

Pisces ‘

Hlj i
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TaBLE V.—Distribution of various Orders of Insects in reference to
different salinities.

Fauna.

Salinity.
012—2 5—15 30—56 756—95 120—170
Stas, 7, 6 &
waters
Stas. 11. 10 at Chalisa, | Stas. 5,3 & Stas. 2, 1
9‘& 8' ’ Sodi & San Sakesar | Stas. 2 & 1. | (April, 1931)
. Kallar Lake. & Sta. 4.
Kahar.

Thysanura .

Ephemeroptera

Odonata . .

Dermaptera .

Coleoptera

Rhynchota

Trichoptera .

Lepidoptera .

Diptera . .
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ON THE VALIDITY OF ANDAMIA CYCLOCHEILUS WEBER,
WITH SOME OBSERVATIONS ON ANDAMIA HETEROPTERA
(BLEEKER).

By D. D. MukERrJs1, M.Sc., Zoological Survey of India, Calcutta.

There has been a certain amount of confusion both as regards the
systematic position of Blyth’s genus Andwmia and the specific limits of
the three allied species referred to the genus, viz., Salarias heteroptera
Bleeker, Andamia expansa Blyth, and Salarias aequipinnis Giinther. In
1925, Annandale and Hora? considered Andamie to be a highly spe-
cialised genus referable to the family Blenniidae rather than to Runulidae
of Jordan. They also definitely relegated A. expansa and 8. aequipinnis
to the synonymy of 4. heteroptera (=S. heteroptera) on the authority
of Mr. J. R. Norman of the British Museum (Nat. Hist.), who came
to a similar conclusion on comparing the paratype of 4. expansa with
the type of S. aequipinnas.

Among the fishes of the Siboga Expedition Prof. Max Weber des-
cribed first in 1909 2 and later in his Die Fuische der Siboga-Expedition
(1913), a new species of Andamia, A. cyclocheilus, taken in western
New Guinea. On reading his description of the species and comparing
his beautiful illustration (Weber, 1913, pl. iii, fig. 3) with a fine series
of fresh material of A. heteroptera recently brought back from the Anda-
mans by several parties of the Zoological Survey of India, I came to
the conclusion that A. cyclocheilus from New Guinea is identical with
A. heteroptera.

Weber characterised his new species chiefly by the transversely oval
mental sucker and ‘the simple dorsal fin. Bleeker 3 in his original des-
cription of S. heteroptera did not make any mention of the sucker, and
both the type specimens of his species preserved in the S’Rijks Museum
in Leiden which were examined by Weber are in such a state of maccera-
tion that no conclusive decision could be arrived at regarding the struc-
ture of this organ, and this led to some confusion in respect of the exact
relationship of the Siboga fish with A. heteroptera. A. heteroptera is
provided with a longitudinally oval sucker (vide Annandale and Hora,
1925, pl. ii, fig. 6) even at a very early stage of growth. Though Day
both in his Fishes of India (1878, pl. Ixxi, fig. 2) and in the Fauna volume
(1889, II, p. 323, fig. 104) published ventral views of the head region
of A. heteroptera (=A. expansa), the structure of the sucker is not shown
in either of the illustrations. It seems prohable, therefore, that Weber
was misled by Day’s inaccurate illustrations and mistook for the sucker

t Annandale, N. & Hora, S. L.—* The fresh-water fish from the Andaman Islands.”
Rec. Ind. Mus., XXVII, pp. 33-41, pl. ii, 1925,
2 Weber, Max.—‘ Diognosen neuer Fische der Siboga—Expedition.”” Notes Leyden
Museum, XXXI, pp. 143-169, 1909,
) 5; Bleeker, P.—*‘ Visfauna van Amboina.” Act. Soc. Sci. Indo-Neerl, 11, pp. 1-102,
(1857).
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the posterior outlines of the opercular edges, which, when seen from
the ventral surface, appear like two diverging triangular structures.

Further, the character of the dorsal fin being without a notch in
A. cyclocheilus does not separate it from A. heteroptera, for, Day already
found that the dorsal fin was ““ not notched ”’ in the latter species. He
also pointed out that “ in some specimens the two dorsal fins are conti-
nuous and in others the second dorsal is higher than the first.”” Another
feature to which Weber gave importance is that the dorsal spines in
A. cyclocheilus are not prolonged beyond the fin membrane ; but this
can hardly be taken as a differentiating character for the two species.
On examining extensive material of 4. heteroptera both in their natural
habitat and in the laboratory, I have found that the species exhibits
sexual dimorphism, the chief characters of the males being their larger
size and more gorgeous colouration with a golden sheen. The prolonga-
tion of the dorsal spines is found invariably in grown up males "alone,
(Text-fig. 1) as in some species of Periophthalmus and Boleophthalmus,
although exceptions and variations are by no means infrequent. Hence
no characters are present in 4. cyclocheilus, which are not possessed by
A. heteroptera.

Texr-Fia. 1.—Dorsal fin of Andamia heteroptera (Bikr.) % ca 2.
(a) Male, showing prolongations of spines ;
() Female, without such prolongations.

In order tc have my views confirmed, I wrote to Dr. S. L. Hora who
was then working in the British Museum, London, and requested him
to examine the type specimens of 4. cyclocheilus which are preserved in
the Amsterdam Museum in Holland. Dr. Hora kindly arranged with
Prof. L. F. de Beaufort who very courteously brought the material
with him to London when he came there for the British Association
meeting of 1930. Subsequently, Dr. Hora favoured me with the follow-
ing remarks :

“Dr. de Beaufort brought the specimens (2 large and 3 young) of
Andamia cyclocheilus with him.  A. cyclocheilus is based on female spe-
cimens (in none of the five specimens the dorsal rays are produced
beyond the membrane) and your remarks concerning the validity of
this species are fully justified. The species A. heteroptera (=A. cyclo-
cheilus) exhibits sexual dimorphism and, I believe, that must have
confused Max Weber
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In a meeting of the Asiatic Society of Bengal held on August 1,
1932, Dr. S. L. Hora ! briefly communicated his preliminary observa-
tions on the habits of 4. keteroptera. To these may be added the follow-
ing which were observed by me at Port Blair in the Andaman Islands.

4. heteroptera lives not only on the scattered rocks of the fore-shore
kept moist by the spray from the surf line but also inside the various
narrow and deep fissures of the vertical rock cliffs which back the beach,
and inside the crevices of the stone embankments of the Port Blair
Settlement. At high tide, the rocks on which this fish lives in large
numbers, become submerged and the exposed areas are often, if not
constantly, washed by the high waves that dash vislently against and
break upon the shore. It is speclallv at this time that the ﬁsh takes
shelter inside the fissures and crevices mentioned above. These fissures
are well above the water level, but are kept moist by the spray, and form
a very suitable retreat for the fish, inasmuch as it is protected from the
direct influence of the crashing waves. At low tide, however, when the
water recedes, the fishes come out of their hiding places and frequent
the exposed areas of the rocks, occasionally moving from rock to rock
by swiftly skipping over the water.

Whatever may have impelled the fish to take to a non-aquatic life
and to aerial respiration, its bionomics clearly indicate that moisture
is an essential physiological need. But it seems probable that Andamia
heteroptera can withstand long exposures to the sun, and in such cases
its skin becomes somewhat dried up. On three occasions I observed
the fish (four specimens in all) lying practically on their sides on the
dry rocks inthe brightest sunshine, apparently in a torpid condition ;
but when approached they jumped off into the water, skimmed along
the surface and perched themselves on another rock where there were
large numbers of individuals of the same species. This basking habit,
if confirmed and corroborated by further studies, may throw some light
on an altogether new aspect of bionomics of this highly interesting
marine air-breathing fish.

1 Vide communication by A, 8. B. in Current Science, I, No, 2, p. 5 (1932).
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