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“ In the fifteenth line from top of Q)aue on page "9 for « Prittopus
breddini > read * Perittopus breddini ™ .
In line 12 [rom top of page on page 51 and under Microrashora
erythromicron for ** P. 2~ read “ P. 12”.
e In the twelfth 1i ae of the fourth p.n'arrraph o page 97 bot\\ een the
words “ contrivance ”, and “* of ' insert the word consists ’ )
In thessecond line from Bottom of page on page 60 before tho words
“of variable ” insert the w cords ** and is .
In the fourth line of the second,, pam-rmph on page 62 for the word
. ¢ former ' read **latter ™ ; X
I'n the first line on page 1] 1 for ““ arge ™ read * larger .
Tre the ninth lme from bottom of page on page 184 for © Glocidium ™

read ** Glochidium . .
-
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N. B.—-An uatonsk (“) pregeding a line dc otes a new variety or subspecies; a dnggcr.

¢ (%) ndicates a new species ;

a geublo dagger (f) & new genus or subgenus two

asterisks (**) a new family : synonyms arg printed in 1talncs. <
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N Al Bage 1| * L SIS, Page
Batrachia ... ¢ .. 6GY, ,(»S 212
’ Bd')\-.t.omaudae 1‘) 26
Acanthopotamon e 101, l().B -
Acanthopterigii v. 33, 57 | "Bithinea turrifi ot - 17
Acu.mhotolphusa LA 8'1.. S8, lok I Bithinea (Hydrobcmdu) lurn!a vee 1 |7
Aeschnidae = 197, 200 | Bithinella ... Von a2 18,
Agrionidae % 197, 200, | Bithinia nassa - e 118
Ammania rotundifolia 68’ | Bithynia .. 146, 147, 146, 553 ;
Amnicola ... 116, 122, 155 goniomphglus ... e 204
talticola 122, 144, 145, 147, 178, nassa - 118
.)0]' 210 qmula S 355 cos 117
GaER RSBy SubnassiL PN - |
parvula 123 wnta;;uluta i oo “'71
Amphi ccuchin 34, 30, 43, 62, 198, furri
Ay phipncHs CRCHIN 3, 210 lmhyma(l’ampalaenmn) hendersoni 95
Ampullaria 137, 138, 155, 172, 199 | Brachydanio . e %0
begini ... 138 | Branchiodrilus s
compacta 138 Branchiura 1 12, 15, 197
conica ae e 1387 sowerbyi 0, 12, 13, 14, 15, 197,
winkleyi 138, 145, 146, 178, 197, | 1 199, 201, 206 .
199, 210, 244 | Bufo melanosictus ... 68
Ampullariidae 103, 137 benangensis ., e LTS
Anisops ... P 19 ; 0
fieberi el Wy <. 28 ) ; % :
niveus e 19, 27,28, 208 | . @'n c 7
A 9 . % )
sardea 19, 28, ')0? Caridina ... 5 64, 99, 100
Annelida ... 5 198, 199 . ~ A oy
Anopheles barbirostris 157, 209 fannandalei 81, 82, 96, 98, 197,
Angpophelinae cesi PAOT 3 198 199, 200, 201, 206
ApO(lL‘S “'. 0 .48 39' 065, 66 e denticulata Bexs) e 100
Atyidae ... 81, 82, 96 e e ST
v . hodgarti 98
2 nilotica N W98
B . weberi , 99, 100, 197, 206
« wWoberi prox. var. ml.m-
Bagstuiao e o 200 15 trensise e 96, 99
Barbua ... 48 weberi sumatrensis ‘ 99 100
mud:margmnlua PAMES 46 | Caridinicola 09, 199, 205
chrysopoma ... .0 46 | Cerntophyllum 3, 4, 36, 61, 71, 76, 78,
c'ﬂmpng;ua AT 196, 200, 201
dukai 35, 211 | Cercotmotus 3 19
nigrovittatus ., 35, 211 . pilipes e 19, 26, 208
oatesit 46 [ Ceriagrion 202
. pinnauratus .., Sy g 1] ¢ olivaceum 202, 207
aubripinnis 46 | Corvus eldi 143
sarana 37, 38, 39, 4(! 60, 61 | Chaotogaster 9, 11, 17, 78, 198
b sprana caudimarginatus 34, 46, 57, annandalei Sl 9. 78, 206
. 63, 2|l australis i1 11
schanicus 34, 39, 47._"0! 211 bengalensis  « 10, 1], '73 2006
stedmanensis 34, 39, 47, 58, 61, diaphanus = 11
_ 63, 211 limoaci ... 9, 0, 11. 78, 26
_stoliczkanus ... 35, 87, 211 victoriensis ... 11
tor ... ! o35, 211 | Characeae . 106
Barilius ... 34, 61, 62, 185 | $Chaudhurin 37, 4(‘ 64, 66, 200 204
tauropurpurens 34, 39, 51, 52, 53, teaudate 34, 40, 41, 65, 198, 201,
141, 185, 199, ‘.’0(). 201, 211 e 210
ornatus p 35, 37, 21! | **Chaudhuriidae e 34,37, 39,40
-
L ; P

|
l
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Cheloia ... ne 67
Chironomidae 78, 197
Chironomus e 74
Jasciatipennis . ... skioes 1
Cirrhina latia 34, 38, 46, 63, 199, 211
irrhinae .. e 63
Clarias batrachus 'H 38, 39, 43, 54, 63,
198, 211

Clarias magur e =43
Clariidae_ ,,, ' e 34, 43
C-nchacea e 141
Congerin ... e iv167
Cothurnia ... A 99, 205
Corbicala ... 141, 142, 168, 169
noctlingi 141, 142, 144, 145, 146,

- 147, 169, 178, 210

: tenuistriata 174
Corixa 19
Frept cmh_.cum 19, 30, 208
Funicolor 19, 30, 208
Corixidae ... 19, 30, 197
Cremnoconchus g, Al
Crustacea. ... 198. ‘.’00 202, 203, 206
Crustacea Decapoda ... 81
Culicidac ... 187
Culicinae ... 197
Crelemys dhor ... 67, 68
*dhor shnncnsm a7, 197, 198, 212
Cyprini ... o 63
Cyprinidae 34, 37, 43. 60, 199
(,‘_vprinilmc ... 48, 63
Cyprinodontidae A e T 35

Cyprinus carpio
*oarpio intha

. 38, 47
34, 37, 47, 63, 199,

211

Cyprogen.a st 1848
Cyrenidae ... w103, 14, 103

D

Danio 63
neqmpmmlt"s s 335, 63. 211
Decapoda ... ) st 202
Dendrococlum Iuctoum 189, 190
Diptera ... 78, 202, 200
Discognathus 63, 211
lamta 34, 39, 45, 201, 211
Disparonen.a o —202
E .

Endobranchine 183, 184+
Finitharss | & 0
indica N 27
'ﬁntlm 19, 27. 208

Cmpaetoni P

Ephcmcnd!m A 27 E:{;
Ephydatia "{98 199
fluviatilis e B, 10, 75, 202
fluviatilis himalayensiv [ 75
®fiu vintilis inth 75, 76, m., 198,
Epistylis ... 7Y, 93 ‘?(.),?)
flavicans 71, 205
Eschatigenae = 184
Erobranchiae 183 184

vi

Pége
F ; Wi
Fairbankia turrita S5k U I
Fredericella e 78
G
astropoda 104, 145, 209, 210
Gepdesmus bilineatus ... res Y 190"
Geotelplusa weer 102
Gerrinae ... 22
Gerris 19
anadyomene ... 19, 22 207
fossarum 19, 23, 197, 200, 207
nepalensis 19, 23, 197, 200, 207
niticdn 19, 23, 207 ¢
paludum 19, 23, 203, 207
spinolae 19, 24, 207
tristan 19, 23, 207
Glossosiphonia 173, 197, 200
Gyraulus ... 111, 154
H
Hobridae ... 19
Hemerobiidae 364 i b))
Herpobdellidae . 199
Heterenchelys i5s 3Ty +0
Hetorogenao 5 184
Hislopia ... 78. 198, 202
lacustris 45, 78. 197, 198, 200, 201,

202, 2006

malayensis 79, 206
Hydra v 78
o donalis e $ae T
vulgaris 78, 198
Hydrilla ... 120, 196
verticillata 4

Hydrabiidne 14):1"([(5 12‘)“1'4'3 168
H)drublmdas 116, 117, 143, 144, 146, I:N
155, 168, 1¢0, 108, 200, 201, 204

favarix 117, 118, 120, 145, 158,

- 159, 171, 178, 210
malayensis =~ ... w198
fnana 117, 121, 145, 178, 197, 210

79, 117, 118, 119, 120, 121,
1£2, 145, 158, 169, 170,171,
172, 178, 197, 209

*nasse distome 120, 144, 145; 147,
159, 173, 178

*nassa lncustris 119, 550, 178, 198,
199, 200, 208

nassn

*nassa rivalicola 119, 159, 178
physcus 79, 117, 121, 145, 158, 178,
201, 209
turrita 116, 117, 144, “7 NS ]:]8
Hydrometridae P 9, 20, 197
llvdm’lou o 105 7
I
Tschneurs ... 200, 202, 207
rufostigma 202
J
Talliens .. doe il JET
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Kawamuria 3 15
japonica e o K
" - -
L A
o . .

: anuwpsm vortt L ELRT L
Lqudgfrplﬁ:hclzlh s bcrrlmurm e s
Lepidocephalus sy ¥ 63

bcrdmorulo 34, 37, 39, 43, 63, 201,

211

guntea y 2 43

Leptoceridae SO

Libellulidae s 200,

sLimnaca 78, l(n, ll() 144, M? 148, °
149 150, 152, 153, 154, 172,

173, 174, 175, 198

ul)yssicoln e 150, 1564

acuminata IIO 151, 152, 153

acuminata gracilior .. 102

andersonians 106, 145, 146, 149,

151, 171, 177, 198, "09

auricularia 151, 162, 153

auricularia andersoni 151, 152
bowelli 106, 107, 108, 110, 146,
149, 150, 151, 152

brevispira cspt 25100
foreli 150, 151, 152, 154
Tmimetica 109, 116G 145, 149, 150,
151, 132, 171, 173, 174,

75, 176, 177, 209a

ovalis o ool
* prox, ovalis ... €111, 177
ovata e 145, 121, 152
palustris ~ “ ", }-’»4
peregra 106, 149, 150, 152
pervia 106, 149
e i, $154

profunda | .
Tshanensis 107, 110, 144, 145, 147,
$ e 149, 250, J51, 152, 153,
155, l'll 177, 209

Limnaeae ... e 144
¢ Limnacidae 103, lOo, l-iJ 198 199, 201
Lithotis ... o sastt 10105
japonica o el
eLitoriggdae S e sees 1 1106

L

M 2

Margarya 124, 125, 166, 167, 168, 173, 174"

molnmoldeu ) 124, 166

melanioides carinata Pt A8 1)
melanioides delavayi ERSTTS
& xn(%anioidm francheti e 166
melanioides mansuyi PO (i1}
* melanioides monodi 100
° meldnioides obsoleta w466
t melanioides rotundats o3l
. melanioides tropidophora ... 106
Mastacembelidae . 34, B3
Mastacembelus e 30,83, 59, 109
caudiocellatus 34, 387 53, 3¢, 63,
21
oatesii 34, 38, oM, 9.) 211
Megalonhrys 69
montana o 68, 172, 212
-
’ .
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4, ( 5
. - . )
'
L4 ‘o
N < \
e® ¢ g9
o L
- .
o0 ¢
. ‘
. L .
Page
\It;;,mawlocldao “ 16

Melania 114, 145, ll: 155, l»7, 171 19§
baccata 114, 115, 145, 157, 1 )8 170
*haccata clonggta 115, 44, 145,

147, 118 178, 200

terebra 114, 115, 145, 147-157, 178, ¢
200
tuberculata 114, 115, 145, 146, 147, «
. 155, 156, 157, 171, 173,
- 177, .’00. 201, 209
Ak \nrmbllm © 114, 143, 147, 157
¥claniidae 2 103, 114, 171
Melanoides 855 PR B L
Melaporrhaca usitata ... SRS o7
Mesodenae . s N" ] S
Mesovelia vy ‘ 19
mulsanti NI lJ, 20 207
vittigers e 207,
Mesoveliinae e (e 20"
Methrocoris 19
nigrofasciatus ... 19, 25, 208
Micronecta 19,
fftilva * 19, 32, .os
tsoror 19, 31, 208
. hmlmtrmtn 19, 31, 208
$Microrasbora * 37, 50, 63
Tcrvthmm:cmn‘ 34, 39, 51. 63°
198, 201, 211
frubescens 34, 30 a0, 51, 63, 199,
3 ) 2 211
Microvelia 149
albomacelata .. 21
tburmanica 19, 21, 207
diluta 19, 24, 207
Mollusca 8T, 103, 202, "0‘;, 200, 210
'.\lonopto 45 37
€ atbuy 34, 37, 39 4... 0-, IOS. 211
J;mmcnsw o 42
Motitor °... 72
<
.
v Ny %
Naboandelus * . 19
signatus ID. 26, 208
Naoebus, .. 19
*  dux & s e 10,V28:7909
Naididae ... 9, 718, 198
Nais A oo h oo 12
communis 9
CoOMmMunNis caoen 12
communis punjabensis 12
Kiucpridao ) J. 5 19
Nomachilus A 34, 63, 185
" botin 35, 63,211 °
brevis 34, 38, 4 .5 63, 139, 185, 211
forunneanus 34, 39 44 63, 139,
B
multifasciatuy .. lb‘)f -.H
rupicola 5 e 4
\(‘l)l([ll(\ ¥, .v'.':)“. 197
Neritidae ... A N 168
Neuroptorn 2 78
Notonectidae e e s‘)-,-
Notopteridao e e a4 33
Notopterus 54, 59, 61, 62

kapirat * on
notopterus 34 38, 53, 6.5 211
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Nycﬁm 19 Pisidium .., B 168, 1',’4
> finfuscata 19, 28, 208 * atkinsonianum ... 142, 169, 174

o casertanum 142, 140 169, 178, 200,

- ’01r l0
o dubium e he
L } hydes picola 142
4 Fisidiwm (I'Immmnu)ﬁduuum vee 0142
- leiqunriu 184 Planaria ... , oY sue =190
Ocdonata ... 202, 203, 207 ©»  aborensis S le 2103
Oligochueta 9, 18, 78, 197, 206 rannandalei ... 191, 199, 205
Unychotrechus RS 1) thilineata R 4 193, 305
tlyra 19, 24, 207 thurmaep sis 187,104, 199, 05
Uphn,,,ccplmhdao 34, 54 gonocephala 187, 188, 189, 190,
OrLiocephalus v o 34, 60,2199 192, 103, 194
gad"a 35, 54, 211 maculata 15 193
Thnm\urt -butleri 34, 30, 54, 55, 63, palychroa i 189, lJO. 101 l()"“
211, 212 striate . a9e 192
* sinnensis 35, 37, 212 subtentaculata ... lDJ
stoatus 34, 39 04 a8, 150, 61,62, torva 191, 192
63, 2|l Plunorhls 107 lll 143, 154, 174
Ostariophys=i 43 caenosus 111, 113, 114, 145, 146,
& ; 154, 177, 209
calathus 111, 113, 145, 146, 154,
P 177, 209
. COMPpressus “113, 154
4 1 conoideus e U
Pachylabre e 137, 138 convexiuseulus 112, 154
Palaemon ... 06, 2006 coromandelicus il L)
henderson «.. 81, 95. 96, 206 exustus 111, 145, 146, 147, 154,
lamarrei e 82, 04 f 171, 177, 197, 199, 209
lanchostert .. 82, 04 indicus 111
multidens Ty e o1 saigonensis I, 112, 113, 144,
* fnaso 81, 82, 01, 94, 96, 206 147, 148, 1564, 177
sintangensis ... 04 trochoideus 1, 113, l-&;. l-:;lﬁ
Palaeme n ( Eupelacmon) 04 R 146, 147, 154, 177, =
Palaemon (1 trapalacmon) hendegsei .95 v tvelifer 111, 112, 113, 145, 154,
Palaem nidae s1, 01, 96 170, 177, 209
av2 *veli ili 2
Palaemoninae s PR ) | A .u-le’or ciliata. ... 112, ]7?,
Paludestrinidae 116 {:{:t:orbw (Gyrawlus) compressus ... I:t‘;
. - o .) - g s “en e b
aludina ... 3 124, 1-9, “,}.‘ s N . 19, 20208
lecythis e 120 it y 59, 208
naticoides 126, 199 | pioee ,*V‘II;:‘"““““"‘““ i
Paludomus 1) 116 Plu;lmlt;-lln . 8
ornata 116, 145, Hﬁ. 178, 209 Polypedilum T 71. 200, 201, 209
Paratelphlsa e e 102 fmacmt ipennis ... 1 A5 71
Pectinibranchicta ... 4 | polyzoa 75, %8, 197, 198, 199, 209, 201,
Pelocy poln 103, 138, 146, Ir»s. 210 2 202, 206
l’clugumdau e 19 Potifara e 75, 205
Perionyx ... 17 | p otumogeton e L1
fulvus 16, 17, 197, 200 crigpus i LB +
Perittopus 19, 203 pegtinatus ... 4
weddind l‘i, 22, 207 | pPotamon §7. 88, 101, 102
’ rufus v 22 abhotti 50, 90, 91
Phagoeata gracilis ... so. =109 aeanthicum 197, 198, 220
Physostomi 3 andersonianum 8’ 83, 54, 87, ¢ S8
Physunio, 138, 146, 168, 183, 154, 200 andersonianum rangoononse ¢ _3
ﬂurmgmous 139, 140, 146, 168, 178, antongilensis ... . 102
183, 184, 185, 200, 201, | curtobates 82, 197
" 210 denticulatum ... 88
fmicropteroides 139, 140, 146,168, inornatum 80, 90, 0l
176, 185, 184, 185, 210 martensi B L
mwn:opturuu . 139, 140 niloticnm o 87
semialstus 4 A 130 pealianum . 82, 84, 39, 20, UI
] velaris e it  ReD shensienso
b 12 M e 5 137, 138 [’utmnur(Acunthot(lphuqa) murtonsi 1"-
winkleyi ¢ 148 niloticum 88, 101, 102

157 | Potamon (Paratelphusa) niloticus ... 87

o
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. tP8tamon (Potamon) neanthicum® 81, 85, l Symbranchidao e 34, 424 »
¢ 87, 88, 90, 101, 206 | Symbranchoidea e 42
throwneahuth 81, 82, 83, 84% 83, | . 2 = .
206 '.l'
feurtobatgs S, §9, 90, 91,6206 Taenioglossa RS A
2 perlatum e ... 0L | +qqin ... 123, 124 125, 143, 144, 146,¢ ' 2
i shensiense . 101 & o 148, 155, 160, 164.°165, 166,

e Potgmon (l’ot.monmnm) warreni.. 1@l 167, 171, 173, 174. ]7Q 198, -
Potamonautes IOI 102 ¢ 200, 204, 213, 214 * - L
Poterg®nidae .. 8Bl 82, 87,48 tanaloga 125, 132, 145, 147, 148,

Prosobranchiata Fo3, 155 . 161, 164, $65, 178«

Protozoa ... 71, 200, 201, 205 | © "¢ foonica, 123, 132, 133, 134, 145

Pseudagrion microcephalign 200, 2(_'7 * e 147, Iﬂl 165, 178, 199 .

Pscudecheneis 171 g feylindrica % 1235, 131, 143 147, . .

¢  Ptilomera ... 19 3 R 161, 164, 165,¢178

Inticaudata el 10,424, 207_ | telitoralis. ... 79, 1256132, 134,06 . % < .
¢ Ptychogenae 5 °. 184" | -~ 137 145, 161, 165, 166, : s
Pulmonata 103, 104 % 170, l'§ 199, 200, 210
Puntius ... 48 | tincisa 213, 214, :
. « fintermedia 1280 127 128, 133, .
A4, 145, 147, 148, 160,
R 161, 163. 164, 165, 170, .

| ’ . 171, 176, 178

Rana afghana 172 +mtha 79, 125, 132, 135,
kuhlii 68, 212 137, 145, 161, 463, 166,
limnocharis 68, 212 e o 170,171,173, 177, 178,
melanostictus ... s eLY . 200, 201, 210

Ranatra .., 19 Tlacustris ...° 124, 125, 130, I'!l
varipes 19, 26, 208 | 144, 145. 147, 161, 164,

Rasbora ... 50 | ey 165, 178 P
heteromorpha ... e 00 naticoides 125, 126, 127, 128, 129, o
maculata e a0 Ho lﬁO 161, 162, 163, * b

Reptilia .., A2 ® * 164, 165, 166, 170, 171, .

Rhagadotasus mepdnu e -+ 208 175, 176, 178,¢210

Rhinoeypha St s 7208 naticoidgs carinata 127, 101, 162, ’
biforata e ... 262, 207 - 150
iridea 202, 207 " o DfI&Jom«lcs concolnr l)‘. I(-I 162, -

Rhynchodemus terrestris o 190 X 163

Rhynenota 19, 197, 202, 203, 207, 208 Ilfs'lcoldt's fasciata « 127, 161, 162

Rivularia ... « .. caons 124 noetlingi 160, 161, 164, 214

Rivglarncoae e B, 130, 141 | Tobesa 125, 128, 131, 143, 147, 161, ‘

L . - L 163, 164, 165, 166, 178
shanensis €9, 125, 129, 130, S
g * . . 135, “145, 161, 163, 165,
L 166, 178, 197, 200, 210
fSawbwa ... 37, 48, 63, 204 g P O 4'73"',:%" lEhae
i . q c ” - = . . . -y
. o fresplendens 34, -l!:;‘!“i‘:f”» -;,101' 184, 165, "166, 170, 171,

3 : S el i 175, 176, 177,7178, 210

Smszf.m“ . “l" :7’? Temnocephaloiden ... e 205 ®

Sisven o X 28, 18 Tetrabranchia g5 e 138

Spfmom«l(-ma # 7:',"'" Mol ba e 14 P
rusticum lﬂ’ m. 208 Aeiara (1 ”"m"k') ccata <o 115

Spongilla earteri =5 18 {r;(&nptnm 201, 202
fﬂglh" iod T rpn\ ‘,hn--l-“' “ee T 7‘ ’ .
{?‘ﬁf;:;““‘"""““ O RPT2208 Tubificulae. g ‘,'.4
e . 7 < ¢

e lacustris proliferens 75, 197. 108, 205 Tu‘om'.:'l:g;l:ﬁw CEET 2 l.’a. 167
ae )

) . pr;mfercm l':'l) | TPurbellaria . o ],03, £
» Stomatodon e ' Typh is ealile A v i '
Stratiomyidae w1994 ".I tocaris gallen AT 171 S
Striatella e 114 v 2

Succinea 104, 103, 144, 148, 173 =l L2 ‘
indica 105, 110, 144, 142, 147, z

173, 174, 177,198 Unionidae ... 1 138 168, 183
plicata o 105 Urenchelys . } .m
Succineidae Lt 103, 04, 105 Utricularin  * 196 ' Qi
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HE collcctlom and ¢ obqer\’ntmnq on Whlch this voRfme of the-. ok ‘e
Records of the Indian Mulenm is based were made ‘in February

and March 1917, by Dr. F. H. Gravely and myself. TGhavg to thank
him for much assistance in the' field 4nd since we returned to Calcuttas
I am also greatly indebted to Mr. C. E. Browne, 1.8.0., Political v
Adviser, Yawnghwe, who did his utmoste«to fusther the objects of our

tour. I have to thank Mr. G. C. B. Stirling, C.I.E., Superintendent of

the Southern Shan States, for valuflble advise.

There is one point in connection with the Inlé Lake to which I woald
direct the attention of naturalists and others, It'is the extraordinarily
favourable site for biological investigation of many kinds that the lake v
affords. Not only are almost unique opportunities for the study of >
variation in aquatic molluscs, fecent and fossit, to be found in the
neighbourhood and meny peculiar species and even genera to be dis-
covered, but, ghe watér ‘ef the lake is so cledr that 1fi 18 ])O\'ilble to A
watch the fish and other animals® under wisural conditions » #he climate
is good, the place, even now, nof inaccelsible, being within ferty miles
of the railway by métor. The people are’ both interested and willing
te assist_—a stafe of affairsnot to be Jound in all parts of the Indian
hmpm‘ A small laboratory built out in the lake would not be
expensive ; it weuld afford facilities not easily to be hettered for both ?
zoological and botanical work, and I believe that more good would 4
be done to Indian research and , Indéah practical qclelf:e by the
foandation of a labdratory of the lund than by a‘great deal of so-called
economic work. -

The illpstrations for this®*volume hn.vc been prepared mainly by the .
artists attached to the Zoologi®al Survey of India, Babu A. C. Chow- .
dhary, Babu 8. C. Mondul and Babh D. N. Bagcln The photographs

.Of fishing boats, ete. , in the Shan States were taken by Dr. Gravely. | -

J : N. ANNANDALE,

Dzreclor % >
Zoologictl Surv vey d Im?m
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The Inlé Lnkc.l lies in the State of Y?x\vnghwe on the Shan Plateau at
. a height of 3,000 feet Above sea-level, in Lat. 20¢ 35’ N.; Long. 96° :?7’13.
- At ot et It is thus well within the Tropics but at an altitude
Jthat mitigates the violence of a trq&plczﬂ climate.
The lake occupies the central part of a trough between two ranges of
hills, which, like all the ranges of that part of Burma, run almost
due north and south. At it® two ends, and to a lesser extent on the
western side, alluvial plains havebeen formed, and are gradually extend-
ing outwards into the water, Severa{,f streams run through the northern
p]nin and combine in the swampy geound between land and ,waten
Srats Noneeof these streams are of any great size. They come from the north
. and from the west ; one of the most important of them floyvs from a
o dried lake-basin situated only a few miles to the north-west of the Inlé
* Lake but 800 feet higher. This stream makes its way ith a very gudden
, drop through a narrow gorge in the hills, The dried lake-basin, to which
Las 1 shall have to refer frequently, is the He-Ho plain. On the western

.

L]
1 [nlé means the * Lake (in) of tife Four® (72). The namg i% #aid to be%lerived frome
. L a league of four villagas which ®t some troublons period of history made themselvesd
dependent of the local Shan chief.
o

.o g1 e . 4974’41
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side a rather larger stream eiters the lake by several mouths, coming
alsc from the north-west, and rising in the high ground that separates
the watershed of the Irrawaday from that of the Salween. Before
reaching the lake, and on the other side of a range of hills, it disappears,
running for some miles at a great distance beneath the surface. ThiS s
2 habit ef rivers on the Shan Platea1, a habit that may have had consi-
derakie influence in the distribution of the fauna. On the eastern cide
a few hill-streamlets enter the lake ; many of thém dry up in winter,
and all are very short. TFrom the south ena of the lake a larger river
makes its way southwards: like the stream on the western side-it
disappears into the ground, but at some considerable distance south
of the lake. TIts subterranean “wanderings are unknown, but there can
be little d_ubt that much, if not all, of its water finally reaches a tribu-
tary of the 3alween.

The lake is vhus, in a sense, the centre of a closed system, without
direct communication with any of the important river-systems of Burma,
but, in a wider sense, it may be considered to belong to the system of
the Salween.

For reasons that will be made clear shortly, it is impossible to state
the dimensions of the Inlé Lake precisely. It is
about 14 miles long, and about 4 miles broad.
The depth varies with the seasons. In March it is nowhere greater
than 12 feet, and the average depth is not more than 7 feet ; but at the
end of the rainy season the greatest depth must be at least 20 feet.

The water is remarkable for its extreme clearness. It is thus possible,

when there is no breeze, to watch the animals at

e tne bottom almost as il tuey were ip an aguarium.

All the silt brought down by the streame is deposited before it reaches

the mid.le of the lake. The clearness of the water is probably correlated

with its chemical composition. Mr. R. V. Briggs nas analysed a sample

which came from the surface in the middle of the lake, with the follow-
ing results :—

Dimensions of the Lake,

Per litre.

Total Solids - . 3 P . 5 e . 01710
Organic matter . . . 5 X e ¢ . 00160
Celeinm . - : . . . . : s .. 00222
Magnesium . ‘ . s : (0279
Chlorine . : . : 2 Y . h ; A1)
Sulphate (80y) ’ . . . . . - . 00017
Silica ; . ; . ‘ - . . . . ool10
Carbonie Acid (€'0),) . . . . - 2 . 0-1030
Troa . . : 5 " Less than | part in 5 million.

No precise details are available as to the temperature of the water.
We found it remarkably constant at the beginning of March, not vary-
ing more than 2 degrees Fahrenheit. The averaze surface temperature
was about 71°%. (21.7° () at that season, and the average bottom
temperature one degrse Fahrenheit lower ; the average air temperature
being about 73°F. (22-8° €.).
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e | have already alludesl to the imp:)ssibilit-y of stafing the exaet
- dimensions of the lake. This is because of two
Nature of the fhore. PSS : e Ll R
acts, firstly because its size’increases greatly «n
the wet seasgn, secondly becagise it has noteat any time of the year what
may be called a solid*méargin, for it is completely surrounded by floating
is{mds formed by the growth qnc‘ flecay of vegetation. These iglands,
which are mas®ed together round, the edge of the lake, are one’of its
1Aost characteristic featurgs. @&lany different kinds of plants take part
in their fogmation, but those of pripfary importanee are certdin largt
grasses and sedges jhat send out lorfz floating rgnners from which new
upright stems arise. Floating plants such as dutkweed betowe en-
tangled amongst these runners, and at fite same <ime submer‘gled w%eds.s,

. . °
* especially a spesies of Ceratophylfzpn, grow up.to the surfnge, where their

upper parts are killed by the heat of the sun or theﬁgrm\'th of algae.
The mass of vegetation thus enfangled is further usinawed by the

luxuriant growth of an alga belonging to the #mily Rivulariaceae®

which forms large brownish masses. These elements of the island in
the making both decay and grow. Their décay fdrms a kind of fen-peat,
which is prevented from sinking by their floating and growing parts.
A floating island covered with rich soil is thus formed, and plants’
of a great variety of species grow up upon it, formiig dense entangltd
masses. Even conspicuously floweying orchids and
Floating Islands. o a1l shrubs flourish in a little time. These islands
not only afford shelter and food for a large part; of the fauna, but are of *
great importance in practical agriculture. -When a cultivator wishes to
ow tomatoes, cucumb@rs, or indeed any kind of. vegetable, he cyts off a
piece of a floatmg island siffficiently large jo form his field, and,then ties
a rope to it and towsit to a siitable stuafi@y. The next ofration is to
turn the island upside down, which is ensﬂg achieved as.its eqflilibrium
is by no mefins stable, to anchor it with a bamboo pole thrust through
i®into the bottem of the lake and then to pile up more peat from the
bottom upon the exp.oscd surface until it becomes solideenough for him
to walk upon, #d even to build a housebr erect a pig-sty. The
gardens thus formed are extremely fertile. o
"l‘he presence of the floating islawds, blﬂt‘ivu.tqd or iy their nugural
state, causes a very distinct differentiation of the lake into w0 regions,
an open central region®and a swampy marginal zone. As we shall see,
the fauna of these two region.s is very distinet. I have alzo been able to
recognize an intenncdiat;i zone, .whgge the two regions meef,
At the ends of the lake, and espgciadly at the southern end (to which
o floating matter is carried by a quite perceptible (‘.ll!'l‘EI']t-). a considerabde
areads covered with floating islands, merging gradually into swampy land.
e The bottom of the marginal zone, beneath the islaads, is com-
o posed very largely of a black peaty substance somewhat imical
to animal life. That of the %Zentral fogion is

Nature of the botfom. ¢ vory peculiar nature. | Strictl$ speaking, ,

indeed, the lake has pot a solid bottom at all., Beneath ¢he water

. . . .
there is a layer of senu-hgmd consistency compofegd of extremely
v - L

= > S g . o .
A Large botaniesl Bolléctions were made and have b2en deposited in the herbarium
ok the Botnnic:;lﬁurvny of India, s >

1D13.p ¢ D N® &xusvoave: Zhe Inié Lale. . 3
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staall particles of a greenish grey colour suspended at a constant leved,
but never in their natural position becoming consolidited even into
real mud. These particles are largely of a calcareous nature, as is
shewn’by the following analysis of a dried specin}en from, the bottom
cf the northern part of the central region. This analysis also was

made hy Mr. R. V. Briggs :— t = 4
“ 5 Per cent. v S
Insoluble silicecous matier . 3 Gt WO - S 0908, oo
Alumina . . ~ . . . : - 3 A 1-30
Oxide of Iron . . . e L% . . 2 SR e2 o
Lime . 3 s s : ~ e . - 4581
, Magnesia T AR RS IS B 1:25
. Potash . i A N AR AR 5 . “ . 12
* Sod: . N . - o o 19 < - 046
Moisture . 4 S g . ; SRS s fows 310
Carbonic acid . < S, B . . A X 353415
Phosphgric geid . . . : . A % 017
Sulpliuric nei. 4 . 2 .Y . A B 041
"end combined water by difference Y : 11:50

*QOrganic matter

100-00

*Centaining Nitrogen - 0619

On being dried the pea-soup-like mass forms a grey, very friable clay
in which fragments of vegetable matter are abundantly present.

At some places the bottom is almost bare, the only growth upon it
being a scanty one of such plants as Potamogeton erispus, P. pectinatus,
Hydrilla verticillata and a species of Characeae, but over the greater part
of this region dense masses of Ceratophyllum flourish, binding the bottom
together with their roots to some extent, but neb sufficiently to make'it
solid. The submerged thickats thus formed rise up to‘a”height of at
least 7 or'8 feet, and sometimes almost reach the surface. In some
places they ard'in a flourishirg’ condition even when their growing parts
are almost in centact with the surface film, but at others they exhibit
towards their upper extremities £1l the symptoms ofill-kealth, °probab1_v
because of the growth of algae of various kinds among them.

STRUCTURE OF THE SURROUNDING COUNTRY.

In order to understand the history fmd origin of the lake, and théye-
fore of its fauna, it isnecessary to consider the stzucture of the surround-
ing country. The lake lies in the great Liimestone Zone of the Shan

Plateau thus described by Middlemiss® :— ,

“ Tn its essentinls, and not consideriag the younger minor zones that are inlaid with
it it is a rngged, rocky country. The dark groy limestone frequently weathers almost
black into sha -edgo(f honoy-combed masses, into rinnnclcd crags and weather-beaten®
towers and walls ;: into dw); basins and swallow-holes (often as regular and ciretdar in
outline as a gigantic amphitheatre, but sometimes funnel-shaped) : into strange valley,
systems without connection one with the other, and that often end myalmriousl_\' vither
as underground passages down which streams precipitate themselves and become lost,
or as mashes and lakes where ovaporation helped out no donbt by subterranean por-
colation causes a disappearance of the waters: into innumernble caves and passages
beneath the ground, somd now high and dry from the waters that caused thom and which
are locally mined for the nitrates that have scoumulated upomnthe floors from the decom-
position of cave animal deposits, others used as show places and temples ; others again
“nknown to fame and rich in their virgin beauty of Stalactitic growths.”

Y General Report of the Geological Survey of India for I1899-1900: * Report on s
Geological Reconngissance in parts of the Southern States and Karenni,” p. 130,

“
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S The age of the rocks is guncerfain, but¥t is e} fficient fomour purpose jo ®'s
know that they are of marine origin, and very ancient, and that#their .

formation mtest have long preceded the hollowingent of the Jflé bagn.
The superficial deposits of the district have great interest in rglation
o® the livin® fauna in that they prove the former exiftence of facust:ine
mollusct at§eaces now devoid of wat‘er,part‘icular’y
in the He-Ho plain and in smaller valleys%amon
theehills of Yawnghte. The spells from the deposits will be discussed ¥
later in a paper dealing prfmarily wit} the living foymns. .. .
e Thke deposits are of four kinds 2—(i) Red Seil, (77) Peaty Deposx’:s,
(177) Gref Clay and (iv) Recent Tufa. 2 s
La Touche ! hag shown that the yed®soil whigh covers a great part of
the Shan Plategu is the igsoluble debris of limestone rocks &ssolved By *»  « s
water. Soil of this kind covers most of the He-Ho plain®afid also of the

SeaSolL. flat ground ,at the head of thfllé Lgke. In.a

.§upcrﬁcial d‘pos.lts.

small valley, that of the Jsin-Dawng streame ©
about three miles east of the town of Yawnghwe and at several .
hundred feet above the level of the plain,dhere are two small limestone
caves, the floor of which is formed of red soil and contains fgssil shells
and mammalian remains. The shells %re closely related to but distinetly
different from those both of the He-Ho and the Inlé dasins. .

An enormous amount of peaty matter is always being formed round
the Inlé Lake and jn other damp situations on the Shan Plateau. To- .
gether with the silt brought down by the streams
that flow#nto the lake, ?’c must in the end fill up
the basin completely. eOn the He-Ho plain, especially round thg fargin
of the old lgle, there %ire® considerable deposifs of this origin. They
contain numerous shells in a fossil op sulsessil condition. #Phese shells ¥
belong to the same genera and in many, cases to thesame $pecies as
those now iiwing in The Inlé Lake. i
® At the westgrn gnd of the He-Ho ]uain, between two small limestone
spurs, a short distance above the point #t which the Hedlo stream begins
e °to descend through its ®orge into the Yawnghwe
valley, there is a deposit of grey clay exactly -
similar to that which is formed when, the'scﬁli-]iqyi(l substarfte from the
b&ttom of the c.\:ist‘mg lake is dried. The stream has cut through this
deposit to a depth of et least 20 feet. It is full of shells differing in -
some casgs from those fourld in the peaty deposits of the same neigh-
bourhood but closely allied to they. 9
One of the most m’traordinurx’ phenomena to be observed in the
Shan States isethe formation of calecarepus twfa .
owing to the deposition of lime from solution in
Jwater, This phenomenon is thus described by La Touche ¢

Peaty Deposits,

(Girey Clay,

3 % Recent Tufa,

“ The enormous extent to which the limestone of the plut(-qu is being removed in
solufion by percolating waters has already been alluded to, and it is not :ﬂgprising to -
find that, when the water comes again to the sarface in springs

Ams. , it ¢ -
Cakareous D and rivers, and is either evaporated ®r loses the garbonie ncide

whigh keeps the carbonmte of lime in solution, the deposite thrown down should reach e
correfpondingly huge dimensions.  Indeed 1 doubt whether and gther limestone tract
R - A . e e e A T P PSSR L)
° y - > Ny " : e ,
® Mem. Geol. Survey Int., Vol XXXIX, pe 328 . .
o *Mem. Geol. Survey Ind. Vol XXXIX, p, 325. - °
°
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can show deposits of this kind di'such magnitude, at least in the open air.  In the ord;-
nary ' Karst ™ region the evaporation usnally takes plilce as tho water trickles into the
caverns and hollows worn out of the roclk, with the formation of st.nhlc,iites and stalag-
mite ; but 'in the Shan Siates there are no open cdverns in the great bulk of the lime.
stohe, owing to its universally shattered condition, which cauzes the mass to settle down
as underground solution proceeds ;“though in the superjacent, more cempact, l’erwpl-‘
Carboniferous limestones caverns are common enough. @his tho carbonate of limo
waich would ordinarily be deposited on the wdlls 3f the caverns and fissures is in this
region brought to the surface and thrown down ia the open.  The brecciated structyro
of the rock also allows water to percolate freely through the mase in &l directions, and
this no doubt adds to the rapidity with which it isylissolved.” [
t

‘One can watch the formation E)Z rocks where the lime-ladén water is
trickling pver masses oi leaves and roots. At the head of the He-H.o
pass what appears at first sight. to beé a fossil coral-reef is actually in
process of formation owing to water dripping upon the roots c_:xposed
when a bank of earth is washed away by heavy rain. The lime is depo-
sited in concentaiq layers round each root, the organic matter of which
gradually “decays “vnd dizappears, leaving a hollow tube. Qn the
He-Ho plain Dr. Gravely found curious ridges of tufa runming for
considerable distances some feet above the surface of the soil and
clearly representing the beds of now perished streams. They were full
of shells of the same species as these found in the peaty deposits.

Even from this brief description, which should be read in conne.ct'iou
with the papers by La Touche and Middlemiss already cited, it wxl! be
clear that the sirface of the Shan Plateau has been, and stillis, subject
to great changes with which the waxing and the waning of the Inlé
Lake are intimately coniected. -

OricIy axp HISTORY OF TEE UAKE. |

The laké ‘belongs to the type known as solution lakes—Ilakes with
their basins hollowed out of limestone by the dissolying action qf water.
A common featura of such lakes iz the presence somewhere in their
bottom of a “ sink * or deep pit down which the wlrole er a part of the
water is liable to disappear. No “ sink ” exists in the Inlé Lake at
present, but the point at which the river that flows out of it dlsappeQ:S
underground may very possibly have, at one period, been beneath i :
waters. T have not szen this place and can, therefore, only pomt- opt
again that a very large tract of country to the south of the lake mu.stl;i
one time have been covered by its waters, and” have been gradually
filled in by the two processes referred to above, i.e., by the deposition of
silt and the formation of peat, especiclly by the latter agency.

The lake must thus at one time have covered a much greater area

"
>

"

R )
than it does at present, and it must have been much deeper, though we

have no evidence as to the height to which its waters reached. Itdmay °
have been over a hundred miles long and several hundred feet 6}9}11)-
Moreover if is by no means the only lake that once existed in the neig d
hourhood. Tudeed, superficial deposits in the emptied basins scattere
smongst the hills of the Shan Plateau make it evident that the country
Was once a regular like country. Some of the likes must hmvehdm-
appeared af.a remote period, but others hawe dried up recently, perhaps
even in historical times, There are traditions which seem to point to
thic having occurred at He-Hlo. The deposition of silt and the form-

o

-

»

9



B B 2% \ > ) 3 o
IR e : : \ o
© e ‘ o
« ; 8 o o0& € ‘ <
«1918.] ¢ ° o °L-\;. ASNANDALE: The Inlé Lake: o o )

o L ; ‘ «
. ation of peat have not been the only facfors that have 1éd to the dis—
appearance of water from the basins. Another cause has been the ealing
through of limeStone rocks by Water rendered acid by the decay: of veges
tation. The LHe-Ho stream makes its way down into the lower plain
t-!ﬁ%ugh an ancient linfestone ridge, and it is not improbable that tlfeE
. % Wwater may have been ﬁnnlly° drafhed from the upper plain® by its
* cutfing through &his ridge in a comparatively short time under excep- .
tionafly favourable co.ndi'tiops. s

olt is not surprising, therefore, to ﬁlg(f that the fauna of the Inlé Lake

is a very hizhly spectalised one, differing from anfy other aquatis fauna

* yet discovered. The lake is merély the last, shrunken relic of a
once extensive system, the connections of which may have bee greatlye .,
different at different periods in is history.” It has, hewever, been
isolated for a considerable time, and evolution has tak/a place rapidly
and widely. To illustrate these facts the different <roups of animals .
must be considered separately, and then the whol¢ summarized. To

. do this is the objeet of the préscnt. volume. , s
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AQUATIC OLIGOCHAETA OF, THE INLE LAKE. °

By J. StepmENsoN, D.Se., ZI;-&‘G’I., I.M.S., Professor of ‘Zoplog_z/,('
% ® o _Government College, Lahore. ' A

¢
0t the small but interesfsingocollection of Oligochaeta made by Dr.,
Annandale at the Inlé Lake in the Sputhern Shan States, and kindly
handed over by him o me for examination, the nfost,remarkable speci-
mens are a series of Branchiura sowerby. These have enabled nie to

demonstrate the existence of a pepis (perhaps a pseudopenis, @ccording: |
° . . e .. . - 1
to Michaelsen's definition. 'ﬁ and to show that'in this form also, as well

as in Kwwamuria japonica (11), the muscular coelomic Znamber is the
apparatus for,its extrusion. The®amouat of variatica shown by these
specimens in such features as length of body and lehgth and number of
gills is surprising. ;

I have taken this opportunity of also referring to two varieties of
Nais communis from the Punjab which have recently come into my
hands, though these are not part of the Inlé col?ectiou.

[

¢ Family NAIDIDAE.

_ Gepus CHAETOGASTER. o
e 'dhﬁetog‘gstﬁl. a!nlnand&lei, szzphenson. ' ¢

Ly ¢

Inlé Lake, 8. Shan States. In Sponge c(.E]:)l:?/:luﬂ'a Muviatilis) ; 28th Fibruary,

}21{71 : N. Annandale.  Several specimens; fone sexually mature. (No. W.

‘The identification rests on a comparisonwith individuals of the original

batch of specimens from L. Biwa in Japan (11). _The present specimens

are about one-fourth larger ; in length a chain of two individuals is

“89 mm., the-first being -63 and the posterior,-26 mm. ; the digmeter is

175 _mm. ; the setac of segment 1i are 90t and of more posterior seg-
ments 60p in length.

[

(8
* Chaetogaster limnaei ? V. Baer.
In s.;mlv tube as the abovh : several spebimens, none soxually mature, (No. W.
135-1.) y

The length of these specimens is no 'greater, in the preserved condi-
tipn, than that of C. annandalei, with which they oceur ; but the other
proportions are quite different ;—they are about twice as thick, and the

~ gétae also are markedly larger. So far as I can see, the*only distinction

between these specimens and C. limnaei is the rather smaller number of
setae in these,—6 or 7 in segment ii and 3, 4, or 5 behind. (. Wmnaei
has up to 8—12, according td'Vejdovsky (12), who also remarks that the
hinder segments have commonly more than the antevior : this is not the
case here, but it is pretty certain that the above numbers do not repre-
sent the actual state in the living animal, and that a number of setae

=
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‘have fallen out ; in some segments I cannot discover any setae, andin <
one bundle I saw only one, thouzh succeeding segments‘had four or five.
The identification i5 however by no means above doubt.
€. limnaei is a Buropean species which is parasitic on and in fresh-
_ water Gastropods, or is occasionally free-living. " It has not hitherto, I .
think, been recorded as living in spbuges. : >
. - [}
Chaetogaster bengalensis, AAnnandale.
Small canal and flooded rice-fields' near Than-taung on W. Side of Inlé Like,
«Southern Skan States: in  Ephydatia fluviatilia.  28th Februdry, 1917. N.
Annandale. A number of specimens, none sexually lfmturu. (No. W. 114-1.)

The faentification rests on a comparison with the types of the species,.
kindly sent to me by Dr. Annandale. The species was originally ob-
tained by him‘zom water snailsin Calcutta (1). [ may supplement the
original account b ;- a few additional particulars, based on an examination
‘of the present specimens. 5

The length of a chain of two individuals in the preserved condition -
is 1-8 mm. or more ; of the first individual of a chain measured sepa-
rately, 1 or 1:2 mm. . The diameter at the widest part is -35—-38 mm.
The comparatively short length just given does not conflict with Annan-
dale’s statement that the animal measures at least 10 mm. when fully
expanded ; tha type specimens are the same length as these.

N=10 or 11. s

The setae of segnient ii are in lerigth 85, 904, unq 104p in three
different specimens, The main portion of she shaft is straight,. the
prongs are almost equal in length and thickness as a rule, even to the
oil immasion lens ; somswmes the przoximal prong appears shght‘ly
thicker at the base. The position of the nodulus varies from the middle
of the shaft to frankly £sfﬂl (distal to noduliis : proximal to nodu-
lus::2:3). 4 o o L

In more posterior segménts the setae are shorter, 68p—T4p ";
length ; in thickness they are about 1-7p. Here again the greater .pﬂfl
of the shaft is straight, the distal end being hooked, and the proxmllal
gently curved ; no difference can be regularly !.mule out bctwet;l'l t‘L',
terminal prongs, though sometimes the distal seems to be rather u_ngel
and thinner. The nodulus varies in positionsin the setae of the wn}:e)
bundle,—from the middle of the shaft to distinctly distal ; where :‘“L
disposition could be minutely examinéd, the innermost seta of the bun‘ ’;‘
has the nodulus nearest the middle, and the most external seta has 1
most distally placed on the shaft (¢f. Stephenson, Ya). )

The nuu);bgr of setae in a buiu{le is.P as Annandale has remarkcc‘i.'
very larve ; 1 counted 16 (as well as lesser numbers) hoth in the bun%lgb
of segment ii and in those further back (Annandale, 15—17). 2A¢
much eurved line of insertion of the setae of a bundle is very Sh"k!ng'ﬁ

The prostomium is practically absent,—it is metely the anterior 4p
of the: mouth ; this is a large circular orifice, ventro-terminal, looking
obliquely forwards and downwards. The section of the alimentary canal
which suceeeds the pharynx, usually valled oesophagus, 18 short but
quite distinet. The beginning of the next part of the canal, the swollen

crop, is marked by & number of célls, arranged in a fairly broad ring




\ i ’ R : § 0
0 }I) . h ~ ,
- o o > 1
[
L 3 L L
N [ o > e
: : - . - :
B o °1918.]  of. Seerurysens: Qligochaeta of the<Inlé® Lake. Sl

the lining epithelium, as is seen in longitudinal sections. where fhey

o appear as pronfinent cells projecting into the lumen’almost constituting

a circular valye. A X : !

= *“There is a considetable grapular more opaque mass in the cerebral,

i ganglion, as in some other species af the genus (cf. Stephenson, 6).

] Rgmarks.—The species is a well marked one, the large number of
sefad béing very characteriatic.” In addition, the practical equality in
length and $hickness of the terminal prongs of the %etae, even to tha
highest: powers (correctly shown in Annandale’s figure), with the short
but distinct oesophagus, will also serve as good marks of distinetioii.,

A . Not having noticed, in those species of Chaetogester whick: occur i
the Punjab, any specially curved dine of insettion of the:setae, I was
much struck by this very marked feature in the present specimens ; the
curvature seemed to me to be ever'more accentuated than in Annandale’s
figure. It is not, however, peculiar to this speciés; Miss Davies, in
deseribing C. australis (3), which has resemblances to the present species,
mentions that the setae are arranged in the form of a semicircle, except
in the case of those of segment ii ; Mdile. Dehorne mentions it in her
study of C. diaphanus (1), and adds that this arrangement: is even more
distinet in C. limnaei.

I do not add to the list of distinctive features of C. hengalensis the
presence of a posterior sucker (the anterior sucker of Annandale is the
margin of the mouth, as in the casa of the leech). = The posterior sucker
is mentioned by Annandale in his original account; in C. austrelis,

. Miss Davies says, ““ at ths pesterior end there is no definite sucker, but

the animal seems capable of slightly flattening its body so as to some-
what resemble one ** ; and for C. victoriénsis, “‘movement takes place by
means of a series of contractions and expansions with the aid of anterior
and posterior suckers, somewhat like a leech.” T have not been able to
see the posterior siickér in the types of C'! Fengalensis, nor in the present
batch of specimens ; in Annandale’s figure it appears to be merely the
margin of the anus,—but this aperture is not provided with any special
musculature discoverable either in the examination of mounted specimens

“or in longitudinal sections. Notwithstanding the more or less definite
statements I have quoted above, I do not think there will be found in
any species of Chaetogaster a pocterior sucker, that is, a definite muscular
organ, whetherincluding the anusernot. 1believe that the attachment
of the animal at the postezior end tiies place by means of the hinder
setal bundles, the hooked ends being turned forwards and taking hold
ol the substratum (as in the case of backward progression, ¢f, Stephenson,
6, p. 237) and that Mdlle. Dehorne (on C. diaphanus) correctly likens the
mode of progression to that of a caterpillar,— * 'animal se” déplace
ia fagon des chenilles arpenteuses, les soies bucco-pharyagiennes souant
le rdle de harpons, les soles moyennes et postérieures fixant | shaine an
substratum.”

If I might venture an add’tional word of criticism, it i= that sections
do not show any special thickness of the pharyngeal wall # nor is there
any peculiarity, as Annandale supposes, in the marner of insertion of the
setae of segment ii,

o @ nl - X
* . amund the opening of the gesophagus into the crop ; théke are part of

4
r
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uenus NAIS. |

- Nais communis, Piguet var. pucjabensis, Steplenson.

Kasauli ; July, 1915. Baini Prashad. Several specimens, none sexually mature.

’

v
+ Nais communis, Piguef.yar. caeca, Stephenson.

Along with the above. Several specimens, none sexually muture.

It is interesting to find the blind variety of this worm along with the
cne possessing eyespots, as was tna case in the material from Travancore
fron. which the var. cveca was first deseribed (Stephenson, 7).

2

o Family TUBFFICIDAE. :

b Genus BRANCHIURA.

Branchiura sowerbyi, Bedd.

Inlé Lake, Southern Shan States. In very soft mud in the open lake in 7 feet of
water ; green plants abdndant.  Several batehes, 19th February to 5th March,
1917. N. Annandale. (No. W. 103-4—1.)

Kaung-daing, Yawnghwe State,'Southern Shan States. 1In soft mud at edge of
stream of warm water issuing from hot sulphur spring ; surface of mud barely
covered with water; no vegetation. Several specimens; February, 1917.
N. Annandale. (No. W. 111—1.)

Inlé Lake; Southern Shan States.  In black mud at edge of lake in about 1 foot
of water: much decaying vegetation present. Several specimens; 28th
February, 1917. N, Annandale. (No. W. 112—1.)

Of the specimens collected at the various stations a number were
sexually mature ; and a preliminary examiration showed in some a
feature not hitherto recorded,—a Rcms-lfkc projecticn from the male
orifice. “This was howevei ‘not present”in all the sexual animals ; one
showed a projecting penis op one side and not on the other ; a few showed
two, the majority no penis at all. Three specimens were sectioned,—
with none, one, and two peniq}.projections respectively. s .

In those cases where there is no projecting penis the various struc-
tures have much the arfangement described by Michg&elsen (5). Michael- +
sen divides the male deferent apparatus into the following parts :—

'(:?) the funnel ; . 5 s
(i) the vas deferens, which enters the ‘wnll of the next portion,
the atrium, near the apex of the latter, and runs in that wall,
in a direction away from the external aperturée} to its very
tip ; " s
(#ir) tllle ental * portion of the atrium, a moderately wide tube
surrounded by a thick layer of modified peritoneal cells ; »
(#v) the middle portion of the atrium, a narrow continudtion of
~the above, which soon enters the coelomic sae, in the upper
v part of which it winds about, accompanied by the paratrium 3,
‘ , the lumina of the atrium and paratrium finally unite ;

1 Difiorent authors use the terms * proximal '’ and *° distal ™ in dificrent senses in
deseribing, for exsmple, such o structure as the atsium, or a spermatheca.  The more
usual practice amongst English writers seoms to ho to take the fixed end.—that which is
united with the bodywell—as the proximal; but Michaelsen calls the internal end
proximal and the outer diftal. To obviate confusion I nse sthe terms * ental’ and
*Yectal,” 5
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e o (v, the wider, ectal partiondf the afriun{ has a generally vertical _
coursesto the exterior through the coelomic sac ; »
o (vi) the paratrium, a nartow tube ending blindly at its ental end _
and joining the atrium at the other ; it is also covered by a
o thick layer of modified peritoneal cells. 4 a o

. % In all the cases hitherto observedfthe male orifice was quite ‘simple
(Bed‘(’lagd, 2 ; Michaelsen, 5 ; Step‘ler;,son, 9). .

Is may observe, first, that the ectal portion of the atrium is here
divisible into two distinct sections,—a lower, the terminal part of*the
®  whole deferept apparatus, and an upper?; the distingtion is, 1 believe, of

some importance from the point of view of the protrugion of the penis.
The upper section makes several bends in ke upperpart of the coelomic
sac ; the epithelium lining the lumen is cubical, and the pecubarity of °
the cells is that the inner portion stains slightly or not at all.—less deeply
than the basal part ; the hyaline appearance of the part of the cells

. which is towards the lumen gives them a distinctive character; the
nuclei are spherical, and stain rather lightly, showing scattered grains of

*chromatin in their interior. This section i8 divided from the lower

usually by a distinct narrowing, and sometimes the walls of the tube
appear folded here. The lower section has a generally vertical position
in the sac ; its muscular coat is thick, and the epithelivm is columnar,

though of irregular height ; the nuclei are oval, and stain densely.

por. aten, C5.
@ H

i[9 [ “
T T . ST »
‘. /s ! b s 4 N .f
’ ’ . . - .
e 7 / { 3 R A ﬁ
/ ﬂ' ! \ N, 3§ " hat
’ s o RS :
A b, at.ce. \pa
p.at d. at.m.

\.—Branckinra sowerbyi ; malo g““i?“l apparatus, dingmmmnti;, al, cc., al. en.,
at. m., the ectal, ental, and middle portions of the atrium ; 5., hodywall ;
co5., coolomic 880 3 fy funnel ; ., muscular band ; p. at., paratrive ; per.,
mass of peritoneal eells ;8. septum 10/11; v. 4., vas deferens ; 2, male
aperture, a
There are also a few other minor differences between these specimens **
and those investigated by Michaelsen, Thus the middle does not

-
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suddenly bezome swollén wliere it passes jnto the ectal portion of, the
atcum,—the enlargement is gradual. The atrium exteadsas faras, and
may extend furtler back in segment’xii than the paratrium ; both
atrium and paratrium may be confined to segment xi. The portion of
the vas deferens which is contained within the atrial wall'is considerably
greater than is shown in either of Michaelsen’s figures (see the dotted

iine in fig. 1), and indeed the length of the ental portion of the atiium =

as a whole is here much greater, ard its course more winding ; it is
here 2 much more conspicuous feature of the anatomy than the para-
trium, though the reverse would seem, from the figures, to have Leen
the case in Michaelsen’s specimens. The lower (ectal) portion of the
puratrium, of considerable lefigth, has here a well-marked lumen and is
lined by cubical cells ; it has here ‘escaped from the voluminous peri-
toneal investment. Michaelsen seems to be right in denying a muscular
coat to.the.paratrium, at any rate to that part which iz enclosed in the
thick covering of peritoneal cells. Fig. 1 gives a diagrammatic repre-
sentation of the male apparatus in the present specimens,

The penis, where it ocours, appears as a pear-shaped or cylindrical -
projection, sometimes twisted, from the male orifice. It is an evagi-
nation of the ectal portion of the atrium : and it is here that the dis-
tinetion of the«ectal portion into two sections, an upper and a lower,
is of use ; the lower part forms, when protruded, the outer wall of the
penis, and ths upper the axial canal which traverses the projection (text-
figs. 2 and 3) ; the aperture of the protruded penis is thus the junction

F16. 2.—Branchiura 's;;u'trhyi ; pon'is not protraded.

»oy " penis protruded.
a, b, ¢, corresponding points. S

n o de—
.

betweeii the upper and lower sections, This is borne out by the chﬂ.l:ac‘-
ters of the epithelium ; the central tube is lined by cells of a cubical
shape with a more lightly staining inner portion ; but it 1s nof <o easy
to recognize in the outer covering of the penial projection the characters
of the cells lining the lower part of the atrium, since these are for the
most part wuch flattened in their new situation.

When the penis is, protruded the coelowic sae extends to only about
half the height of the segment, and contains only the winding portions

»
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of the conjoined atrium and paratfium ; tie evigination ofthe terminal
section of the atrium seems never to be complete, so that there is*in
full protrusion till a deep groove round the base cf the penis,” which_
thus projects from within the male aperture (text-fig. 3).

° was at one time inclined fo doubt whether the % coelomic sac *'
was really coelomic,—whether its casity was really a cut-off pdrtion of "
the toelom. [t szemed to me that the most terminal portion of the inale
duct ~—that part which was originaﬂ_v included in the parietes,—might
have hypertrophied to pmd'ilce_the penis, and in so doing might have
raifed up the inner part of the muscular layer of the bodywall so as to
form the sac. On this supposition the cavity of the%ac would'net be
coelomie, but only an enlarged split in thie muscular wall of the body.
dn the same way the cavitydf the fills isa spage, not coelomicin origin, -
between the two muscular layers of the parietes ; there the outer muscular
layer carrying the superficial epithelium projects outwards as a gill, here
the inner layer carrying the peritoneal investment would project inwards
as the sac-wall.

However, the atrium within the sac has an (apparently) peritoneal
covering, well-marked in places, and consisting of cubical cleax cells ;
and a much flattened cell-layer can also be seen on the inner side of the
sac-wall. The cavity and its contents appear therefore to be lined and
covered respectively by peritoneal epithelium, and the space to be really
coelomic.

The above condition is remarkably similar to that which I have
recently described in Kawamuria (11). It is curious that the penial pro-
jection in B. sowerbyi hae not previously been observed ; there is how-
ever nothing, in £he moré ushal condition of the orifice, to indicate the
possibility of such a protrusiown,—the canas ends quite simpiy on the
surface of the body. It is true that I rechgnized the function of the
coelomic sac ire Kawaniuria,—to cause, by contraction of its walls; the
extroversion of the contained tube ; brt in Branchiura, which has the
sac but, so far as I then knew, no protrusible penis, I considered the sac
to have lost its funetioh, and to be a rudimentary organ ; it is evidently
at times fully functional.

The distance between Branchiura and Kawamuria is thus reduced :
the séparation must now depend on the presence or absence of gills. 1
will not further discuss at present whether generic distinction is still
justifiable, but may refer to what I wrote in my former paper.

The specimens showed much variation. In length one batch con-
sisted of worms of 30, 28, 25 or fewer mui. ; in another the individuals
ware 45—T70 mm. ; in others they were 90 or 100 mm., and one specimen
reached the great length of 185 mm.

The number of pairs of gills was 40-—47 in the shorter worms, and 90
in the longest : but this was not the maximum. In one fragment 140
pairs were found, but the total length of the animal cannot be known.
As many as 110 were found in an individual only 70 mm. long.

Sometimes nearly all the gills were well developed, only a few at
the anterior end of the series heing represented by mere tubercles : in
others a large number of the anterior gills were only tiny pro}ectinns.
But variation in this point seems to have no relation to the number of

¢
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gills or the size of the ‘Wnimal ; in a‘posterior fragment with 118 pairs,  « Q‘
43 were mere tubercles, and indeed all but the last 20 were little more ; j
in a spegimen 100 enm. Jong, with 92 paivs, all but a fevwere well deve-
loped ; in the longest specimen, with 90 pairs, about half were tubercles
‘Only. . k- - oo R N %o
s The length of the gills also varfes.® In an ordinary specimen they ‘e
are perhaps somewhat shorter than the diameter of fhe body : bt in %
' two examples of the present series they were very long,—about, three
times.as long as usual,—filamentous, tangled together and hence difficult
'to count. 1In a third specimen af the same batch they were about twice :
as long as usual § but in the fourth and last in the tube tlfey were not
neticeably longer than the ordingry. .
As tan be seen, these variations seeny, to be independent of each
other ; nortan I connect them withtthe habitat except in a small degree.
. The specimgns just mentioned, with the very long gills, were all taken
from black mud at the edge of the lake, in about one foot of water,
where much decaying vegetation was present ; the length might be
correlated with deficiency of oxygen,—but one specimen had gills of .
only normal length. The ]cn%th of the animals may however have a
relation to the nature of the “vottom in which they live ; thus those
Jliving in soft mud at the edge of a stream were the shortest (the stream
was warm, and issued from a hot sulphur spring,—conditions which
might perhaps have checked growth); lengths of 45—70 mm. were
found in one foot of water in relatively stiff, pcat-y' mud ; and specimens
90, 100, and 185 mm! were contained in the catches from the open lake,
in seven feet of water. These very long specimens were taken . on a
bottom of extreme softness, indeed of sensi-litjuid congistency, n whic:h
it would: be necessary fdx cylindricak bodies to he of great length in
order-to majntain a verticn‘! position,

.
»
- ~

Family MEGASCOLECIDAT. -« .

-

Ferionyx fulvus, Stephenson.»

Inlé, Yawnghwe State,.Southern Shan States: soft mud in muddy stream in
14—«'{ feet of water. “6th March, 1017. N. Annandale. Four specimens,,
(No. W. 108-1.)

The species was hitherto only known from & single specimen taken in
Caleutta. T must here correct a mistake which has crept into my original
i - account (10) ; the male pores are there said
to'be < not very close together on segment
xviii.,” I donot know how the word * not i
crept in ; my original notes ha:ve“ “ male
apertures very close together,’ and. 't-hg
K16, d=Perionyr fulins ; region ﬁgllre of the male .area inmy nf)t»es (W}.llclllll' :

pf male apertares  did not reproduce in the paper) 1 practically

. a facsimile of the one I give here (fig. 4),

drawn from the prasent specimens, except, that the apertures are there
even rather uearer together. i -

As the type specimen i incomplete postesiorly, 1 may give the follow-

ing measurements ;—length 175 mm., thickness 4 mm, (max. 4-5) in
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the case of the largest example ; the othels are smaller,—one which is
only 98 mm. loag and 2-5 to 3-25 mm, in thickness has well marked

male apertures though no clitelium. The largest specimen had 178 seg-.

ments.
“The only notable diffexence’of the specimens from the type is the

colour ; most species of Perionyz %ie distinguished by a rich purple -

coloiir dorsally; and the fact that the type specimen was yellowish brown
and, 2fmgst unpigmented suggezted the specific name. The present
examples however are a deep brownish purple above, pale below.. The
aquatic habitat is interesting. ‘ A X
Animmature Perionyx was also obtained from the Inié Lake, Southern
Shan States, from blask mud at the edge df the lake, in about one foot of
water where much decayingdvegetation was present. The locality, and
the fact that it was also aquatic, suggest that the specimen belongs to
the same species ; and this is borne out to some extent by the com-
mencing change in the male area, where the transverse grooves before
and behind the male apertures, characteristic for P. fulvus, are beginning
to appear. I mention it because of its colour, which seems to represent
an intermediate condition between the fulvous and purple. To the naked
eye it appeared a dusky purple dorsally in the anterior part, becoming
increasingly lighter behind, and in the
posterior half it is merely buff or tawny.
Under the binocular dissecting micros-
cope the colour is uniform at the anterior
end ; but behind this, longitildinal
streaks of pigment are =een in each
segment, purple en a yellow Background,
interrupted by the intersegmentalfurrows
and not always corresponding in position
from one segment to thenext : the streaks
are still present, but increasingly lighter, Fio. 5.—Perionyz fulvus (presum-
up to the hinder end. but there they only ?:’ l‘:;-)h;iél? ;:',z:w'n":u':'::;
suffice to modify thes yellow background " develops.
to a buff tint (fig. 5). The deposition of )
pigment thus appears to take place in streaks, and not unifurmly, a
uniform tint being produced by expansion and coalescence of the streaks.
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11 ) —Aquatic Oligochaeta from Japan and China, in.
ol Zoological Results of a Tour in the Far East, ed. N.

Annandale. Mem. As. Soc. Bengal, vol. vi, 1917.
12. Vespovsky, F.—System und Morphologie der Oligochaeten. Prag, -

. 1884.
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AQUATIC RHYNCHOTA FROM THE
o * SOUTHERN SHAN STATES." '

_ By C. "Ap Paiya, Assistant, Zoological Survey of India.

AR o

The water-bugs collected by Drs. N Annandale aad F. H. Gravely
in the Southern Shap States include many novelties and are of great
interest on account of the unexplored state of the region in which the
collection was made. e S ‘

Although the families Hebridae, Pelogonidae and Naucoridae are
unrepresented and only one species of Belostomatidae and two of
Nepidae have been obtained, the remaining families are fairly repre-
sented. Of the thirty-three species listed below seven belong to the genus
Gerris (Hydrometridae), three to the genus Micronecta Corixidae),
two each to the genera Microvelia (Hydrometridae), Enithares, Anisops,
Plea (Notonectidae) and Coriza (Corixicae), and one each to Mesovelia.
Velia, Perittopus, Ptilomera, Onychotrechus, 'I'enlvzjdius, Metrocoris.
Naboandelus, Nacebus (Hydrometridae), Ranatra, Cercotmetus (Nepidae).
Sphaerodema (Belostomatidae) and Nychia (Notonectidae).

This is probably by no means a complete list of the Aquatic Rhyn-
chota of the Southern Shan States, as further résearch ma

v discover
many more known as well as new forms. .

From the Inlé Lake 1tseif one species of Microvelia, five of Gerris,
one of Naboandelus, one of Nacebiis, one oi* Ranatra, one of Sphaero-
dema, one of Enithares, one of Nychia, two of Plea and one of Miero-
necta were obtained.

Amongst the rost: striking forms may be mentioned the beautiful
Velia Y-alba and a new species of Nychia, a genus which is very scarce
in the Oriental Region. The species of Plea too are very interesting

In order to render this enumeration as convenient as possible for

“reference, I have followed the arrangement adopted by Mr. Distant
in his volumes of the Fauna of British India, Rhynchota.

y
Fam, Hyvoremergipag, .| Fam. NEFIDAE.

Mesovelia mudsanti, Buch. White. | Ranatra varipes, Stal.
Velia Y -alba, Sp. nov. : “* Cercotmetus pilipes (Dall,)
Microvelia diluta, Dist. Fam. BELOSTOMATINAEK.
Microvelia burmanica, Sph NOV. Nyphaerodema rusticiom (Fabr.)
Pevittopus breddini, Kirk., Fam, NOTONECTIDAE.
(Gerris anadyomene, Kirk. Enithares templetoni (Kirby),
Gerris nepalensis, Dists | Enithares intha, sp. nov.™

g Gerris fossarim (Fabr.) ! Anisops niveus, Fabr,
Gerris nitida (Mayr.). Awisops sardra, Heérr, -Sclhadr,
Gerrix tristan, Kirk, | Nychia infuscata, Sp. nov,
Gerris paludum, Fabr. | Plea quinguenotata, 5P nov.
Gerris spinolae, Leth. and Sev, Plea areclata, Sp. nov,
Ptitomera laticaudate (Hardw.j Fam, CoRIXIDAE,
Onychotrechus lyra, sp. nov. Coriza unicolor, sp. uov.
Ventidius distanti, sp. nov, Coriza septendineata, Sp. nov.
Metrocoris nigrofasciatus, Dist. Microneela "substriata, sp. nov.
Naboandelus signatus, Dist, ¢ Micronceta soror, spe nov,
Nacebus duz, Dist. Micronecta fulya, Sp. noy,
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. Family TIYDROMETRIDAE. .

° L]
* Subfamily MESOVELIINAE. *

- - ® s . . -
° Mesovelia mulsax:q, RBuch.-4Vhite.

-
& Mezovelia mulsanti, Distant, Faun. l}’.ri!? Ind., Rhyn. 11, 1904, @. 169 ; id. .,
% . V {Appendix), 1910, p. 137. L 5
- ° - .
.. A wumber of gpecimens in garious stags of development from the
marginal zone of the Inlé Lake, Tawnghwe State, 2—3-ii-1917. o
A A wery widely distributed Oriental species, octurring al% in North
s and Central America and in {Re Antilles.
-~ - et ® L 4 . .

i X Subfamily VELIINAE.

C; Velia Y-alba, §p. nov.
(Plate VIII. fig. 1.)

Ll
Described from aesingle l)il.ll)cd gpecimen from the marginal zone
of the Inlé Lake at Fort Stedman, Yawnghwe State, 28-ii-1917.
Head reddish-brown with a central, longitudinal, pale, impressed,
. smooth line ol disk ; antennae hairy, ochmceous,.the basal joint stout,
. curved, with sub-basal, submedial and apical fuscous annulations ;
second joint a little Shorter than fitst, broadly banded with fuscous
a liftle beyond base and at apex ; third joint dender, subequal in length
to secgnd angl fourth, almost entirely fus@us® except gy, base, where it
is pale ; o®th joint slender,o®igh pas®l amd apical fuscous annulations ;
eyes black, deeply facetdd, the facets appearing silvery in certain lights.
Pronotum reddigh-brown, the posterior area muth darker, almost black
and thickly covered with slm]lgw punctures and ‘:horg black hairs. e On
the anterior gréa there are ®wo submarginal, bluish-grey, ongitudinal
fasciae widening postesorly and extending from neas the anterior lateral
. angles to a little beyond the junction of the anterior and posterior lobes ;
gides of*pronotum distinctly subangulate, the p«:sterior angle rounded.
Rlytra dark brown with a large irregularly rectangular patch atebasal®
- au'g]e, narrowed towards base, a small oblong one at about middle of
inner margin and a reversed Y-shaped fhark at a pex, dul] white. Dr.
o Annandale informs me that when the insect was alive theze marks were
of a bluish-grey tint. Undersidé light yeno‘."ish-brm\‘u, the prosternum
. o and.the mesopleura darker, a lateral series of silvery grey spots out-
wardly margined with black, extending from the prosternumgto the
- sixth veggral segment, a suffusion of red on the underside of the cgn-
nexjvum and on the fifth, sixth and seventh ventral abdominal seg-
. ment®.  Legs Ifairy, luteous, annulated with dark fuscous ; coxae ande
femora marked with red on the underside ; hind femora incrassated.
. Restrum  ocfiraceons, with a broad, longitudinal, black band
below. o " . >
° Lenfth (i milling. 2
% g ]_T.'IIK? No. 7109/H? 1. in the collection 81 the Zoological Survey of
ndia, .
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Microvelia diluta, Dist.
Microvelia 2iluta, Distant, Fawn, Brit. Ind., Rhyn. V (Aprendix), 1910, p. 139.

I have identified this species with some doubt. All the specimens
thiat were collected were preserved in alcohol, and in this state the mark-

ings, especially those on the elytra; appear more distinet than those

in pinned specimiens, in which they have a tendency to fade or become
discoloured. In the alcohol spesimens there is a distinct interruption
in the ochraceous band at the anterior margin of the pronotum, whereas
in ‘the pinned specimens in the collection of the Zoological Survey of
India this band appears to be entire, and is also figuréd as such by, Dis-
tant in his description of the species. Farthermore, the colour of the
rantennal joints and that of tfie underside seem to vary toa very “marked
degree in the specimens in alcohol.

A large number of specimens, in ull stages of development, were taken
on the surface of a small puddle at the foot of Elephaat Hill, near Yawn-
ghwe, 17-ii-1917, and two specimens from the surface of the marginal
zone of the Inlé Lake, 2—3-iii-1917. This species has been recorded
from Calcutta and Rajshahi in the Province of Bengal.

Microvelia burmanica, sp. nov.

(Plate VLI, fig. 2.)

A single specimen (preserved in alcohol) of this species was obtained
on a small stream at Hsamonghkam (Thamakan) 4,000—4,500 feet,
Southern Shan States, 13—11-1i-1917, and a few from the Taung-gya
Valley, Yawnghwe State, ca. 3,500 Tt., 2-1ii-1917.

I cannot identify this species with any described form. It resembles
M. albomaculata most clogely, but the position of the spots on the elytra
is a little different. the relative length of the antennal joints and the
colour of the legs, antennae and the underside are also d:fferent.

[ have compared the Shan specimens with some specimens of M.
albomaculata identified by Distant. The length he gives in his descrip-
* tion.of the fatter is 2 tam., but the specimens he has identified are con-
siderably smaller, The Shan specimens, though actually much larger
than those of M. albomaculatas measure only 2 mm. in length.
In general colouration this species is very fike M. albomaculata.
A series of small deep black spots is situated within the marginal pubes-
cent fascia near the inner margin of each eye, and there is a longitudinal,
impressed, black line on the disk of the head not continued to the base
or apex. The antennae are hairy, brownish ochraceous ; the greater
part of the basal joint posteriorly is much paler ; the first joint is stout,
curved outwards, longer than the second which is the shortest juint ;
second joint stout at apex and tapering at base'; Phe 'third joint is sler.der,
long, a little longer than the first ; thp fourth joint is very long, slender,
about as long as the second-and third together ; eyes hlack.
The pronotum is as in M. wlbomaculata, except that there is a dis-
tinet, deep black, discal, longitudinal line extending from the anterior
fascia to a little beyond the middle.

-
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Hemelytra dull fuscous black with numerous greyish-white spots® a
very large spot interrupted with fuscous occupies nearly the whole of the
¥ s .3 ' .
clavus ; corium with a small and a large basal marginal spot ; a large,
centrally infuscate spot near inner margin, a smaller one near oujer

margin : an elongate irregular subapical membranal spot, and a smaller S

elongate spot at inner angle. Body bengath black. Legs hairy, brownish « »

ochraceous, darker towards the apices of the femora, tibiae and farsi.
Length 1-9—2 millim. » g iy
“. Inaddition to the Shan spevimens I have examined a number gh-
tainad by Dr. Gravely on the road from Thingannyinaung to Myawadi,
Tenssserim, ca. 900 ft., 24—26-xi-1911.
Type No. T106/H. 1. in tne collection of the Zoological Survey of
India.

L
Perittopus breddini, Kirk.
Prittopus breddini, Bergroth, Wien. Ent. Z=i!. XXV, p. 16.
There seems to be some doubt about the identity of this species.

The genus was originally described from an apterous form by Fieber, *

in a very vague manner. Later on Kirkaldy defined it more fully and
made P. breddini, a Javanese species, the type of the genus, the descrip-
4ion being takenfrom an apterous form also. Bergroth described a
macropterous form and placed it in this species. The only Burmese
form as yet recorded, P. rujus, Distant, was described from an apterous
insect. Dr. N. Annandale,’ however, described a winged form from a
small tributary of the Rangoon River, Burma, as that of P. rufus.
The specimens from the Shan States, which ate all winged, agree with
the one described by Dr. Annandale as Well as withe Bergroth's de-
seriptiorOf P. breddini frofa Java, andrapterous specimens from Sukli,
east side of the Dawna hills. ca. 2,100 ft., Burma, agree with apterous
specimens in the collection identified by Distant. Among those from
Sukli there are also some winged forms which are exactly similar to®the
Shan ones. 1t seems probablt that these all belong to one species, and
as P. breddini was desctibed before P. rufus, the Shan specimens must
be placed under the former name.

A number of adult sptcimens were obtained from a small pool in Py

the bed of a dry stream at He-Ho, ca. 3.800 ft., Yawnghwe State,
7—9-iii-1917 ; three specimens in the Taung-gya Valley, ca. 3,500 ft.,
2-iii 1917, and six from Fort Stedman, ca. 3,500 ft., Yawrghwe State,
3-iii-1917. The species is common on small pools in streamlets in
the State of Yawnghwe and algo in the Dawna hills. The genus appears

to be practically confined to a habitat of this kind. 3
Subfamily GERRINAE. s
) Gerris anadyomene, Kirk. &

.
Gerrix anadyomene, Distant, Paun. Brit, Ind. Rhyn., 11, p. 177.

1
A mamber of specimens in various stages of development from a pool
at the westerr. foot of Pagoda Hill, He-Ho, ca. 3,800 ft., Yawnghwe State
(T—9-iii-1917). :

1 Ree. Iud, Mus. V1, p, 112 (1912).

+

7
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“This species was originally described from Pundaluoya, Ceylon,
and it has alsa been recorded from tie Philippine Islands. It has
not, however, hitherto been found in Continental India.

, @ 4

" Gerris nepalensis, Dist.
(Ferris nepilepgis, Distant, Faun. :B;}t. Ind., Rkyn. V (Appendix), p. 143,

Q A ¢ ~ e o . . e
Several specimens, both pinned and in alcohol, from various localities
as detailed below :— e

Swamp at the head of the Inlé Lake, Yawnghwe State, 20-1i-1917.
Marginal zone of the Inlé Lake at Fort Stedman, Yawnghwe
State, 28-1i-1917 and 2—3-iii-1917. - A
X (Canal, Than-taung, West side of the Inl¢ Lake, Yawnghwe State,
28-ii-1917. .
Hsamonghkam (Thamakar), 4,000-4,500 ft., 13—14-ii-1917.
This appears to be a very common and widely distributed species.
Specimens from various localities in Nepal, the United Provinces and
from Kawkareik, Tenasserim. are in the collection of the Zoological
Survey of India.
Gerris fossarum (Fabr.)
(ferrix fossarum, Distant, Fawn. Brit. Ind., Rhyn. 11, p. 178 : id. jbid., V (Appen-
dix), p. 142, . 3
This species was rather common on the lake itself and several speci-
mens were obtained on the 2—31i-1917. Some also were got in the
canal at Than-taung, Ya'wnghwe State, 28-1i-1917. 4
It has been previously recorded from Bombay and Bergal in India,
and from Malacca, the Philippines, China and Australia,

" Gerris nitida (Mayr.) 4
Gerris ‘hitida, Distanc, Fawn. Brit. Ind., Rhys. 1L p. 178 ; id. ihed,, V (Appendix),
p- 142, . y
Two specimens from the marginal zone of the Inlé Lake, 2—3-iii-
1917 and one from the edge of the Inlé Lake at Fort Stedman Yawn-
« ghwe State, 28-1i-1917.
This species is found nearly all over India, Burma and Ceylon.

9
Gerris tristan, Kirk.
(Fervis tristan, Distant, Faion. Brit. Lud., Rhgn, 1L po 179 2 ids ibid., V (Appendix),
P 144,
Seven specimens from the marginal zone of the Inlé Lake, Yawn-
ghwe State, 2—3-111-1917. :
"~ Originally described from Ceylon, but now known to oceur in India
and Burma also.
Gerris paludum, Fab.

Gerric paludim, Distant, Favu. Brit. Ind., Rhyn. 11, I 180,

Two pinned macropterous specimens from the canal at Thah-taung,
Yawnghwe State, 28-ii-1917, and two in alcohol from a small stream,
Hsamonghkam (Thamakan), 4,000-4500 ft., 13—14-1i-1917.
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I think I have identified this species 1correctly. The description
given by Distant is very meagre. Douglas and Scott in.their *“ British
emiptera " have, however, given a more detailed description with which
the specimens agree fairly well. : , <

The only other example in the calleztion of the Zoological Survey
has abbreviated elytra ; it was taken in Palestine and w=s determined
by Horvath. J - .

’ . Gerris spinotae, Leth. and Sev.

Gf this very ahundant species only a few spectimens were obtained,
viz., o specimens from a swam p at the head of the Inlé Lake, Yawnghwe
State, 2C 1i-1917 ; two from the canal et Than-taung, Yawnghwe
State, 28-ii-1917, and eight from the Inlé Lake, Yawnghwe State,
3,000 ft.. 18—28-11-1917.

Ptilomera laticaudata (Hardw.)
Ptilomera laticaudata, Distant, Faun. Brit. Ind., Riyn. 11, p. 185.

Six specimens from Taung-gya Valley, Yawnghwe State, ca. 3,500
ft., 2-iii-1917 ; two specimens from Than-taung, Yawnghwe State,
ca. 3000 ft., 28-ii-1917. “Not uncommon on jungle streams in
Burma, the Malay Peninsula and Siam ; markedly gregarious. N. A

Cnychotrechus lsra, sp. nov.
(Plate VIIL., fiz. 3.)

Deseribed from one pititicd aad sevéral alcohol specimens from the
Taung-gya Valley, Yawnghwe State, ca. 3,500 ft., 2-11i-1917.

Ochraceous with numerous black markings which are sometimes
more or less reduced or almp.t absent. Most of thiese markings are
densely covered with fine greenish pubescence. Illeu(l with the apex
black (seen from beneath), with a silvery white pubéscent spot on each
side : a Jarge V-shaped mark on disk of vertex, a sl.nall marginal spot
on each side before eyes and a slightly curved fascia on the posterior
aves near the inner margin of each eye, black.

Pronotum with four black spots or Marks ; two discal, which are
largest and converge on the anterior margin, and two smaller, lateral,
submarginal, touching the anterivr margin.

Mesonotum very large, more than twicfs as long as th(} pronotum.
A large harp-shaped mark on disk, anteriorly c]othed. with greenish
and posteriorly with bluish-grey pubescence ; on each P‘lde of this is a
lateral curved line extending from the anterior margin to about the
middle of disk, a short broad band connects this with another curved
line, the inner part of which extends to the base of th.e mesonoturnm,
with the outer portion reaching the region of the intermgdlate acetabula.
Abdomen blackish above, the three apical ségments medially ochraceous.
Connexivam marked with ochraceous. *

Antennae piceous, basal joint ochraceous. Leys ochraceous, tarsi

black., . :
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Propleura with a black spot almost touching the lateral spot on the
pronotum. Mesopleura with a black iripressed line, silvery pubescent,
slightly sinuate anteriorly, nof reaching the posterior margin. All tho
acetabula with a silvery pubescent black spot at base. _

“Sternum pale ochraceous with scanty silvery pubescence ; a central
and two lateral black lines, the central line extending from the proster-
num to the apical segment of the abdomen, the lateral lines from the
front” acetabula to near the intermediate acetabula.

Length 4-25 millim. e \ 3

Type No. 7T124/H, L. in the collection of the Zoological Survey of
India. 5 Hl

Ventidius distanti:'sp. nov:
a
(Plate VIII, fig. 4.)

Described from several specitens in alcohol, from the top of the
gorge of the He-Ho River, Yawnghwe State, ca. 3,500 ft., 7-11i-1917.

Apterous form—Head black with a large patch at base, and a
transverse fascia at apex of face vellowish ochraceous; eyes silvery
grey, with a black patch on the disk; antennae black, basal half of
first joint yellowish.

Pronotum very short, black, a narrow ochraceous waved fascia
at basal margin, anterior margin slightly concave, posterior margin
almost straight. Metonotum large, about as long as its greatest breadth,
covered with decumbent hairs, disk obliquely stiiate on anterior area.
ochraceous, with two broad lateral black fasciae curved inwards
anteriorly and meeting aarrowly on anterior margin, each extended
posteriorly to meet a curved fascia: on the Antermediate aceiabula; a
large subtriangular patch at centre of posterior margin ; the posterior
lateral angles narrowly dull black.

Metanotum dull black with a small ochraceous spof near each basal
angle, ; : .

Abdomen above dull white, the basal segment, a spot at lateral
margin of each segment and the apical segment black.

Underside pale ochraceous ; legs black, base of anterio femora

* ochraceous. t

Length 3 millim. !

; Type No. T125/H. L. in the collection of the Zoological Survey of
ndia. ; |

Metrocoris nigrofasciatus, Dist.
Metrocoris nigrofosciatus, Distant, Fawn. Brit, Ind., Rhyn. V (Appendix), p. 159,

y Se‘vcrul specimens from foot of Elephant Hill near Yawnghwe,
17-1-1917, and 6-ii-1917.

A few from a pool at the western foot of Pagoda Hill, He-Ho, 3,800
ft., Yawnghwe State, 9-ii-1917. Four specimens from a small stream
near Fort Stedman, Yawnghwe State, ca. 3.500 ft., 3-11i-1917.

A somewhat variable species with a wide distributica having been
recorded from the base of the Western Himalayas, Lower Burma, the
Malay Peninsula and Siaa. It probably also oceurs in the Eastern
Himalayas and Assam. :
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S .

N al;oandelus signatuss Dist. v

Naboandel us signgtus, Distant, !"mm. Brit. Tod., Rhyn. V (Appendix), p. 164.

-1
Several specnmens from the marginal zone of the Inlé Lake, Yawu-
ghwe State, 28-ii-1917, 2—3-iii-1917, -

< Two ‘specimens from a swampiat the head of the Inlé Lake
20, 28-i-1917, and six from the cnnal at Than-taung, “west side " of
the Inlé Lake, Yawnghwe State, 24-ii-1917. p

This species was Tirst foundein the Calcutta tanks. It is possible
that_it may be foumL throughouv India and Burma. 2

3 . Naedbus dux, Dist. .
- "
y Nacebus dux, Distant, Faun. Brit. Inds, Rhyn. t (Appendix), p. 165,

“

. Three speeimens preserved in aleohol from the marginal zone of the
* + Inlé Lake, Yawnghwe State, 2—3-iii-1917.
This species has been recorded from Calcutta and Mudon, Amherst
Distriet, Tenasserim.

; Famity NEPIDAE.
. S Ranatra varipes, Stal.

Ranatra varipes, Distant, Paun. Brit. Ind., Rhyn. \" (Appendix), p. 316.

One specimen from swamp at edge of the Inlé Lake, Yawnghwe
State (24-1i-1917), preServed in alcoh®l.

Most of these bugs do not retain their natueal colouration when pre-
served dry and colour markings are not vety rtliable when descriptions
are made®from dried spechhens., This specimen, however, agrees with
the structurgl characters given b\ Distant. in his descrlptlon of the
species. .

It is very \\ldeh distributed and has been recopded from Nepal,
Bengal, Ceylop and Burma. *

5 . .
Cercotmetus pilipes (Dall.).
l_‘rr:ofmr(ux pilipes, l)i-tn'nt'. Fawn. Brit. Ind,, Rhyn. B, p. 23. %

One specimen, pwsnr\'ml in aleohol, from the He-Ho Marsh, Yawn-

shwe State, 8-—9-11i-1917. ®
. This species was originally deserfbed from Bhutan and does not
appear to have heen wcmded fr(m'n elsewheré.
- - » q
Family BELOSTOMATIDAE. -
, Sphaerodema rusticum (Fabr.)
: i ,-57'h'l'l'mfrirttn' rusticwm, Distant, Fawn. Brit. Ind., Rhyn. 111, p. 36,
p 3 Twg specimens from the Inlé Lake, Yawnghwe State, 2—3-iii-
& 1917 ; one specimen from the river ateYawnghwe, 6-iii-1917 ; one
g frpx_:_n the edpe of the Inlé Lake at Fost Stedman, Yawnghwe State.
S s 28-ii-1917, and one specimen  from the eanal ai Than-taung, west
3 side of the Inlé Lake, Yawnghwe State, 28-i-1917.
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A very common and widely distributed species, having been recorded
by Distant from India, Burma, Ceylon, Siam. Malay Peninsula, Sumatra,
Java, Philippines, China ana Australia.

9 '

Family NOTONECTEDAE.
: Enithares tempietoni (Kirby).

Enithares templetoni, Distant, Fawn. Brit, Ind.. Rhyn. 111, . 43.

One adult and two immature specimens from a small stream above
Fort Stedman, Yawnghwe State, ca. 3,560 ft., 3-iii-1917. e

This species appears to lidve a fairly wide range. oceurring in Bombay,
Ceylon and the Siamese Malay States.

Enithares intha, sp. nov,

(Plate VIII, fig. 5.)
Two specimens from the marginal zone of the Inlé Lake at Fort
Stedman, Yawnghwe State. 28-ii-1917, 2 —3-11-1917. -
Head varying in colour from pale stramineous to pale ochraceous,
sometimes tinged with light green ; eyes dark castaneous or black.
Pronotum and elytra straminzous ; the former foveately excavated,

anterior angles distinctly blackish ; sternum blackish. Extreme base
of corium fuscous.

Legs stramineous, with the andérside of ihe fore and hind t*biae and
hind tarsi black at apex. A .

Head short, its vertex longer than its greatest breadth at apex, about
equial in length to the pronotum ; its lateral marging convex and slightly
attenuate towards base ; breadth at apex more than the width of the
hind margin of the®eye. c

Pronotum more than twice as broad as length in middle. Scutellum

 much broader at base than long. Corium about as long as head.

pronotum and scutellum together. Posterior tibia about two-thirds
longer than posterior tarsug. Smaller than ‘nithares tndica, from
which it differs by the total absance of any dark markings on the
upperside, as well as in proportion of head and pronotum.
Length 8—8-25 mm. :
Type No. TI3T[H. I. in the collection of the Zoological Survey of

\ India. )

Anisops niveus, Fab.
Anisops niveus, Distant, Fown, Brit. Ind., Rhyn. 111, p. 46,

Several specimens from a l.arge muddy pool withont weeds, He-Ho,
3.800 ft., Yawnghwe State, 8-iii-1517. :

1 I have identified this species correctly, it is a very variable one.
as among the specimens in alcohol there are some with various black
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amarks on thé pronotum and elytra, and others entirely devoid of any
darl: markings. ) ‘ j

« . niveus has & very wide distribution. L
. : . . ‘ o
3 Anisops sardeay Herr.-Schafi.

:
* Anisops sardea, Distant, Faun. Brit, Ind., Riyn. 111, p. 454

.
A single female specimen from He-Hoy ca. 3,800 ft., YatWwnghwe
State, T—9-iii-1917. i .
¥ have identified this species from its size. Invall otherwespects it
is alinost indistinguishable from A. feberi, Kirk.

Nychia infuscata, sp..;nov.
N (Plate VIII; figs. 6, 6a.)

A number of sfuecimens preserved in alcohol, from the marginal
zone of the Inlé Lake, Yawnghwe State, 2—3-iii-1917.

This genus has not hitherto been recorded from continental India.
Kirkaldy, however, records it from Ceylon. My description is taken
from specimens in alcokal.

Head pale greenish, eyes light purplish. Pronotum white, with a
lateral fuscous spot at each hind angle. Scutellum white. Elytra
whitish, transparent ; corium white, next to the embolium a broad
longitudinal band exténding the whele length and a short discal one
(sometimes almost absent) united with the othgr at base, extending, to
a little before the middle of the corium, fasctus; the, latter apically
dull white: Embolium ye],kw_vislhwhitc,.the outer margim dark fuscous.
Antennae pale white ; second joint clothed with black hairs, fourth
joint with silvery hairs and with a fine black longitudinal line below.

Clypeus fuscous brown, apical third of rostrum blt}ck. a
Sternum pale ochraceous, & {les and the acetablila covered with long,
fine, black hairs. ’ S

Underside of abdomen pale ochraceous, with a distinet, central,
longitudsnal carination which does not extend to the base of the abdo-
men. clothed on each side with long, black hairs, which are also present
on the lateral margins of the ventral abdominal segments. Hairs on
the sides and apex of the abdomen long atd silvery. '

Legs pale yellowish-white ; front aind intermediate coxae and femora
marked with dark fuscous; pogterior femora with fine longitudinal
with a black longitudinal line below,
fringed with long black hairs ; posterior tarsi also fringed with long
black haigs ; anterior and intermediate tarsi outwardly fringed with
fine long white silky hairs ; posterior tibiae and tarsi nearly subequal
in leng:h, posterior femora extending beyond apex of abdomen.

Iu some specimens there is a small black spot near the middle of the
inner margin of each elytron. Structural characters as those of the
genus. -y

Lengih 4—5 mm. :

Type No. T098/H. 1. in the collection o the Zoologieal Survey of

Tadia,
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Plea guinquenotata, sp. nov.!

(Plate'VIII, figs. 7, Ta.) /

-One specinen from the edge of the Inlé Lake at Fort Stedmai,
Yawnghwe State, 28-1i-1917. :

Dull greyish-white ; head with a central. longitudinal, yeli»wish
fascin extending from base to about the middle of the facial region,
wider posteriorly than aateriorly ; cyes purplish-red ; head densely
punctured. : ] :

Pronotum greyish-white, densely punctured ; ‘posterior lateral ‘area
slightly fuscous ; five small black spots above, situated two a 'little
behind anterior margin on disk, one near each lateral angle ard one at
' the middle of the basal margin.

Scutellum yellowish, sparingly punctured. Elytra densely punc-
tured with brown ; clavus with the punctures darker near the base and
apex ; corium greyish-white with a transverse fuscous band near middle
and a large fuscous patch on its posterior third.

Legs pale ochraceous, extreme apices of femora and tibiae annulated
with black.

Underside dark brown or black.

Length 1-5 millim.

Type No. T145/H. 1. in the collection of the Zoological Survey of
India.

Plea areolata, sp. nov.

(Plate VIII, figs. 8, Qa.)

One specimen from the top of the gorge of the He-Ho River, ca.
3,000 ft., 7-iii-1917, and two from the marginal zone of the Inlé Lake,
Ya-wnghwe State, 2—3-ii-1917.

Head pale ochraceous with three da.k brown spots., one central,
longitudinal, rectargular, the others rounded ar.d placed obliquely, one
on each side and above the central spot ; vertex sparingly punctured,
disk impuncfate ; eyes black. : g )

Pronotum fuscous, with the anterior margin brown and the anterior
area and three lines (one broad, central, longitudinal, not reaching
posterior margin and two indiftinet lateral, oblique), pale ochraceous ;
the central line is laevigate ; anterior area of pronotum almost 1m-
punctate, with a single line of puncttfrés on anterior margin, _t.he greater
part of the posterior area with very deep black punctures w_'luch under a
high power of the microscope appear like areola or deep pits, each pit
with a short stiff hair. Seutellum yellowish-grey, dark along the basal
margin, sparingly punctured.

Clavus and corium greyish-white with numerous deep black' pune-
tures, apex of clavus slightly fuscous. ;

Underside black or fuscous ; the legs ochraceous, posterioy tibiae
with a series of fairly long spines beneath, and with a iong stiff hair

z . re_ JLS . . . .
! In the figure of thi. species the artist has raised each part of the msect in profile
in order to show the markings more distinetl . Figure T gives n side view of the insect.
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arising from ‘the base and extending beyongd middle, visible only frqm
below. ' . ;
Length 2:25 muh. £ ¢
Type No. TL46/H. L. in the collection of the Zoological Survey of

.India. i .
b . "

Family CORIXIDAE. i '
. »

-
-

. Corixa uwicolor, sp. nov.
3 «Plate VIIL, fig. 10: pl. IX, fig. 2. .

Two specimens from He-Ho, cu. 3,800 ft., Yawmghwe State, 7 —9-iii-
1917, in a large muddy pool without weeds.

Moderately elongate, greatest breadth about half the length, pro-
notum withbut fasciae ; the hemelycra not mottled with piceous.

Head smooth, cchraceous, with a brownish patch at base which is
emarginate anteriorly, basal margin darker, length equal to breadth
between eyes, a distinct tubercle at centre of basal margin, inner margins
of eyes discally subparallel, conyerging slightly on the facial area, eyes
greyish-black, large, ‘subtriangular, extending posteriorly over the
{ateral angles of the pronotum, a few punctures on disk of vertex.

Pronotum.pitchy black, its Jength in middle about half its breadth,
very minutely punctured, shining, subcordate : Iateral angles rounded
anteriorly, acutely painted posterior'ly : anterior margin sinuate in the
cenltre, posterior margin rounded, a faint.‘ short, medial carina on
disk. /i
Elztra light brown, depsely pm}cturc('am'l coveree with short stiff
hairs - subcostal area opaque, dasky grey, hairy.

Sternum pale ochraceaus.

Abdomen . beneath yellowish, Legs testaceous. Tlypeus trans-
versely striate and with a faint medial longitudinal ca~ina. '

Palae Jarge, with a fringe of long hairs externally and with a row of
fine, closely-set teeth on the underside.

Length 6:5—7 millim, _

Type No, T143/H. L. in the collection of thq Zoological Survs‘y of

India.

Corixa septemlineat;, Sp. nov.

(Plate VIIL, fig. 9; pl. 1X, fig. 1)

One specimen from foot of Elephant Hill near Yawnghwe, 17-1i-

1917, preserved in alcohol.

This species differs from all other allied species in the pronotum

having seven distinct, regular, pale ochraceous faseise on the disk. . The
lateral margins of the face are oblique. The pronotum is slightly
broader than its medial length. The species is & slender one more than
twice as long &s its greatest breadth.

Length 45 millim,
_ dT"”’e No. T099/H, 1. in the collection of the Zoological Survey of
india,
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: Micronectg substriata, sp. Wév. .
» (Plate VIIL, fig. 11; pl! IX, fig. 3.),

Kive wp(-cm}'ens from Fort Stedman, ca. 3,000 {t., Yawnghwe State,
21671917, 0%

Head pale ochraccous, with & brswnish tubercle at centre of basal
mardin ; pronofuia and scutellum’ pitchy black (in pinned specimén) ;
elytra olivaceous grey with urcualar fasciate, fuscous lines and spots,
which are situated as follows’ —(lavus with a long submarginal broken
fascth and indistinet fasciae near its scutellar margins ; corium with
discal ll'l(‘"lllul‘ fasciae converging bllbd”) and apically ; a small Tigear
spot on inner margin, three clongate spots on costal margin, one sub-
basal, one medial and one subapical, and a large subtriangular patch at
the i muo angle of the right elytron.

Elytra dcuacly and minutely, punctured, each punctwre bearing -
a minute stiff *hair. 3

Head broader than long: shorter than pronotum : longer in
the middle than at the margins near the eyes; posterior margin
slightly concave. s 0y

Pronotum large : in the middle about half <as long as broad :
lateral margins about one-third the width of the hind mazgin of the eye : -
anterior and posterior margins strongly convex.  Underside very pale
ochraceous. d 5

Length 2:75 millim.
T:/pc No. 7149/H. I. m the collu,tlon of the Aoolo«'lcal Survey of

- *

India’ P
Micronecta sorox, sp. nov. h
- : (Plate VLII, fig. 12; pl. IX, fig. 4)  *

One specimen fmm Fort Stedman. . JUUUIt Yawhghwe State,
24-11-1917.

Head about as long as space between cg'(;.s at base, longer_ in the
niddlp than at the margins near eyes; ochraceous with = very pale
brownish patch on disk of vertex and a line of the same colour within
the margin of each eye : ‘a distinet tubercle at the centre of the hind
margin of thé head : eyes black.

Pronotum short, about a quartersas long as broad ; anterior and
pmtcrun margins slightly convex ; latéral margins almost nothing,
about a quarter the width of the hind margin of the eye ; olivactous
brown With a central black, transverse fascia not wachm" the lateral
mafgins. ”

The markings on the elytra are nearly the same as those of the | pre-

ceding species, «-\cepl that the apex of the corium is brmullv margi ‘md
with fuscous and the discal markings are more united.

Posterior tarsi with a distinet black line above.

Length 2-5 millim.

Type No. TI50/H. L. in the “collection of the A(:ulngu.al Survey of
India.

D



"

‘..

g .
B3 « Kecords of the Iuﬁiau‘ Musewn. {,\:()h., X1V,
Micronecta fuiva, sp. nov. ‘ ey 5
: «(Plate VIIL, fig. 13 ; -pl. IX, fig. 5.)
Three specimens from under floating islands, Inlé Lake, Yawnghwe
sState, 19-1-1917. 3 ;

»The deseription has been taken from two specimens in spirit 4s the -

third specimen, which had been pinued, has shrunk.' .

Head. scutellum, anterior margin of ¢lavus, legs and underside dull
vellowish-white. A small anfulate mark at middle of hind margn of
head, fuscous; eyes black. : :
_* Head longer than space at base between eyes.

Prenotum fulvous, with the anterior margin narrowly fuscous ;
subtriangular, the anterior margin broadiy rounded. posterior margin
almost straight ; about half as long as broad ; lateral angles about a
third of the width of the hind margin of the eye.

Scutellum with a short transverse discal streak and the apex

broadly fuscous. Clavus excluding anterior margin fuscous. Corium

fulvous with some dashes of fuscous on disk.
4 S gy e
Length 2-25 millim. s .
Type No. 7155/H. L. in the collection of the Zoological Survey of
-~

India.

1 -
- -
. - . ¢
v Y 4
.
» -
- -
- Q‘. > .
3
. —_
S -
R
- -
- . L L
- -
-
- . »
. LY
-
- ® >
.
-
-
..
.
~ . ]
-
; -
-
- .
B
5
- .
- °
.
- -
.
» -
-
.
.
. -
. . PY
.
. -



) ‘
. A
a c ; ~ 2 &
o AL, o 7 B e b
W o g A i
FISH AND FISHERIES OF THE INLE LAKE.
o o o o e o .
3 By N. ANNANDALE, D2%c., F.A.S.B., Director, °*
° Y o Zoological Survey of India.
® oS
- TABIE OF CONTENTS. X
Is'mr(‘mrr-rm.\' . . p L

PHYSICAL AND OTHER CONDITIONS IN THE LAKE AD :I‘HEY EFFECT THE FISH...

e - wan

- 0 o «
(TEOGRAPHICAL RELATIONS OF THE FISH OF THE INLE BASIN e . i
£

INTHA SAMES OF ¥isu

SYSTEMATIC DESCRIPFTION OF THE COLLECTION—

Chaudhuriidae, fam nov,
Symbranchidae ...
Clariidae

Cyprinidae

Notopteridae
Mastacembelidae
Ophiocephalidac

FISHERIES OF THE LARE— e

Liceneces

Fishing boats
Figh-traps and baskets
Nets... o
Fishing enclosures
Hooks nnd lines...
Fish-spearing »...

Q

¥
- >
el “ae vee “as

L. ses e

S
.

Chief edible fish of the lake... e
L4

INTRODUCTION.  *©

39
42
43
43
H3

54

62

The fish of the Shan Platean and its immedfate vicinity haveras yet
receivad little attention®from ichthyologists. In 1893 Boulenger (Ann.
Mag. Nat. Hist. (6) xii, pp. 198-203) described a collection of twenty-
seven species made by the late Mr. E. W. Oates in the Southern Shan
States, while Vinciguerra reported upon the late Signor Fea's collec-
tion in 1889 in the Ann, Mus. Stor. Nat. Genova (2) ix (xxix), pp. 129-
260. The latter collection, though none of it came actually from the
platean, included numerons specimens from Karen-ni, which lies imme-
diately to the south, and from the Upper Salween.
A ]urgo part of Mr. Oates’s collection was obtained at Fort Stedman
on the Inlé Lake, but the fish were probably purchased in the mazket,
several of the species are not lacustrine and the most interesting of he
true Inlé forms, most of which are of very small ‘size, werc not
represented.

The fauna of the Inlé La

ke iaof a highly peculiar character and it

is not surprising thatamong the smaller fish we obtained there is a
large proportion of undescribed forms. 1t was, however, perhaps hardly

B
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to be expected that we should discover nq less than three new ogeuera
and even a new family. These belong either to the Cyprinidae or to the
. eels ; it is among the latter that the new family finds a’place. Tts type

s, ix}deed, perhaps the most primitive form of eel yet known. New
discovered also in the generz Nemachilvs and BartKus

¢

.

(Cyprinidae) and Ophiocephalus (Oyzhiocephalidze).

The complete list of the species now known to inkaBit the lake, all
og which are represented in our collection, is as follows. Feor "cor,we-
nience of refereace I have arranged them here according to the
order adopted in Dey’s volumes in the Fauna of British India, *hut
I hove departed Somewhat from this system in the taxonomic part of
the paper. > . ‘

%

) .

«
PuysosToMmI.

Family Chaudhuriidae, nov. 4
Chaudhiiiia caudata, gen. et sp. nov.

Family Symbranchidae. .
Amphipnous cuchia (Ham. Buch.). :
Monopterus olbus (Zuiew).

- Family Clariidaz,

Clarias batrachus (Linn.).

Family Cyprinidae. g
Lepidocephalus berdmorei (Blyth).
Nemachilus brevis, Boulenger.
Nemachilus brunneants, sp. Nov.
‘I)i.:cogna!]ms lamta (Ham, Buch.J. ; 0%

< Cirrhina latia (ifam. Buch.).
Basbus sarana cavdimarginatus, Blyth.
Barbu, schanicus, Boulenger.
Barbus stedmanensis, Boulenger. Sy
Cyprinus carpio intha, subsp. nov.
Sawbwa resplendens, gen. el sp. Nov.
Mirrorashora rubescens, gen. et sp. nov.
* Microrashora erythromicron, Sp. nov. ’

Barilins auropurpureus, sp. nov. e

Family Notopteridae.
Notopterus notopleris (Pallas).

- .

ACANTHOPTERIGIL,

Family Mastacembelidae.
Mastacembelus oatesit, Bonlenger. ¢
o Mastacembelus candiocellatus, Boulenger.

Family Ophiocephalidae.
* Ophiocephalus striatus, Bloch.
Ophiocephalus harcourt-butleri, sp. NOv.

ces the following fish

In addition to these twenty-two species and ra
recordetl from Fort

are known to inhabit the Inlé basin, having heen

w 3
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Stedman by Boulenger (op. %it. : 1893) or being represented in our
collection ;— /3 3

Nemachilus botia (Ham. Buch.).

0® Barbud dukai,«Day. 2 2 3 P
& Barbus tor (Ham. Buch?). % '
o Barbwus nyigrovittatus, Bolenger. %

* Barbus stoliczlanus, Dave

arilius ornates, S#uvage. 2 - .0

o Danio aequipinnatus (McCl1.). %
2 A o L
Opltiocephalus gachua, Ham. Buch. < %

Ophiocephalug siamensis, Giinthez,

3
o Most of these species prébably live in canals and in st.remf;s that
run into or out of the lake. We found Nemachilus botia, Barbus dukai

and Danio aequipiniatits common je small streams in the strroanding ©

hills, and the Mahseer (Barbirs tor) is caught both in the river that
flows out of the southern end of the lake and on the He-Ho plain.

*  There are several noteworthy points about the lake species. Most,
perhaps all of them also oceur in sluggish streams and pools en the
He-Ho plain, and it is clear that the fish-fauna of the lake that once
occupied that plain and the fish-fauna of the Inlé Lake were
practically identical. With this exception, however, no less than 12
species (more than half of the true lacustrine species) and> 2 genera are
apparently endemic. The geographical relations of the fish of the
whole basin will, however. be discussed later in more detail,

Thke absence of certai® families and the scanty representation of
others is notewarthy, but is frobably correlated with the fact that the
lake is situated in an isolated position at a.f¥irly high altitude. The
place of the Cyprinodontidae is taken to alarge extent by unusvally
small and highly specialized members of the Cyprinidae.

PHYSICAL AND OTHER CONDITIONSIN THE LAKE AS THEY
° o . EFFECT THE FISH. @

In the general introduction to this volume J have given an agcount
of the,Inlé Lake. Her T need do no more than repeat, with slight
omissions and alterations, what I said about the biological aspect of
the fisheries in a pamphlét recently published by the Government of
Burma.! 2 5 :

The Inlé Lake is situated in the State of Yawnghwe (Southern Shan
States) at an altitude of 3,000 feet above sea-level and 18 about 14
miles long by 4 miles broad. It is surrounded by marsh-land of a
peculiar’type. comparable on a small scale to the suddof the Nile and
confposed of dead and living vegetation matted together and floating on
the surface of the water. In the dry season the lake is nowhere nfore
than 12 feet deep. So far as fish are concerned, a very important
feature of the water is its clearness, which permits sunlight to penctrate
to the bottom and thus enconrages the growth of densp submerged
thickets of weed. a .

v
Y A note on the Fisheries of (he Inlé Lake, Southern Shan Slates (Government Press,
Rangoon : 1917),

2
v~

o

<
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The bottom is composed of very soft, semi-liquid mud and there -
are no rocks either at the edge or beneath the surface of the water,

The temperature of the water never sinks as low as freezing point
.and that of theshottom differs very little from that of thesurface, which
remains fairly uniform throughout. the twerty-four hours. We found .
at the beginning of March that the’surface temperature jn the mjddle

of the lake was about 70° Fahrerheit.

a¢

. " o
The water is heavily charged with lime. The following’ analysis
'of a sample taken from the surface near the middle of the lake has
been made by Mr. R. V. Briggs, F.C.S., MS.P.A. :— . :
2 ¥ Per litre,
“fotal solids o o o P el 0110
Orgomic matter ...~ IS . 00160 »
Calcjum ) . 0-0092
Mngncsium aa- e SEST o e 00279
Chlorine e e 0:0017 "
Sulphate (S04) ... - g e 00017 ‘
, Silica . 0:0010
Carbapic acid (COg) oo e 0:1030 q
Tron ..., Less than 1 part in 5 million. *
The edible fish of the lake are either rapacious in habits or else live
mainly on weed. There is an almost complete absence of species that a

feed on the surface. This is probably due in large measure to the clear-
* . . X ‘
ness of the water, which is unfavourable to the growth of minute floating
organisms. At first sight the dense weed of #he lake would seem to pro-
- . . .
vide an ideal food-supply for vegetarian fishes, but gs a matter of fact
. v

a greay part of the weedrSelongs th the genus Ceratophyllum, the horny
nature of which is indicu‘te;l in its name. It 18 very doubtful whether
this weed is really edible from the fishes’ point of view. » 3

An important question in all fisheries is that, of gover. | Partiealarly
at the breeding season, it is ifecessary for the fish to hide themselves, and
ag a rule they avoid bright sunlight. There is na lack of cover in the
Inlé Lake and the horny nature of the most abundant weed is doubtless =
benefi¢ial from this poirft of view. The eagerness with which the fish
seek for cover is illustrated by several of the methods used in capturing
them. Another function that the weeds perform is that of providing
an abundant supply of oxygen. ‘ s

As in many \ve”-ljoplllllle(l Jistriets, the chief enemy of the Inlé 2
fich is man, but I do not think, as I will explain later, that his enmity
should at present be restrained. After man the most active agents
of destruction are rapacious fishes such as the snake-heads, which are -
themsebres among the most important species economically.  Gnlls,

cosmorants and other piscivorous birds are fairly abundant, but

’ . g " ; Thie o 14
probably never excessively 80 the various ducks for which the lake is £

famous amongst sportsmen cannot do much harm, as they feed chiefly

on weed and for the most part desert the lake before the main breeding- ~ ﬁ?
season of thé fish, in which they might (lu’,{re_at damage by devouring the -~
spawn. Internal parasites rarely do appreciable harm to freshwater fish

»

, living in natural conditions ; we found no'trace of any parasitic disease
.

among those of the lake. . :
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“According to the Intha fishermen, most if not all of the fish of the
- i a, . . 5 .
lake breed in Kebruary, March and April. This view is confirmed by
an examination of the roes, which were ripe or nearly ripe in all species
examined at the end of February and in March ; probably some species
breed a little earlier thin otherspbut this is a point on which further
investigation is necessary before a definite opinion can be expresseds,

2 i
GEOGRAPHICAL REEATIONS OF THE FISH OF THE
o " INLE BASIN.

Thirty-one species of fish, belonging to 7 families and 17 genera are
known to live in the Inlé basin, Six ‘of these families are widely dis-
tributed in the fresh waters®f the Qriental and Ethiopian Regions, but
one (Chaudhuriidae), which is described for the first time in this paper,
is only known from the Inlé Lake,ii which it is represented by a small
and remarkably primitive species. < .

Of the 17 genera, 13 are distributed all over the Indian and the Indo-
Chinese sections of the Oriental Region, while one (Monopicrus) first
makes its appearance, as we go from west to east, in Burma, but ranges
as a monotypic genus over the whole of the eastern part of the Oriental
and the south-eastern districts of the Palaearctic Regions. It may
therefore be classed as Far Kastern. Another genus (Microrasbora),
though here described as new, is possibly also Far Eastern, for the
small size of its representatives may well have caused them to be over-
looked in many places and species probably oceur in the Malay Penin-
sula,” The remaining twe genera of the 17 are only known at present
from the Inlé bitsin ; one (Chaudhuriz) is the genotype of the new family
to which I have already alluded, while the other (Sawbwa) is repre-
sented by a peculiar little scaleless fish fomewhat remote from any
species known elsewhere. It belongs to the family Cypiinidae.

Of the 30 species of fish, no less than 19 {z.e., 2/dths or 10 per cent. ) are
known only from the Inlé and He-Ho basins, while a sub-species (Cypri-
nus carpio intha) apparently occurs only in the Southern Shan States.
Boulenger! has noticed (by implication) the Sismese element in the ﬁsl}-
fauns, but this element is mueh less strongly marked than the endemic
one, being represented by but two species. They are Ophr.'occpha.lus
stamensis and Barilius ornatus®  Neither of these is a true lacustrine
fish ; both were discovered in the Menam and Barilius ornatus has also
been found in the Upper Salween. Small as the Siamese element is,
however, it is but little larger than what we may call the endemic
Biirmese element, which is also represented by two species (Barbus
stoliczkanus and Lepidocephalus berdinorer), but in addition by a sub-
spe’lcies of the Indian Barbus sarana. The one Far Eastern species

is Monopterus albits.

A more important element than any of these except the endemic
Shan element 1s that of species which oceur in the Indian section of
the Oriental Region, that is to say west of the Bay of Bengal. This

Q

 Ann. Mag. Nat. Hist. (6) xii, p. 100 (1503),
* Sauvage, Bull Sce. Philom, (Paris) vii, p. 153 (1883).
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‘element is represented by 10 species, most of which are Oriental* in
an exact sense in that they are distributed over a large part of the
‘Oriental Region. :
« Thus we seeithat the two most impogtant elements inghe fish-fagina
« of the Inlé basin are the endemic Shaq element and the Oriental element,
while small but distinet groups of Siamese and Burmeseyspecies oceur,
+ In other words, the fauna i an isolated one. A considerable number of
~ adaptable Oriental species, whose wide rgnge proves their powers of
smigration, established themsélves as members of 1t at a remote
period, but the nuntber of species that have entered the distriet frent
neighbouring countries in comgparatively recent times is small. How far
. this isclation ¢ confined to the two connegted baSins and how far it is
of a more comprehensive kind, embracing the whole of the Sharn
Plateau or, even the Salween system generally, we do not yet know
" precisely, but Boulenger has recorded [rom the Southern Shan States
six species that apparently do not occur in the Inlé basin, and he did
not describe any of these as new. the majority being well-known Indo-
Burmese fish and one or two characteristically Burmese. Vinciguerra,
moreover, has recorded from #the Salween and its tributaries a large
_number of species, only a small proportion of which were new and none of
which were closely allied to the peculiar Inlé forms. So far, therefore,
as our knowledge extends it would seem that a large proportion of the
endemic Shan forms are to be found most commenly if not exclusively
in the Inlé and He-Hs basing, whichawere the longes-t survivors, though
one is now empty, of the old-lakes of the country.

o

o
» « * INTHA NAMES OF T}‘IEOINLE FISH.»

“

The fishermen of thé In]é Lake belong to a tribe alien to the Shans
and speaking a.dialect of Burmese thought to be akineto that spoken
in Tavoy. They call themseJves Jntha or Sons of the Lake. dn a
pamphlet! on, the Inlé fisheri®s published recently by the Govern}mcnt.
of Burma I have giverta list of the local names of fish, but at the time of
its publication was unable to identify many of the species specifically
owing to the fact that the collection had not been completely worked
out. The indigenous names were repeatedly checked both amoi®: the
fishermen and in the bazaar at Fort Stedman. Mr. C. E. Browne,
1.9.0.. Political Adviser at Yawnghwe, has been kind enough to
revise their orthography. Nga iz the ordinary Burmese for “fish.”
but it is never omitted in refesting to any particular species.

© Nguo hkon-ma <. Barbus sarana. -
Nga hka ... v, Clarias batrachus, o
Nga hpo .. .o Notopterus notopterits, -
‘. Naa hpein.. ... Cyprinus carpio. .,
o Ngevla L oo Ciryhine tatve.
, Nga myesok;ma voo Nomachilies brevis.

M vulufrmh;lun onlesti.
( Magtacembelus can dincelatus,
-

. 1 = 5 - —

% e
.Y oh note on the Fisheries of the [nlé Lake, Southern Shan Sfates (Guvornmont Pross,
Rangoon ; 1917), .

Nua my o ..
.

>
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° Nga ohn-mn sl ... Ophiocephalucs harcourt-bulleri.
Nga pya-tha-ma o Nethackilus brunneanus,

Nga pya-fna-ywet Barilius avropurpirens.

Nga ship { Monopterus albus.

ot S 5 e L Amphipnous cuchia.
& Nga taung-nwe T o 8. Barbus stedmanensis, . €
2 Nga taupg-taing-tet ... « v Discognathus lamta. -
¢ Nga thalidé ... Lepidocephalus berdmored.
b u o ( AMicrorasbora rubescens.
Nga thange-Kyobya 4 Microrasbora erythrovvicron.

a e _ Sewbwa resplendens.
Nza yan ... ... Ophiocephalus driatws., T
Nga yit ... B‘ar!n:'q schanrcus. <

» Most of these names are firobably dialectic or local, but Day in the'
Fauna of India gives **Nga yan ™ as one of the Burmése names of
Ophiocephalus striatus, ** Nga khoe ™ as that of Clarias betrachus,
‘“ Nga tha-laydoh™ as that of Lepidocephalus berdmorgi, and ** Nga khon-
mah-gvee ** as that of Barbus sarana. Nga mywe (“ Nga mwey "’ in
* Day) is probably a gegeric name applied to‘any kind of Mastacembelus ;
it means, literally, ** snake fish.”” Nga shin (' Nga-sheen * in Day,
who applies it to dmphipnous cuchia) is probably in the same way a
generic name for any kind of eel, while Nga thange kyebye (** small
white fish ”') is applied to any small silvery fish used in making dried
4 whitebait. Mr. Browme tells me that Nga taing-tet as applied te
Discognathus lamta is a coined name, meaning “ the post-climbing fish
and referring to the peculiar habits of the species (see p. 45); but
the mame is well understeod among the Intha. At He-Ho, where there
are no posts for it to climb, ft is known as * stone-climbing fish,” Nga
kyaui-tet. O 5Tie g atie ‘e
The only name for the true Carp on the Inlé Lake and at He-Ho is
Nga hpein or Nga pein, but Mr. . C. B. Sterling informs me that at
Kentung it is called Pa nai, ** which is thg usual Shan equivalent for Nga
Pein,” ; "o
SYSTEMATIC DESCRIPTION OF THE*COLLECTION
* ¥ FROM THE INLE LAKE.

: *  Order APODES.' :
Family* CHAUDHURIIDAE, nov,

The family may be defined as consisting of—

Small Apodes with a fan-shaped, practically free caudal fin provided
with well-developed rays and supported by a pair of hypural -
bones ; with pectoral fing : with minute scales ; with the vent
situated g long distance from the head ; with teeth arranged
in bands on the jaws only ; with lateral nostrils ; with the gill-

. openings separate and the integument covering them S.li)p()r.

ted by few branchiostegal rays: with all the pharyngeal slits
wide : with four fully developed gill-bearing branchial wrches ;
with the heart clofe to the branchial arches: with an air
bladder with the frontals paired, the ethmoid anmd vomer
distinet and the tormer separating the maxillaries in front -
with well-developed zygapophyses on the vertebrae,
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The Chaudhuriidae differ from all other living eels as yet knowit in
the strong development of the true tail., In this respect they resemble
the Cretaceous genus Urenchelys, Woodward, which has been made the
type of a distinet family by Regan,® but the structure of the skull is gery
. different. So far as skull-structure is concerned they seem to be re- «
lated rather to Heterenchelys, Reghn, (op. cit., p. 383), ,which he also
» regards as the type of a family, butsthe structure of the vertebral cplumn

is different. 5 %
* Only a single genus and species is at present known. '
- : v
p ,_. *  Chaudhuria, gen. nov.

»

The body 1s covered with very sniall scales embedded in the skin ; it
is somewhab compressed, especially in the caudal region, which is approxi-

*  mately equal to the head and body in length. The caudal fin is united
to the dorsal and anal by a low membrane ; its rays are completely
segregated. The dorsal and-anal are well-developed but confined to the
caudal.region. The pectorals gre small and lie immediately behind the
gill-openings. The srout is not produced ; the anterior tubular nostrils
are situated neax its tip ; the posterior nostrils are rather large and lie
immediately in front of the eyes. The mouth is small and horizontal.
The lips are tumid, but the lower lip only so at the sides. The eyes are
well-developed. The gill-openings are wide and in the main of lateral
position. The teeth *are small, sharply pointed and slightly recurved ;
they are absent from the vomer and ethmead ; on the jaws they are ‘
arranged in @ narrow band. The frontafs f6rm a somiewhat asymme- \ }
trical suture on the rosd of She' skull. The vomer forms a sharp |
ridge on the roof of theé mputh. The jaws closely resemble those of
Heterenchelys, Regan. The suspensorium is vertical. The pharyngeal °
bones seem to be poorly develgped ; T have not been able to make out : ‘
their structuge: The otolitht are enclosed at the base of the skull on
each side in a thin-walmd capsule composed of two bones : there are two
otoliths in each capsule, both flattened and cake-like but one much . .
larger than the other. *There are comparatively few vertebrae. The !
neural arch’is produced into an upright Hattened plate or spide in :
front of the true neural spine.® The ribs.are well-developed, and
there are strong interspious bones. The size of the only known species
is very small. o >

Development is probably’ direct, for the ova are large and well
supplied with yolk. )
Typc-spvcie.s.—-(!Immllzurin caudala, sp. nov. :

»
»

.

I have much pleasure is associating with this remarkable new genus
the tame of my friend and colleague Dr. B. L. Chaudhuri, to whom b
have been indebted for considerable assistance in the preparation
of this paper,

e R e P, ¥y T ] et by ‘*

2 Y Catt Foss. Fishes B. M. iv, p. 337, pl. xvhiPfigs, 13 (1901).
2 dnn. Mag. Nat, Hist. (8) x, pp. 370, 380 (1012), » &
. Mr, R, H. Whitchonse has kindly given me o detailed gecount of the structure of
the tail, which will be published immediately after this paper. .
]

’ .
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i Chaudburia caudata, sp. nov.
' n
*  (Plate I, fig.1; pl. IV, fig. 1—10% . )
o BV, Dg30-40. PG Al 42-43. C. 7 ¢ '

The length of the head to thé cgill-opening 1s contained about 73
times in the fotal length without the caudal fin, the greatest depth of
the bbdy 14-16 times, the audalAin about 22 times. The caudal region’
is strongly compressed and“tapers congiderably ; the vent is situated
half way between the tip of the tail ard that of the snout. The lateral
line is complete and extends along the middle of tha caudal pedglu:l&

The snout is considerably longer than the eye, whigth 18 of mod(:mte slze
,and fairly prominent ; the lpwer jaw projects slightly beyond the upper.

The mouth barely reaches as far bavk as the level of the anterior border

of the eye. The pectorals are situated about half way up the body ;

R e

' .

. . 5 \ ' - )
F1a. 1.—Tail of Chaudhuria eaudata, From & sppeimen mounted whole i CRtncA
balsan. " y
Tho hypural hones are represented diagrammatically and the dorsal and ventral
elements of the vertebrae gre omitted. !

their basies are coyeealed under the opercula. The bralfchiostegal 1;uys
are long and curved. The internal branchial isthmus is broad. .”K‘
dorsal and anal are of almost equal length,and depth. In the middle
of he caudal region they have each less than hall the depth of the
body, but towards the caudal peduncle they become deeper than the
body. The,caudal fin is markedly asymmetrical when fully expanded,
slightly rounded or subtruncate, and more strongly developed on the
ventral than on the dorsal side. E=8

The bones of the skull are extremely delicate and the jaws are
foeble. The teeth are arranged biserially in the posterior part of
both jaws and triserially near the tip ; in the latter region they are
slightly enlarged.

There are abont 70 vertebrae, .

The back and upper part of the sides of the head, body and ceudal
region are dark purplish brown, somewhat mottled # the whole ventral
surface and the lower part af the gides are yellowish white, The fins are
white with very fine and often interrupted dark lines runiwng along
each side of each ray ; minute dark spots are often present at the base
of the rays. :



’
1 0
"
¢ ‘
. ' i
'}
\ P ‘ %
42 ° < " Records of the Indsan '.'l[‘::.\-p;,/,}_ “ [Vos. Xt",”
4 v g : - o

) ‘e . .
. The largest specimen examined is 52 m. long, but individuals of
little more than half that lengtlt were found to be sexusdlly mature.

Type-specimen.~No. ¥ 9402/1 Zoological Susvey of India (Ind. Mus.).
. Locality.—In]é Lake, Southern Shan States (alt. 2000 ft.); Februgry,
1917. o B
The Structure of the vertebrae ifspeculiar. The centra are elongate,
.ampliicoelous, broader in front than behind and muc¢h constrieted in
the middle. Their ephiphyses somefimes remain distinct and the
‘eleménts that form the neural *gnd haemal arches, though welded
together, are never incorporated with them but remain as a kind "of
cloak only attached to them at the sides. They have a thin and mem-
branous character. The neuial arch (except at the extremity of the
tail) bears two spines or a spine_and a*flattened triangular plates
which projects vertically upwards. On the first two vertebrae these
structures dre incompletely fused tagether, but on the vertebrae of
the trank and on the caudal vertebrae they are quite distinet.
On the trunk and on the anterior part of the caudal region the
anterior process has a lameilar form, but on the greater part of the
caudal region it is a spine clesely resembling the posterior one but
divected less backwards. The zygopophyses, both neural and haemal,
are well-developed both on the precaudal and the anterior caudal
vertebrae.

Two of the"four specimens obtained were taken in fishing-baskets
filled with peat and weeds and .w'unk’in the open lake, the other two
amidst dense vegetation at the edge of floating islands.  The stomach
of a specimen was full of young crusiaceans Bpparently still in their
egg-shells. : . : B !

In one female, capturel’ at the end Hf February, the ovaries were
ripe. They contained ova in all stages of development. The largest
eggs. which were about to be laid, were broadly ovoid of subspherical.
They were about 0:68 mm. longby 0:59 mm. broad. At one end there
was a depl'('ssinn‘ probably surrounding a minute micropyle. The ovum
was contained in a d&licate horny shell marked®with asymmetrical
sinuous concentric striae and raised at either side of the terminal de-

pression nto_a low ridge.”

Order SYMBRANCHOIDEA,

Family SYMBRANCHIDAE, |

1 Monopterus albus (Zuiew), s

Fann, Brit. Tnd., Fiskes 1, p. 70, fig. 28,

1889, ‘"0”",‘”"“ j’”"‘ ot Nat, Genova (2) 1.\'

1880, Manopterus javanensis, Vincigueres, Ann. Musi Stor.

(xxix), p. 357. AP
1916, Monopterus albws, Wehor, Fishes Indo-Austy, Arch. TIL, p. 413, figs. 210, 211,

This fish is not uncommon at the edge of the Inlé Lake but is
perhaps more abundant in pools and rice-fields. It is eaten by the
Intha but not: by the Shans, who think that its flesh causes leprosy.

L1t is usually captured with a two-pronged spear.

The species is found all aver Southern Asig cast of the Bay of Benga.

158 range extends to Northern China and Japan, :

.
.
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A Amphipnous cuchia (Ham. ‘Buch.)
1889, Lmphighows cuchin, Day, op. cil, p. 9, fig. 27.
1899, Amphipaous cuchia, Vinciruerra, op. cit.,, p. 356, « .
Not uncommon with the last. The Shans and Intha do not distin-
glush the two species, which they catch in the same way. .
A. cuckia is widely distributed«n India and Burma.
3 :

s .

‘.
.

L

‘ Oréer OSTARIOPHYSL.
Family CLARIIDAE. « :

"'
- Clarias batrachus’‘(Linn.)..
1889, Clarins magur, Day, n)(‘: cit,, p. L15, figs, 48, 49,
1889. (larias magur. Vincignerra, op. cif., p. 191
1913, Clarias batrachus, Weber, Fishes Tnd.-Awste. Arch. 11, p. 190, fig. 74 (p. 187).
This species is common in the marginal zone of fhe Inlé Lake and
in slow-running streams and muddy pools of the district. It lives
buried in mud. L
Specimens from the Shan Plateau gre of comparatively small size,
apparently never much more than a foot long, «aand of a dense black
colour. Their flesh iz considered excellent both bi the indigenous
peoples and by Europeans, many of whom regard them as the best
edible fish of the country. They are caught chiefly m basket-traps
near the mouth of streams. The roe was ripe in some females examined |
at the beginning of March, but not in all. ;
Clarias batrachus hasf very wide range in India, Burma, Ceylpn and
Malaysia, extending as far %east as the Phi}ippines. ; -
L3 ; o e &.

Family CYPRINTDAE,
L . Lepidocephalus berdmorei (Blyth). '
t

1880, Lepidoce phalichthys berdmored, Day, op. cil., p. 221 .
1884, LepidocephaMchthyy berdmaorei, Vinciguerra, op. &il., p. 341,

A very common species in small streams that run into the Inlé Lake
or tgaverse the He-Ho plain. It also oceuts in ponds and matshes and
oceasionally in the marginal zone of the lake. It seems to be equally
at home in clear brooks and in muddy still or running water. It is an
important flement in the dried whitebait manufactured on a large
scale by the Intha, and is, therefore, of some economic importance,

The species appears to be common ‘both in Upper Burma and in
Penasserim. It is very closely related to L. guntea, the common Indian’
form. of which Vinciguerra records specimens from various places in

tiie same countries.
Nemachilus brevis, Boulenger. :

(Plate TT. figs. 1, 1a.) '
4 brovis, Boulénger, Anu, Mag. Nat. Hist, (6) X1%, p. 208.

r
l.\'.‘.!:!. Neamachiln

£ ; B ;

This is one of the (-onnn,.omast of the smaller bottom fishes iri the Inlé.
Lake, in both the central region gm«l the marginal zone of which it is
e

.
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found. It dess not grow' more than 60 mm,in length. The male diffors

from the female in colouration and also in the shape of the body (see

nl. 1L, figs. 1, 1a) ; us a rule, instead of being merely spotted or mottled, .

it has on the sides a number of short black vertical bars, which sometimes

fuse together to'form an irregular longitudinal bar. The'bars are vifi-

‘able both in number and in size. /The male has. further, a small * '
cartizaginous pad immediately in front of the lowest quarter of the éye.
This fish also forms an ingredient &f dried whitebait. It has only :

been found in theInlé basin and on the He-Ho plain but lives both in
still and in running water, in ponds and slow streams as well as in the - ‘
lake, in which it seems to be most abundant in the central region.
We did not see it in fast-running water. 5

\

: : Nemachilus brunneanus, sp. nov.

(Plate 11, fig. 2.)
B. 111, D 12:13(3-4/9-10). P.10. V.8, A.8:9(2-3/5-6).

A small, slender species relafed to N. rupicola and N, multijasciatus! % ﬂ
but differing from both in proportions, in the number of the fin rays .
and 1n its very large eyes,

Depth of budy a little greater than the length of the head, a little less
than } the total length. Eye very large and prominient, a little narrower
than the interorbital space, nearly as lung as the snout, occupying nearly
1 the length of the head. Head naked, with 6 barbels, 2 rostral and
one maxillary on each side ; the outer rostcl barbel not quite reaching
the anverior margin of the« ve, abou. twice as long as the inner ; the
maxilluri' barbel the Iungcétv, but not much longer than the outer
rostral, extending backwards almost to the posterior margin of the eye.

Body entirely covered with s‘mull scales.  Dorsal fin rather high ; :
pectoral fins long, slender and ‘faleate, longer than the head ; tail fin !
deeply notched. ' : ;

Colouration somewhat variable but not differing with sex ; the ground
colour of the head and bady pale olivaceous ; the head mottled and
spotted with dark green or black ; a variable number of dark horizental
bars on the sides of the body, sometimes narrow, sometimes fairly broad,
sometimes alternately complete and reaching half way down the side
from the back. Caudal and anal fins reddish in life ; all the fins white !
in preserved specimens ; two or tliree dotted longitudinal lines on the ,
dorsal and the same number of V-shaped dotted lines on the candal ; a '
small black spot or bloteh at the base of the dorsal in front and two
rather smaller black spots on each side of the caudal peduncle.

The largest specimen in a large series is only 45 cm. long.

Type specimen—No. ¥ 9406/1, Zoological Survey of India (Ind.

Mus:). %

Distribution—This little loach is abundant in the waters of the l‘

Yawnghwe valley and seems to be equally &t home in clear hill-streams, :

'y

a ! See Vinciguorra, dnn. Mus, Civ. Stor. Nat. Genova 2, 1X0 (XXIX), pp. 3386, 337
890). ;
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in‘muddy rivers and among the weed-thickets of the Inlé Lake, in which
@t occurs both in the central region and in the marginal zone. Tt is an
important ingredient in the dried whitebait gold in the local markets.

, «The species is named after Mr. €. . Browne. 1.8.0., Political Adviser,
Yawnghwe, to whom we are ingebted for much assistance on our
tour. o

; . -
‘
Discognathus iamta (Ham. Buch.).
+ 1889, Discognathus lamta, Vinciguerra, op' :-i[,, pp- 270, 279 (ﬁg.). y
1913, Discognathws lamta, Annandale, Journ. As. Soe. Bergal (n. %) IX, p. 36, tig. 1.
the true D. lamta, as do also
er, from the latte: locality

bed species. As great

Specimens from the Inlé Lake belgng’to
.gsome from He-Ho. One ixndividual, howev
represents a distinet and apparéntly undeseri
confusion exists in reference to the species and races of the genus, and
as most of the specimens belonging to the collection of the Indian Museum
are interned at present in Hungary, I refrain from describing the new
form. EEE 3

I have already alluded to the post-glimbing propensities of D). lamta.
To understand them it is necessary to realize that houses are often
built by the Intha on posts standing in water as muck as fen or twelva
feet deep. We lived for some time in a house of the kind more than a
mile from shore in the Inlé Lake, and it was possible to watch the ascent
of the house-posts by the fish, which was usually seen in the first
instance swimming out from a thicket of weeds. It then settled, with
its head pointing upwarfis, low down on one 5f the house-posfs and
began to move wp it slm\'l_\','urmvsing as it did so on the small algae and
polyzoa (Hislopia lacustris) with Whigh #lfer posts were covered. The
sucker-like structure of the lips enabled if to retain a fairly tight hold
on the post while it remained still ; its ascent was effected by gentle
andl almost imperceptible movements pf the tail.  When it approached
the surface of the water it usually movell away either fo,another post or
into the thicket, btit sometimes it turned ronrfl and went downwards
on the original post, and in the course of its ascent it frequently
cirenmvented the post in a spiral course. ” The Intha are weli' aware of
this habit and have coined a name for the fish accordingly, but the
Danu who live on the He-Ho plain, and do not build their houses mn
water, have apparently noticed the same habit in respect to rocks.
They do not distinguish between D, lamia and the other species that
oceurs with it. 5

= . lamta is extremely difficult to catch. Tt is very rapid in its move-
ments when disturbed and wary even when engaged in climbing, Tt
fherefore, has no economic importance in the presence of other species

of equal and larger size that are less active and cunning.
.

T species was described originally from northern Bengal and it
certainly ocenrs, alone or with closely allied speeies, over the greater
part’ of north-eastern an¢ Peninsular India. Vincignerra records it
from several localities in Upper Burma. It is, however, imnossible at
present to state the previse geographical range of any form of the
genus, .

[
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s Cirrhina latia (Ham. Buch.). ° :
- o
1889. Clirrhina latig, Day, op. cit,, p. 270. « v 2

: This fish has probably a number of local races, but the matter can-
not be settled without examining good sévies frorft many different parts
e > B9 : 3 %
of India*and Burma. In the Inlé Lake it does not grow much longer
than § or 7 inches and is of a very slender form. It is abandant ampngst
dense thickets of vegetation, but appea’s to Jive entirely on the bottom.,

 Vast numbers are sometimes taken in the great fishing enclosurg s
erected in the lake by the Intha fishermen, As the supply of fresh fish
then :xceeds the demand, a cqnsiderable proportion of a large cateh is
often dried in the sun, as a ruie without being cledned or salted, The s
dried fish are sold in the bazaar sorted out into at least two sizes, ‘

Barbus sarana caudimarginatus, Blyth,

(Plate IT1. fig.-3.)

1860. Barbus candimarginatus, Blyth, Jowrn. As, -ﬁ'r;'. Bengal XXIX, p. 157,
IS8, Barbus sgrana, Vincignerra, op. cif,, p. 287, s
1893, Barbus Oatesii, Boulenger, op. cit,, p. 201, q‘\ .
I have examined a co-type of Boulenger’s Barbus oatesii from Fort
Stedman and also a large series of specimens from the Inlé Lake and the :
He-Ho‘basin. They do not differ in any respect from specimens from
Tenasserim and Upper"Burma in the Indian Museum identified by Day
and others as Barbus sarana. Moreover, the eolouration of the living
fish agtees very closely with that given by Blytli‘as typical of his Burbus
candimérginatis. In my 2gwn ficld-rotes I find the following
description :— it :
*“ Bluish green on back ; sides greenish silvery ; belly* white. Pec-
toral fins olivaceous, other fins and lips reddish. Apterior border‘of 3
dorsal and upper and lower borders of candal dark bluish green. A ¢
vertical dark bar extending down posterior margin of preopercular and
another. somewhat curved, immediately behind the opercular border.””

I do not quite understana Boulenger’s statement that eaclf scalg is
edged with black ; but this was probably an artificial condition. It
has disappeared in the co-type I have examined. Y.
I take it. for the reasons given, that this form is no niore than a
Burmese race of the common Indisn B. sarana ('Ham. Buch.), differing ,
only in.colouration and in pnsso‘ssing a more variable number of lateral
scales. Vinciguerra discusses its relationship to B. rubripinnis, ‘_Cuvi‘ : .
and Val., B. pinnauratus (Day) and B. cheysopoma. Cuv. and Val. and
seems to be of the opinion that the first at any rate may be identical
with Blvth's race, but I have not the material to discuss the question
further myself, 4
The Purmese race of B, sarana is common in the Inlé Lake, in which )/
it is not, according to the Intha fishermen, “ver longer than a hand. It fos:
is found cliefly near villages and among floating islands and is caught in
basket-traps and drilt-nets, Its small size rerfders it+dess valuable than
its larger congeners, but its flesh is said to have a good flavour.

—)
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' Barbus schanicus, Bounlelger.
; {
' (Plate 111, fig. 4.) 5 :

1893. Iiurlm;v schanicus, Boulenger, op. cit.. p. 201

This is perhaps the latgest ancs heaviest Cyprinid fish caught in the ,
lake. Tt is stated to attain a welght of 7 Ibs. Large individuals
are commonly 18 inches long and very deep in proportion. The back
in living specimens is of atdeep blackish green and the fins and tail
arq tinted with a paler shade of the sagie colour. Tid

At any rate in February and March, the Nga yit is not so abundant
in the markets round the lake as its two congeners. It 18, however,
said by the Intha fishermen to be caught chiefly in canals and at the
"mouths of the rivers that ofien into the lake near its southern extremity,
and to be much more abundant in these localities at some seasons than

l

others. It is, therefore, in ail ‘probability a fluviatile fish that ¢ .

migrates into the lake occasionally in search of food or in order to breed.

The species is only known from the Inlé Lake.
The fish is caught with cast-nets in canals and streams and speared

in the lake, "
9 -
Barbus stedmanensis, Boulenger. ¢
(Plate 111, fig. 2.) g
1893. Barbus nnnprm:vlm. Boulenger, op. cil., p. 202 (nom, preoe. L)
1917. Burbus stedmanensis, id., in T8 s

The name Barbus stadmanensis is suggested by Dr. Boulenger in
Jlace of Barbisecompressust the name he originally gave the species.
The fish has no resemblance ta tWe Barbufeompressus of Dy, which
yrobably came from Kashmir. The type of,the' latter is in the collection
of the Indian Museum and T have been able to compare it with a co-type
of Barbus stedmangnsis sent from the British Museum sonie years ago.

This fish has a very herring-like appéarance owing to the shape of

+ its body and head and the direction of the mough. It is said to attain
a weight of 3} Ibs. The back in life is almost black and the dorsal and
caudal fins are margined with the same colou, while the tip of «the anal
and the upper border of the pectoral are also infuscated.

B. stedmanensis, as its shape suggests, is an active and probably to
some extend a predacious species, though I found the stomach full of
weeds in some specimens. Tt is usually caught in a dip-net, speared or

captured in special fraps. .
. Cyprinus carpio intha, subsp. nov.
i (Plate 11, fig. 1.)
3 ‘

1893. Cyprinus carpio, Boulenger, op. ¢ty p. 200,

1004, Cyprimrs carpio, Regan, ibid, XIIL, p. 190 (in part). =
Tate Regan has pointed oyt that the Carp of the Southern Shan States
shed, by the largeness of its scales, This race

is a distinet race, distingm

.
! Barbus compressus, Dayg Proc. Zool, Soo. 1864, p. 555.

el

.
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is not peculia- to the lake but is widely distributed in the Southern Shan
States. It is common in the stieams of theé He-Ho basia (3,800 ft.) and
1 have recently received a specimen from Mr. (. C. E. Srerling, who
obtained it from the market at Kentung more than 300 miles east of
the lake. Mr. A. (i. Gahen has also sent me.spceimens from Loileritin
the Mong Sit State. ¥

I have examined a large series of specimens, in which vhe numbey of

the lateral scales varies from 25 to 39 §7.  In the Inlé bazaavs [ saw
few individuals more than aboat a foot in length, and the fishermen
told me that the largpst they ever caught—and those rarely—weighed
about 7 lbs. In life the back and sides of the head are of a greenish
bronze colour becoming gradidally paler below. The dorsal and caudal
fins are greenish, the other fins and the lips veddish.

The Carp is perhaps the most abundant and certainly one of the most

csteemed figh in the bazaars at Fort Stedman, Nan-Pan, and Yawnghwe.
No attempt seems to have been made to cultivate it artificially and, if
the Intha fishermen can be believed, the local race has not the remarkable
vitality of the Chinese and® European forms. The fish is caught by
spearing, in drift nets and in pgeuliar weed-trawls consisting of a bag-
shaped net attached to a large triangular frame of bamboo,

Sawbwa, gen. nov.

The genus’ consists of small Cyprininac resembling the Punting
section of Barbus bui totally devoil of scales and with a reduced
pharyngeal dentition. “ :

The form is compressed but not elevated ; «he abdomen is not tren-
chant, the dorsal profile is convex.» The kead is of moderate size, the
eye large, the mouth smail, terminal and oblique, the upper jaw
protrusible ; there are no barbels. The dorsal and anal fins are short,
having not mere than 7 branched rays each ; the dorsal has a toothed
bony spine : the anterior part.of the dorsal is in front'of the anal. The
pharyngeal teéth arve fesv in number (1 in the type-species) and arranged
uniserially.

Type-species.—Sawbwe resplendens, sp. nov.

S "

Sawbwa resplendens, sp. nov.

(Plate IT. fig. 3; pl. IV, fig. 15.)
B LIL D 9-10 (2:3/7). PL7ES NG T A HEE). 618

The greatest depth of the body is } of the total length, that of the
caudal peduncle about % ; the length of the head 1, that of the
audal fin slightly less. The eye is at least as long as the snowt,
its diameter is equal to that of the interorbital space. The lateral
line is obscure. The anterior border of the dorsal fin is considerably
nearér the base of the caudal fin than the tip of the snout; it is
slightly in front of the point midway between the base of the ventral
and the anterior horder of the anal. The pectoral is rather small and

"does not extend back to the base of the, ventral ; the tip of the
ventral extends hack as far as the vent. The pnstv‘ol'inr border of the

-~
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* anal'is nearer the vent than’the base ¢f the caudal. The caudal is
strongly forked. its two points being subangular. The second (or third) .
spine of the dorsal is stout and bears in its middle region from six to
twelye strong o“,pill(f](_‘is.S()l.l](! of swhich are usually double ; its upper”

¢ part, which is smooth, is curved hitekwards ; the whole spine is shorter
than_the head, The last kranched dorsal ring is divided almost te its
base. 7 v

The pharyngeal teeth (4 in‘number) arg elongate and narrow, strengly
concgve on the upper surface ; their tips are subtruncate but concave and

with a minute terminal projection at either ends :

Fro. L.—Sawbwa resplendens, sp, nov. a. Head, 5. Dorsal fin.

Preserved specimens are whitish, Inore or less definitely suffused with
green pigment on the back and blackish on the dorsal surface of the
head. | The sides of male examples are sometimes covered with black
chromatophores., The fins'ar® as a rule colourless, except for rows of
minute dots running parallel to the rays ; inadalt males the tips of the
dorsal and anal are sometimes blackened. The belly and the sides of
the head are silvery. In life the female has much the same_colouration
as thas of preserved gpecimens, but the silyery appearance of the body
is more intense and more universal. The breeding male issmuch more
brilliant. the sides and lower surface of the head, the chest, caudal and

+ anal fins being bright scarlet and the sides of the body bright metallic
steely blue. hY 7

Theslength of the adult fish does not exceed 25 mm.

Ova were observed issuing from the vent of a female. They are
spherical and epclosed in a delicate, smooth membrane ; each is pro-
vided with an extremely fine filament of considerable length. The
diameter of the egg does not exceed (0-75 wmm.

Type-specimen.—No., F 94131, Zoological Survey of India (Ind.
Mu.s-.‘). ”

This little fish is extremely common all over the Inlé Take and in
the swamps that surround it. It lives in large shoals among depse
vesretation both in the clear waters of the central region of the lake and
in the peaty and often foul water near t.h(.-. edge. Fally coloured
males weré observed only in the latter situation. Ripe females were
taken in Rebruary and March, * X

In spite of its small size, th(: spdeies is. of ocu.nnmic importance to the
Intha as it forms an ingredient in the (.lrlecl whitebait that is one of the
chief products of ghe lake,

¥
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_Microrasbora, gen! nov. o

To this genus'T assign two small fish found in thé Inlé and He-Ho
. basins, and possibly also at least two others described from the Malay
Peninsula. i "B R o
The genus Microrasbora is closzly allied to Rasbora, Bleeker and®
Brachydanio, Weber, but is distinguished from the formér by the total
absence of the lateral line and by the longer anal fin and from the
latter by the fact that there iv no prominence on the jaw. The mouth
is.small and almost semicircufar and opens obliquely upwards. © The
species assigned to the genus are very small, strongly compressed,
rather deeper in the body than most species of Rasbora and as a rule
of brilliant or at any rate conspicuous coloaration. - The general faciesis
like that of Danio, but there are no barbels. ¥
The species I assign to Microrsbora are Microrasbora rubescens, sp.
nov. (type-species), Microrasbora erythromicron, sp. nov., and possibly
Rasbora heteromorpha and R. maculata, Duncker.! The two former are
from the Inlé Lake and che latter from the Malay Peninsula. I have:
not seen the Malay species, which may be generically distinct.

Microrasbora rubescens, sp. nov.

(Plate II, fig. 3 ; pl. 1V, fig. 13.)
B 111 D.89(26:7). P. 1L V.7, A 13:15 (3/10-12). C. 26 L1.20-32.Lt. 7.

‘The greatest depth of the body is from § to 1 the total length, being
congiderably greater in adult than in sub-adult individuals : the length
of the Nead is also } the tutal length and the depth of the caudal peduncle
a little more than } in sdults,” The eve is longer than the snout and its
diameter is greater than that of the interorbital space. The scales are
Jarge, thin,"transparent and difficult to see; they are easily removed
from the living fish ; each.dcale bears several radiating striae and the
concentric growth ¥nes are well marked. The caudal and anal fins
have a distinct sheath of scales at their base. The anterior border of the
dorsel fin is slightly in advance of that of the anal and immediately
above the vent ; it is much nearer the base of the candal fin than the
tip of the snout. The pectoral extends back further than the base of the
ventral, which does not quite reach the vent and does not overlap the
anal when presse(l back. The anal is rather long, but its post-eriur
border is nearer the vent than the base of the candal, The caudal is
strongly forked. All the fin rays are segmented and none are bony.

The pharyngeal bones have a well marked external promirence.
The teeth number about 15 and are arranged triserially. Their form
and arrangement is shown in pl. IV, fig. 13. ¢

“The colouration of preserved specimens is much like that of similar
specimens of Sawbwa resplendens. 1In life the sides and ventral surface
of the head, the caudal, anal and sometimes the dorsal fin are orange-
scarlet in adults of both sexes. The wwhole body of the breeding male
15 suffused with the same colour. A dark mid-lateral streak extending
forwards from the base of the tail to the level of the anterior horder

YLt Naoturk, Mus. Hamburg XX, p. 182, pl. i, figs 4, 5 (1203),

\
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of the dorsal fin or further iscoften conspicuous. Sometimes it expands '
into a well-defined spot at the base of the caudal.
Our largest specimens are 30 mm. long.

JLype-specimen—No. ¥ 9386/1 Zoological Survey of India (Ind. Mus.y
This little fish is very abundant.all over the Inlé Lake (3,000 ft.), in «
ponds and marshes in the same valiey and also in streams and pools in
the ol He-Ho Iuke-basin 800 feet .higher. In habits it resembles *
Sawbwa resplendens, with which it is frequently taken. Tt is an_even

more important ingredient in the dried'whitebait of the local bazzars,
rh

. .

Microrasbora erythromicron, sp. nov. 2
. .

: (Plate IE, fig. 5;, pl. IV, fig..14.)
B.111. D.9.10 (1-2/8). P.2. V.6 A 9-11(1-2/8.9). LL 2125, L.t, 7.

The greatest depth of the bod‘y is about } of the total length, the
length of the head the same or slightly more, the depth of the caudal
peduncle 45 “The eye, which is prominent, is twice as long as the
snout and much broader than the intesorbital space. The scales are
very large but thin and have their sculpture obscure. The anterior
border of the dorsal fin is distinctly in advance of the tent and a little ©
nearer the base of the caudal than the tip of the snout. The pectoral
when expanded hardly reaches the base of the ventral™ the anal is
short, its posterior border lying ngarer the vent than the base of the
caudal ; the caudal is forked. The scaly sheaths of the dorsal and
caudal are very well-devefoped. '

The pharyngeal bones refemble those of M. rubescens «n fprme and
in the large number of teeth théy beary but dre relatively shorter and
stouter. ' .

Preserved specimens are of a greyish colour, darker,on the back
thar® on the sidesand belly, with abous 12 obscure blackish vertical
stripes on the body and a black spot surrounded by a pale ring on the
caudal peduncle. The fins are colourless. In the living fish, however,
the whole surface is deeply suffused with scarlet, the vertical stripes
are blue and the ocellus on the tail is much more conspicpous.

O largest specimen is only 20 mm. long and even smaller examples
are fully mature,

Type-specienen.—No, ¥ 9385/1 Zoological Survey of India (Ind. M us.).

This gorgeous little fish was taken ogly at the edge of the Inlé Lake,
among the stems of decaying grass from floating islands. It is mark-
edly gregarcous. Numerous specimens have been identified from
samples of dried whitebait from the market at Fort Stedman.

Barilius auropurpureus, sp. nov,

(Plate 11, fig. 4 ; pL IV, figs, 11, 12.) ¢
L]
BoLL DO /7). P12 VeTo A IS(/16). LL39AL L.t o (73/10),
The habit is slender and sprat-like. The dorsa} profile is*higher

than the head but wot strdngly arched, the ventral profile sinuons.
The head is lungnml narrow, the snbut sharply pointed. The greatest

. £
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depth of the body is about ; ,the total dength, that of the cawdal
peduncle 'y to ;% ; the length of the head slightly, less than the

“greatest depth of the body. The eye is large. a little shorter than

+he snout and<narrower than the interorbital space. (There arg no
barbels. The anterior.border of tke dorsal fin is immediately abave
the .vent and very slightly in advihce of that of the anal ; it is much
nearer the base of the caudal than the posterior matgin of the oper-
culvm. The pectoral is long and narrow : gdpressed it reaches beyond
the base of the ventral, which tdoes not reach the vent. The anal is
distinctly longer thin the dorsal. The caudal is long and strongly
forked. The anal has a well-developed scaly sheath. The scales of

. the boay are large, thin, deciddous and obscurely sculptured.
L]

'

The pharyngeal bones are shori and strongly curved. Kach bears
about 13 sharp curved teeth arranged triserially.

Preserved specimens are of a dark olivaceous green on the sides
and back and the upper surface of the head. white on the belly and
silvery on the sides of the head. There about 14 short bluish vertical
bars en the middle part of the sides, the series beginning behind the
operculum and exterding backivards to the level of the posterior margin
of the dorsal : on the caudal peduncle it is continued as an irregular
horizontal stripe formed by the coalition of further bars. The fins
are white an¢ bear rows of minute black dots parallel to the rays. In
life this is one of the gorgeous freshwater fishés with which I am
acquainted. The batk is suffused with deep purple, the vertical bars
and _caudal stripe are bright ultramarine blpe surrounded with a halo
of gold, the cheeks are brilliantly iridescent aad the whole fish is silvery.
The fing of the adult mate are paie greenish vellow. Specimens from
muddy streams are palet and leds brilliant than thoss from the open lake.

Large specimens from fhe Inlé Lake are nearly 100 mm. long but
in streams in the neighbourhood they do not exceed 70 mm.

T _a/pe—spe:‘imen.——No. F 9432/1 Zoological Survey of India (Ind.
Mus.). $ ¢
The species is common all over the Inlé Lake andin streams and
vivers in the same valley’ Tt is gregarious in habits and is the only fish
commonly seen at the surface of the water, The house we lived In
near Fort Stedman was built on poles ont in the lake a mile from shore.
Large shoals of B. auropurpureus were attracted by the refuse from our
kitchen, beneath and around which they swarmed. for the greater part
of the day and apparently for the whole night, swimming immediately
below the surface. Their natural food in this position consists largely
of the small caddis-flies and mayflies that issue from the water every
evening and flutter over its surface in enormous numbers. In the
heat of the day the fish descend to the hottom, where, through the clear
watér, we observed them tugging worms or insect-larvar from the mud.
As their mouths are not adapted for this mode of feeding they are
obligéd to turn over on their sides or on their backs when they have got
hold of a worm the greater part of which is embedded. In clear water
at any rate, in which alone the fish attains its maximum brilliance of
colouration, it is extremely quick and wary in its movements, so much
<0 that the Intha fishermen, who do not despise much smaller fish, make

PSS
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no serious attempt to catch it. Theys were able to obtain specimens
for us with a dip-net, but only at the expense of greatdabour. 1Ip muddy,
water such as that of the Yawnghwe river it is much easier caught.
bas I did now see it ig any ofethe markets and have been unable t®
detect specimens in samfnles of deigd whitebait. °

B. auropuspyreus breeds rather earlier than most of the fishes of
the leke, but the breeding periqd ™ evidently prolonged. We found®
shoals of young post-larval%tages and jof small fish that had not yet,”
attained the characteristic bright cdlouration. on’ the surface near
the middle of the lake. 1In all of these there is a dark mid-lateral Band
and a row of close-s.et black dots abn:’od‘)m anal fin. I figure two of

the younger stages. ° o
.

Family NOTOPTERIDAE. P
L] *°
Notopterus notopterus (Pall.)

1880. Notopterus kapirat, Day, op. cil., p. 406, dig. 120, .
1880.  Notoplerus kapirvat, Vinciguerra, op. cit., p. 355. ‘
1913.  Notopterus notopteras, Weber, op. cié, p. 9. .

This fish is common in the Inlé Lake, but is alwgys small, nevere
exceeding 10 inches in length. Most of the specimens obtained were
very dark in colour, the back being black and the sides ditrk grey. As,
however, I have pointed out elsewhere,! individuals exposed to a bright
light in an aquarium assume this eolouration, whith in those from the
lake is doubtless due togthe clearness of the water. N, notopterus 15
also common at He-Ho.e T has a wide distribution in India. Birma,
Siam, Malaya®ahd the Malay Jrchipelago, @ The small size 8f tRe fish
and its exceeding boniness interferes *with its economic value. but
large numbers are sold in the Intha Bazaars. They are ninst-ly
caught with hook and line or taken in weed-trawls, .'i'hev live as @
rule among weeds®near the shore of the®mke. A

2 Order ACANTHOPTERIGII.

.o
. Family MASTACEMBELIDAE. -

This family is represented in the Inlé fauna by two species of Mas-
tacembelus, Woth of which are, as far as we know, endemic in the Inlé
and He-Ho basins?

3 Mastacembelus caudiocellatus, Boulenger. >

(Plate I, fig. 3.)

03,  Mastacembelis caudiocellutus, Boulenger, op. cit., p- 199, °
Journ, Aead. Nat., Sei, Philadelphia (2)
°

XV, pp. 108, 200.

L
A photograph of a specimgn is reproduced on plate I, fig. 3 BN
the characteristic colonration. "I'hv ocelli on the sides of the tail are not

e

! Annandale, Journ, Gom. No® Hst, Soc, NN Ir. P 605 (1911.12), \

2 Dr. Boulenger's statement that they sccur in the Trawaddi is due, us he inform®
me, to a misapprehansion, See Jowrn, Acad. Nat. Sci. Philadslphia (2} XV, p- 200 (1912),
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always to be clearly distinguished

as sucli, for they are perhaps niore

. often mere pale spaces in a dark reticulation. Young and adults agree
in colouration. The species is a small one ; no specimens longer than
935 mm. were obtained. It is common in the Inlé Lake, swhere it oceurs

* both at the edge and in the open pacfs, always among dense vegetation. §
' The fish is ssid to be * sweet ”* and is eaten by the different tribes
that live in the Southern Shan States. r ©
' Mastacembelus oatesii, Boulenger. e
& (Plate I, fig. 2.)
Y. 1892, Mastacembelus oatesii, Boulenger, op. cfl., p. I!)'!').

1912, Mastacembelus oldesii, id., op. oit., pp. 198, 200.

This is a larger species, commpnly attaining a length of 370 mm.
The dorsal spines gan be retracted into fleshy sheaths and the praeoper-

cular spines are often completely

are of an almost uniform dark greenish colour, but in the young the .

concealed. Fully adult individuals

belly is pale and the sides bear a series of irregular dark, pale-spotted
bars (sometimes broken up into spots or blotches), while the sides of

ond barg, The caudal fin at this
vertical bur ;ahe ventral fins are pal
are almost wholly pale.

young of this specich and M. caudib

3, plate L

The Intha do not distinguish be
ar . "

the head are ornamented with alternate dark and pale horizontal lines

stage is black with a hroad white
¢ with a durk edge and the In'-'!.nml:e

The difference in cofouration between the

wllatus is ilustrated in figs. 2 and

Lol o
tweensthe two species of the genus.
v

N -
Family OPHIOCEPHALIDAL,

. Ophiocephalus

striatus, Bloch.

o

1889, Ophiocephalis striatus,Day, op. eit., 11, p. 363,

1884, (Iplfr'nrrplmlm,.plriatu.s.

This fish is by far the largest it

Ibs. ortover. Together with Claria: .
f the district, but I am not sure that

fer the true Carp. 0. striatus is caught
being a small live Nololl)fnru.s-) and in
It is often abundant in the Tocal markets.

favour among the Europeans o
“the Intha themselves do not pre
with hook and line (the bait often
special traps made of reeds. 1t 1

The species has a wide distribu
as far east as Eastern China a

Vinciguerrs, op. cil., p. 184, fig.

v 5
| the lake, attaining a weight of 10

¢ batrachus it has a prv-emi nence in

tion in Continental Asia extending

nd the Philippines.

o
Ophiocephalus harcourt-butleri, sp. nov. ’ :
" (Plate 11, fig. 73 pl. 1V, figs. 16, 17.) A

D. 28-38. A, 16-25. L. 1. 40-45.

. »
A small species resembling 0.
smaller scales on the head, the longe

L. t. 14-15.

gachua, but distinguished by the
v, narrower, less flattened head. ete.

The total lengsh is from 5 to 5} tines the greatest depth, from 3}

to 3% the length of the head and from bi to 6

caudal fin, The length of the orbi

1 times the length of the

t is from 4% to ;.the total length

g
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and from ¥ to 3 the breadth of the interorbital space. * The number,
of gpines in theedorsal fin is usually befween 30 and 34 and that in the
. anal fin betwedn 20 and 25. ‘The number of scales between the orbits
and the preopercular angle is 5 or 6 ; the number between the dorsal and
tité' tip of theSnout is 13 to 15" The ventral is less than half tne ]engtﬁ‘
of the pectoral. SEES
The teeth fire for the most part villiform and are arranged in nimer-,
ous lines on both jaws, but there is an inner row of larger conical
teeth both in the upper and in the lower jaw. The arrangement is best:
sh&wn in a figure (pl. IV, fig. 17). $ .

4

v F1G. 2.—0Ophiocephalus har@url-butleri, sp. noy.
’ "

L Two colour-forms can be distinguished — . %

A. The whole body and head and the greater part of the fna are
. almost aaniformly black, the ventral surface being only
slightly paler and a little mottled and the pectoral fins
showing slight traces of transverse banding ; a narrow
margin of fed or reddish orange runs round the vertical

and the caudal fins. : . R e
B. The head and body are®gray or oltvdceous, pale on the ventral
surface and with mcomplete dark < shaped markings
on the side (as a rule more or less interrapted), an indis-
. tinet dark blotch at theebase of the pectoral fin, pale
longitudinal lines on the dorsal and vertical lines on the

. caudaf fin. 2

i *  F¥ormB preserves to a large extent the jyvenile colouratiop (pl. II,
l

i

}

fig. 7), in which the markings are more distinct and the blotch at
the base of the pectoral is the centre of a well-defined ocellus. There
- is never an ocellus on the dorsal or the tail,
Our larfest specimen (from the Inlé Lake) is 226 em. long, and
from all accounts the species does net grow more than 25 em. long,
1 Type-specimen.—(Form A) No. F 9439/1 Zoological Survey of India .
(fnd. Mus.) from Fort Stedman.
Distribution.—This species is abundant all over Yawnghwe and the
néighbouring states. We obtained specimens not only from the Inlé
. Lake but also from He-Ho (3,800 ft.) and Thamakam (4,200 ft.); it
lives on a muddy bottom in sluggish streams and also in all parts of the
Inlé Lake, hiding itself as a rule among weeds., Large numbers are
gold in the local markets. «
The species is named after, His Horor Sir Harcourt Butler,K.C.8.1.,
CLE., 1.C.S., Liegtenant-Governor of Burma at fhe time of our visit
to Yawnghwe, now Lieutenant-Governor of the United Provinces. .

»
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FISHERIES OF THE LAKE. ».
3 . ; LicENCES. ¢

. The fisheries of the Inlé Lake are of the greatest possible importgnce
« to the population of its shores, thou gh, the revenue that they provide §
for the state is not large, never rifing much above 13900 rupees a
year. This revenue is gathered.in the form of licentes for thewmse of
different kinds of fishing apparatus. "The ficences are issued monthly
to individuals arid give the litencee the right to use as many t.rgp-;,
etc.; as he can set himself or otherwise utilize without assistance. I
havé to thank Mr. C. E. Browne, 1.8.0., Polntlcal Adviser, Yawnghwe,

. for the following statistics :— * !

Receipts from Yawnghwe jisheries for the last 8 years.

Ras,

190809 1180 .
1909-10 12074

1910-11 ot 12,759 ;

1911-12 11,020
. 191213 e 10,233
1913-14 R 11,005
: 1914-15 o A i 113,095
1015-16° e 12,769

.

Fishing implements used in Yawnghwe State and rate charged for each.  *

o4 ! Monthly
- charge.
i p L Rs. o, p. ’
., L Hmyon-gyi (* Large me"v) L2232 0 0
2. Hmyon-seik o T J HE e 00 03
3. Hmyon-Paung-Nyat — ... o 003
4. 'Hmyon-Taung-In* e L0508
5. Hmyon-Te . O 1 1 T T
6. Hmyon-Nga- Hmwe e 003 5
7. Hmyon-Kwet-Kya ,* ... o 0 0n g
5. 'lm\'on Kvi-Dauk N OO
O, Hm\'nn \\u'm;., et 0048 -
10. Hm\ on-Chok . Syoni o (10 ;
a1l }lm\'on Hpyu e (W)
12, Hmva Taysw- in (Hm\n- l’look) AR BER )
13. Hmya-Tauk ... Lo (Tl e
14. Hmys-Tan-Kyo kssa 0 1
L4, Hm\:\ Tan-Let-Kaing .. PR U ]
16, Ne-Khayin (diy-spear) ... b 208 0
17. Nyat- K}m\m (mnln-tpvur) 0 n
18. Po-San (silk net) AR 00
19. Kyi-San (cotton nev) 0 0
20. Hpyin-San . S0 .
21, Chaung-Yao-T hé 0 n

22, In-ya-Thé :

23. Pazunseik-Ngé- 'Ya-Thé

24. Nga-Yan:Paik (Paik= nol)
s 25. Nga Pein-Paik

26. Nga-Kon-Ma-Paik

2%7. Hmuw-chit-Paik

0 0

RO D =0 OO END -

4 28. Paik’Yat. Kyi.. o 0
29. Hsaung 2N L 0
, 30, Hu-Yin 0

31, Kun (rasting 'nvt)
32, Ka-Tat. Huumg Huoyut
33, Pet-Ka A7

=
O TR, EDRND
=
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Both these tables refer to the whole of the Yawnghve State and

v SRS (S : 0

no separate statistics are available foi the Inlé Lake : but the lake

fisheries are of very much greater importance thane those of,streams,
swamps and rice-fields.

»*The names of fishing appavatus given in the second table are not

are strictly local. I have to thank Mr. G. deP. Cotter of the (eolo-
gical Survey of Iydia for elucidating some of them, They are not in
most cases the same as those I obtaingd myself from the Intha fisher-
men in reference to specimens collectéd. It may be remembered, how-
ever, that the word Hmyon means a basket or basket-work trap o\fany
kind, Hmya a hook, Khayin a fish-spgar*and Paik a net. Nga means
Jfish. The specific Intha names of different species of fish will be founds
on pp. 24, 25. Nga-Yan is Ophiodephalus striatus, Nga-Pein or Hpein
the true Carp, Nga-Kon-Ma the Buimese Red-finned Barbel (Barbus
sarana caudimarginatus). ¥

Fisaine Boars.

The Intha (*Sons of the Lake™) are great boat-builders and boat-
men, very fond of boatracing. All their boats are. however, of one
type. They are long and narrow, almost flat-bottomed and with very
little freeboard. The two ends of the boat are identical, each is raised”
and bifurcated at the tip and a little widened so that a rope passed
over it does mnot skip. The bottom of the boat is built of the outer
sections of several tree-trunks laid end to end. and its size is measured
by the number of logs thus used. Planks are built up above the logs
and*the whole is covered®with a thick layer of thitsi varnish composed
of wood-oil fromethe tree Jﬁvl(ln.m'r{mm usitgle mixed with damarresin.
Broken shells of Gastropod molfuses fram thetlake are sometimes mixed
with the varnish and applied on the raised ends of the boat to give
the boatmen foot-hold. $her

The boats are,rowed by means of paddles with fairly long blades.
The Intha as a rule row standing and use their legs as well as their
arms in rowing. The leg is hooked round the dutside of the paddle in
*such a way that the two first toes touch and sometimes grasp the shaft
from behind above the top of the blade, The position is shown very
well “in the photograph on pl. V, fig. 1. It is not uncommon to see a
man rowing with his right arm and right leg, standing on his left leg
and wielding a fish-spear with his left arm (pl. VL. fig. 2). Women
also row in the same fashion. The right and left arms and legs are
used indiseriminately. When a man is fishing in a boat by himself he

often uses a simple contrivance to keep it steady while he 18 spearing

fish or otherwise employed. The contrivance of two flat, more
om less paddle-shaped pieces of wood tied together by a piece of string,
which is laid across the boat near one end and is sufficiently long to

" allow the two boards to hang into the water one on each side (pl. VI,
v

fig. 2). y
 Sails are not very often emploved and the Intha are not skilled in
their use. A single mast is, however, sometimes fixed in a block fas-
tened to a cross-bar near one end of the boat and & narrow oblong sail
of cloth hoisted on it. A much commoner practice is the use of a large

o
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silk umbrella-as an accessory sail.  When there is a slight breeze behind

the boat it is a common sight to see a man or woman lneeling in front

.and holding up as large umbrella of oiled silk for thi& purpose. The

umbrella is the same as that used for protection against sun or rain.

- " <

. L

! Fisu-TrArs ‘aND Baskers,

7 ]
The fish-traps used in the Inlé Lake gre not different in general
. principle or structure from those used in most parts of the East. They

depend for their efficgey largely én the fact that many fish have a habit
of thrusting themselves into any hole that seems likely to lead to a
sheltered retreat. It is alwdys, easier, owing to the direction of the
“fins, for*a fish to go forwards through a small aperture than for it to
retreat backwards, and apparently fish have not the sense to turn
round and go by the way they came. Consequently the traps used in
the Inlé Lake, with the exception of certain baskets with which I will
deal later, have one or more entrances fitted with a funnel-shaped
passage-way that has the narrower end innermost.
Perhaps the most characterigtic trap of the kind known tu the Intha
is that used in catching the Inlé Herring Barbel (Barbus stedmanensis)

“and called by «them poonhnwet : see pl. VII, fig. 3. Tt is of stout

barrel-shaped form and is neatly constructed of very fine strips of cane

crossing diagonally in two directions, and of some twenty rather stouter

strips of the same material bent in‘circles. The diagonal strips pass
alternately above and under the circular ones. The trap is made in
two longitudinal halves, each of which has seV;cml circular strips twisted
round, its open end. The two halves ard roughly tied together with
coarse twine and can be 's‘epara,t.nd"in rorder to remove the fish. There
is an entrance at either end of the complete trap. Its funnel-shaped
passage-way is formed of inwardly projecting strips of bamboo which
converge considerably. They are strengthened by qther strips wéund
round them in a spiral. Thé trap is never baited, but is either laid
amongst weeds with "a stone inside to keep it feom floating or else

suspended in the lake under a small floating island, which is anchored’

by meafs of a rope and Stone. The floating island may be a mass of
peat with vegetation growing on it or simply a mass of floating Weed.
A plant frequently used for the purpose is dmmania rotundifolia.

A coarser type of trap (pl. VIL fig. 4), used chiefly ffor catching
Ophiocephalus striatus, is often set the lake. It is made of slender
but very strong reed-stems peeled and coated with thitsi varnish. They
are fastened parallel to one another by means of bands of some tough
bark twisted round and between them in a double spiral, At the two
ends and in the middle there is a twig or strip of bamboo bent i a

circle ,and fixed inside the reeds to strengthen the whole. The strips_

of bark and the internal supports are manipulated in such a way that
the trap is somewhat compressed at one end; otherwise it has an
almost cylindrical shape. Tt is about 82, em. long and 44 cm. deep.
There aye two compartments and both the round end of the trap and
the partition betweén the compartments are provided with a passage-way
of converging reeds. The compressed end is provided with a moveable
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davr of reed-stems. This srap, which is called* pwanknivel-nga-yan is
very like one fgom Bengal figured by Day in his hand-book of ** Indian
Fish and Fishing * compiled for the Fisheries Exhibition i London®
ofJ883. The reference is to pl. 1, fig. 4 of the book. The chief
p difference is that the Intha trapds truncated at the compressed end,
©

instead of bejng produced.
v : Lhie
The other traps recognized for revenue purposes by the Yawnghwes

State are probably used fOr the most_part in rice-fields, canals, etc.,
ragher than in the lake itself ; the ontf other type which I know to be
set in the lake is the one used in connection with the large fishing en-
closures which I will discuss later. Insgeneral structure it resefubles
the conical frames® (pl. Vv, fig.1) used in connection with fish-spears,,
"but is not more than 4 feet longeand relatively narrow. A funnel-
shaped passageway is fitted in the broad end and a hole at the narrow
end is filled with weeds when the ‘trap is set. The fish are extracted
from this hole. S

5 The traps used in rice-fields differ only in small details from those

used all over India and Burma. Two types are common. One is
conical and has a funnel-shaped entrafte. It resembles the large traps
used in the enclosures but is only about a foot long and is made of
very narrow strips of reed-stem. The other, which stands upright, has a
flat bottom of bamboo-matting. The upright sides are made of very
narrow strips of bamboo arranged closely parallel to one another in a
vertical direction. In cross-section the trap is shaped like a figure of
8 with the double curve of one side smoothed out into a single con-
vexity. In the depression gn the other side there is a series of fiarrow
slits, through Which the little .ﬁsl\, and prawns enter. #s theetop is
open and the whole trap not more thart eighteen inches high, it can only
be used in very shallow water. . C

Two kinds of baskets are used in catching small*fish and prawns.
One (pl. VII, fig! 2) of these (hmyonFuwet) is broadly (‘kvlindrical, and
is formed of a very coarse network of rough bamboo strips, with a

.number of similar strips twisted round the top. A specimen is 42
em. high and 1:3 m. in circumference. Baskets of this kind are filled
with peat, fresh weeds and stones, and sunk in the epen parts of
the lake. They are left at the bottom for 24 hours or more, and
then fished up with a fishing spear. Several hundreds are often laid
down by a Single boat or a pair of boats, on which they are piled to a
great height. Fish of various kinds: especially the small Cyprinidae
and the species of Mastuzcembelus and Notopterus, go into them, appa-.
fently to look for food among the peat as well as to take shelter,
for the peat is considered necessary. They remain in hiding amongst
tfie weeds when the basket is drawn up. The monthly licence for using

+ baskets of this kind is only three annas,

The other kind of fishing basket (pl. VIIL, fig. 1) is also made of
bamboo strips, but the strips are much narrower and more carefully
prepared, and the workmatship is neat and close. Tke structure is
that of a more normai basket with upright strips radiating from the
bottom, and with finer stvips passing horizontally alternately in and
out, below and above them. A*large specimen is 26 em. (iccl), and

'
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1-47 m. in diameters Small Cyprinidae, and especially small prawns,
are caught by dipping baskets of the kind into the water under
aduckweed or other floating plants among the floating islands in the
marginal zone of the lake and in canals and water-channels in the
surrounding country. The water runs out through the interstices of
the basket when 1t is lifted, leaving the little fish and prawns in a
mass of weeds. ‘
1. NETs.
At least six different types of nets are recognised by the revenue
_ officers of the Yawnghwe State. Some of these nets are distinguished
by the name of the fish whicl: they are used in catching. There is the
nga-yan-paik (i.e., the net for catching Ophiocephalus striatus), the
nga-pein-paik (i.e., the Carp net), and the nga-kon-ma-paik (i.e., the
net for catching Barbus sarana). There are also the hmaw-chit-paik,
the pail-yat-kyi—names 1 cannot explain—and the kun or cast-net.

The prices of monthly licenses for these different nets are as follows :—
3 !

Kind of Net. ?}3::‘215V

! R a: p.

Nga-yan-paik v 0BT
Nga-kon-ma-paik ... : 08 0
Hmaw-chit-paik { I 8 0
Paik-yat-kyi 4 8 0
21050

Kun .. o

The relative efficacy of the different natsican be gauged to some
extent by the licence paid for their vse. I am not &ure that all of them
are used actually in the Jake, fof the revenue statistics from which my
information is drawn apply to the whole of the State of Yawnghwe
and the names given me by the fishermen do not agree with those in
the official list. o) \

The Carp het and fhe barbel net are dnft-nets of very ordinary
structure, That used for the Carp is made of fine silk (imported over-
land fromm China) of considerable length but only about 1] feet deep ;
the mesh is 24 mm. across. There are small floats of some very light
wood fastened to a double string that runs along the top. They are
flattened cylinders about 8 mm. long, and are fastened at intervals
of about 15 em. Along the bottom of the net there are small leaden
weights consisting of thin plates about 7 em. long bent round another
double string and hammered tight. When not in use the net is
festooned on a bamboo, The net for barbel is precisely similar
construction, but is made of cotton and has a slightly smaller mash,
about 20 mm. across. I am told that the Ophiocephalus net has'a
considzrably larger mesh. All these are used most commonly in
connection with floating islands, which are towed out into the middle
of the 'ake and there anchored. The fish take shelter under them,
and the nets ere drawn round them, or alang one side,

The weed-trawl (pl. V, fig. 2) is a much more charvacteristic net. It
has a triangular o almost triangular fraiae of variable size, but at
least 5 feet long. The frame is made of two bamboos bent into an

{
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et
arch above and tied together with twine. A third bdmboo passes-

transversely through holes in their free ends. The net itself is bag-

o . 5 < .
shaped, and has a small mesh of about 12 mm. It is made of” cotton,®

A ’Long rope is fastened to each of the lower angles of the framework,,

2 Two boats have to be ‘used in fishiag with this nef. A man stands

upright in mm.uf these boats h'('nldi'h"g the top of the framework in his

“

hands, he plungds it downwards ang throws the two ropes across to,

two men in the other boat.? They haul in the ropes until the net is

horizontal and the two boats are clo%e together. ‘The bag is”then *

s, - . ) §

emptied out into the second boat. The contenés consist of .2 mass
of weeds, with Carp, Notopterus. Barbus sarana, Ophiocephalus stwatus
and any other fish tkat may have taken shelter among the weegls.

»  The Sin or dip-net is of varioys sizes, and may be either square A

or oblong. Tt is used mainly for catching the herring-like Barbus sted-
manensis, and the sprat-like Barilius, both open-water fish. The mesh
is naturally smaller for the latter than for the former. The net is fas-
tened at its four corners to two stout bent pieces of bamboo which are
crossed above and temporarily tied together with string. A longer
atraight bamboo is tied above them assa handle. The net is allowed
to sink into the water where a shoal of fish is seen, and rice-chaff is

sprinkled on the surface above it. The fish come tv this, thinking'

it to be some kind of food, and the net is drawn up from below them.
The large dip-nets worked with a windlass that arve 'often seen in
Travancore, on the Talé Sap in Peninsular Siam and in many parts
of China are not used on the Inlé Lake. X

The cast-net is uscd:mt}ler in canals and flooded rice-fields«than
in the lake itselfe It does not differ in construction or method of use
from nets employed in other pdits of the HaSt. '

'™ .

Fisning ENCLOSURES, =

e

I did not see real stake-nets of any <kind in use on the lake, but
driftnets are sometiymnes used in connection withelarge enclosures (pl. V.
Jig. 3). These are made in the following manner :—Masses of living
weed (Ceratophyllum) ave collected in boats and allowed to dry.  They
fornme a felted substance of some strength.  With this walk are built in
the lake round areas often of large size. They reach from the bottom
to well aboye the surface of the water and are fixed in position by long
bamboo poles driven through them into the mud of the bottom.
Small holes are made in the walls at’intervals a short distance below

the surface and the mouths of conical fish traps made of bamboo (see -

uBovel are fixed in the holes. The bottom of the enclosed area is
then systematically stirred up by means of bamboos and the fish are
driven out into the traps. The nets are suspended in the air on
bamboos above the walls of the enclosures to eatch those fish that
may attempt to leap out.

Hoogrs axp Laves.

The revenue department of Yawnghwe recognize several different
kinds of methods of using fish-hooks, but T have little information as
to the methods except that both fishing-rods made of long reeds and

“»
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long lines with many hooks are used. A common bait for large fish
such as Ophiocephalus striatus is a small living Notopterus. The cost
of the monthly licénce for the use of different kinds of fishing lines varies
from one to four annas. '

. 2% o

[4
F1sH-SHARARING.

. v

The most profitable and one of the most heavily taxed methiods of
fishing is that of spearing (pl. VI, figs. 1, 2, 3). The spears are of two
kinds, one (pl. VI, fig. 4) with tivo prongs and one with five (pl. VI,
fiz. 5). “The former 1s used for spearing Carp and all other fish except
eels,' it is called kyin or khyia. The monthly license for its use costs
four armas if it is used by day, but one rupee if it is used by night
with a small fire in the front portion of the boat. An accessory fre-
quently employed with this type of spear is a large conical frame made
of strips of bamboo bound together with ratan and sufficiently long
to reach the bottom of the lake. It has a small hole at the top and
is without a bottom. This contrivance is let down over fish in the
water and they are then speared through the hole at the top.

The spear with two prongs 1s only used in catching the eels Amphi-
pnous cuchia and Monopterus albus. Tt is of much less importance
than the one with five prongs. It is named shin-su.

The constiuction of the two kinds of spears is essentially the same
but that of the shin-su is somewhat simpler than that of the kind with
five prongs. Itsshaft is made of a slender bamboo about 5 feet long.
The two prongs, each of which has a single barb on the inner surface,
are apparently cast in one piece with a spikesat the base, which is in-
serted into the tip of the zhaft. Fhey are fixed in position by means
of some kind of resin and the tip'of the shaft is strengthened by a copper
band hammered tight round it. The prongs are of course of iron.

The shaft of the five-pronged spear is longer and more slender and
is formed of the stem of a steut reed covered with fnitsi varnish. The
five prongs are all in one piece and each has a single barb ; they are
bound to the shaft by thin twine or cotton thread covered with resin
or thits® varnigh. The shaft is sgometimes as much as 12 feet long.

Cmier Epiere Fisa or e LAKE,

In the systematic part of this paper I have stated briefly, in dis-
cussing each species, its economic status, It may be convenient here
to summarize what has been said on the subject : at the same time
I wish to say a little more about the dried whitebait that is go charde-

teristic a product of the Yawnghwe State.
All the species commonly sold in the market are abundant, a fiet

probably correlated with the comparatively small number of species.

represented in the lake, There are no really large fish in the Inlé
Lake and several of the species certainly do not attain the size thev
attain in the lowland waters of Burina, ©his may be due to the lack
of a sufficiently abundant supply of. nitrogenous food or to other
causes of like nature, Some of the fish of«the lake are always very
gmall, not growing more than an ineh long. The great nmjnrity of the

{ fi :
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fish are eaten commonly hy the people, but several Species are of
little cconomic; importance because they are of relatively small size
and are at the same time ‘difficult to catch. © To this “category
belong the species of Barilius, a sprat-like fish which as a rule swinis
near the surface, and Disvognathug, which is provided with an adhesive
apparatus connected with the ‘mofith and feeds by erawling up house-
postseand the lilfe and grazing on the minute vegetation attached thereto,

The chief food fishes arong the larger species that are eaten fresh
arg the following :— o & b8 >

Clarias batrachus, Cirrhina latia, Barbus satana caudimargifiatus,
Barbus stedmanensts, Cyprinus cargioo,in(ha, Notopterus notopterus,
Ophiocephalus striatus angl 0. harcourt-butleri. Of these, Buropeans
prefer Clarias batrachus and Ophiocephalus striatus, but the favourite
fish of the Intha seems to be the local race of the true Carp.

The larger fish are seldom preserved by salting or drying, but half-
arown Murrel are occasionally split, cleaned and salted, while a surplus
cateh of Cirrhina latia is frequently drieds without even being cleaned.
Small dried fish of the latter species arg sold separately from larger ones.

The dried whitebait consists of small fish of.diverse species, which
are captured mostly in rice-fields at the time when theware being draine
in autumn. A comparatively small number are, however, taken among
the floating islands pear the edge of the lake. The fish are caught in
the baskets described above and also in small traps of types widely
distributed in India and the surrounding countries. The fish identified
from samples of whitebgit purchased in the Intha bazaars are :—

Lepidoceplatbus berd-gtorgi, Nc;guc]n’ltw gzoh'a, N. brewis, N. brunn-
eanus, Cirrhina latia, Danio® aequipsnnatis, Cyprinus carpio intha,
Sawbwa resplendens, Microrasbora rubescens, M. erythrowicron, Masta-
cembelus oatesii and M. cawdiocelletus. Of the larger species only a
snfail number of young individuals were found to be present. The
great bulk of all the samples examined consisted of the apecies of Lepi-
docephalus, Nemalhilus. Sawhwa, Danio and Microrashora.

Several different qualities of whitebait are recognized in_the local
mazkets, the difference depending chiefly on the species present or
predominant. The selection is, however, perhaps to some extent
different in different villages. In Fort Stedman bazaar I found two
qualities cdmmonly on sale in February : A sample of the first quality
(called Poktha) consisted of 74 per cent. of small loaches and 26 per
cent. of Cyprininae of species that fiever grow more than 2 inches
tong. The second quality was called Nga tha-hpwe-gyauk and only
differed from the first in having a very much smaller proportion of
foaches. In the Nan-Pan bazaar at the same season three qualities
were distinguished. The first quality was called (Nga Me=*‘ black
fish "), It consisted of loaches and of small Cyprininae in about equal
proportion. The second quality (Nga Mi=*"red fish ™) consisted
mainly of Danio, with some loaches and a few (not more than 5 per
cent.) of young Cyprini and Cirrhinae. The third quality (Nga Hypyn=
¢ ‘white fish ”*) copsisteds mainly of Sawbwa anfl Microrasbora with
a small admixture of young loaches and a few young Cirrhinae,

P
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. No salt is“used in pr‘eserving these smpll fish, which are dried dn
the sun on bamboo mats. The product is exported to' other parts of
¢he Southern Shan'States and possibly even further afield.
.. Small prawns of the genus Caridina are captured and utilized pre-
cisely in the same manner as the small fish, and they form an even more
important article of local export. ‘@hey will, however, be discussed
.more appropriately when the Crustacea of the lake 4ré deseribed.
Except for the hicencing of different: kinlls of apparatus there is no
restriction? placed on the iisherie‘n.;nf the Inlé Lake, and I could discoyer
no fects that would justify any such restriction at present. The lake,
howeser. 1s bound to become gradually smaller and shallower, and the

fish to bagome scarcer as the area hvailable for them'is restricted. When

this occurs the only coursz will be toexperiment in the intensive culture *
of the Carp and of the small fish used in making dried whitebait. There
is every reason to hope that experimexts of the kind would be success-
f ¢ .

ful.

- i 3
L Some of the Intha think it wrong to fish in the * Buddhist Lent,” in summer and
autumn, but this is not the breeding-seagon of the fish and no legal restriction or strong
religions influence is exerted in the matter.

-
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THE CAUDAL FIN OF THE EEL CHAUDHURIA.*
0t e . (\\ri;h wext-ﬁgm'e.) %

* By I.Q'H WirrenousE, M.Se., Professor of Zoology. ‘
Government College, Lahore. 7 )

® A special interest attaches to the chudal fin of ghis peculiar eel * since
it is discontinuous ; in all other known ee;ls the caudal fin is ('"“t‘}.““’l“ﬁ
with the dorsal and anal fins, in whish“the fin-rays are ;‘“l’l’,(.‘:rg'e(\l )"l"
.radials or interspinous bones alternating with, the nlcurx(ll anl ﬁ:;l:::e
spines. In Chaudhuria, the last fin-rays of the Ao > allm rertebral
attached to radials situated betyeen the sixth ‘andhse\ent 1“;;3&;&{)?0
arches counted from the posterior end : th;»re :ls tmlisfr?n;ot-ho B s
space devoid of fin-rays separating the dorsa’ ang & (L Sk
fin. However the fin fold is practically® conHnuous Anc f the
dermotrichia of the dorsal and anal figs reach pralorarc e ian AR

last centrum. -

erniinal centra are t¥pical of
led base with a long back-
trum has a somewhat
not only to the eels but

to the majority of the Teleostean fishes, and i8 Pr?babl.‘.' o:'llle to suppres-
sion consequent on the upturning of the ?Xt'r("l"t.‘-’ during the hetero-
cercal stage. As regards the spine of this n ;
with certainty whether it is present or not: the anterior (_101'551] edge
isecertainly truncated, which suggests the absence of the spine ; at the
same time, there appears to be a very small spine attached to this angle
of the arch. but determination by dissection of st}ch a small structure is
almost impossible ; the point however is of minor importance. The
neural arch of the last centrym is typically elongated, extending some

 The neural and hemal arches of the t
the _\pndos. the neural arch having an extenc
wardly directed spine. The penultimate cen
reduced neural arch ; this is a feature common

il o
1 The genus and its only known species (O, cawdala) are des@ribed by Annandale on
pp- 27-28 of this volume?

. : (¢

eural arch, I cannot say °

-

e
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o
short distance along the upper edwe of the Ky-pural bone, and is devold
qf a spine, ° . .

Two large hypural bones are present, fused at their bases and firmly
aftached to, or even fused with, the last centrum ; the dast (i.e., the
@ipper) hypural is the larger and bea®s four jointed fin-rays, while the
ventral hypural bears three. None of the fin-rays bifurqate, but extend
L]
~. Tha courses of the spinal eord and the catidal blood vessels are indi-
cated in the figure by dotted Idhes. -

It"will be seen that this caudal fin is a wholly ventral structure, since all
the subports are ventral to the spinal cord. In the majority of Teleosts,
& few dossal elements enter into the caudalfin, but in Chaudhuria all

such elements have beeit eliminated ; this is a definitely specialized
« character. The separate caudal fin itself also suggests a specialization

above the average eel, and it is pmhnB]E that the tail is a more definitely
propulsive organ thah in other Apodes where progression 1s by a wriggling
motion after the fashion of the primitive fishes.
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. CHELONIA "AND BATRACHIA OF THE INLE LLAKE. -
M By N. Axxavvaie;, DSe., F.A.S.B., Director, i
= < Zoological Sufvey of India. ,
n
: With Plate XX.
© - P -
s CHELONIA. . -

The fishermen of the Inlé Lake recoghize two species of Chelonia ;

to one they give the name deik Pu, to the other Leik Kambaf. The o
latter is evidently a species of Trionie ; it is said to be round and flat,
to have no seales on its back, to grow to a large size and to have roupd
black spots on its back when young. It may be T'rionyx phayret. which
P( ©  seems to be found at higher altitudes than any other species in Burma,
« but we did not see a specimen, The Leil Puds a local race of the widely

distributed terrapin Cyclemys dhor (Gray). T describe it here as :—

Cyclemys dhor shanensis, subsp.- nov, 4

‘ The shell of hoth sexes is somewhat elongate, but that of the female
t o is relatively broader than that of the male. The shiélds are also

broader, specially those of the dorsal row. The dorsal surface of the
R male shell is flattened, while that of the female is convex. The whole
I

of thé margin of the caraﬁacg is a little retroverted ; in front of and
behind the bridgesof the plastron it s distinetly concave above. The

\ growth-lines are strongly developéd on the shidlds. T a young adult
female the suture running across the outem part of the«abdominal
o shield and representing the plastral hinge is almost obliterated. being

- reprefented merely- by a faint superficial groovel: but the suture
between this shield and the pectoral is strongly m,ﬂ"k"d- In a Sh""].'”"v
solder male the sutufe between the shields is very nearly straight
ald practically all external trace of the hinge has disappeared. The

\' whole of the shell is very dark brown or black with fine radiating

| vellowih lines on each shield. These lines tend to disappear with age.

The head and neck are greenish black and are uniformally marbled

with dull olivaceous. The limbs and tail are blackish. The s_kull

resembles that of the typical form but the smout is perhaps a little

—

N broader and blunter. v
k Measurements of shells with callipers (in mallimetres).
£ Male. Female.
® Total length 225 184
Breadth i 198, 137
Depth ... ese il 18 2
'a Length of plastron < o 198 174
Length of bridge ... e v 1170 (5}
Q

! This groove shows mara clearly i the photograph (plate xx, fig. 24) than it does
on the actusl specimen, °

el
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Type-specimens.—Male No, 18594 ; female No. 18593, Zoological
Survey of India (Ind. Mus.).

The male type is from Fort Stedman on the Inié Lake. altitude
3,000 feet ; the female from a small stream from the He-Ho plain 800
feet. higher. ) : o

This tortoise is largely aquatic 1n habits, sitting at the edge of cnnals@
and other bodies of water and diying to the bottom when disturbed.

I have examined a large series of adults of the typical form of Cyclemys
dhor from different parts of Burma and from the Khasi and Garo Hills
in Assam. In none of them is the hinge of the plastron obliterated in
thenway in which it is in the Shan specimens, although some of the shells
are evidently those of aged individuals in which the growth-lines on the
shields have been entirely worn away. In an old living specimen from
the Garo Hills recently examined, the hinge, though still represented
on the shields by an open suture,,was quite immovable. The typiecal
form shows the same sexual difference in shape of shell, but its colour
seems to be invariably paler than in the Shan form.

BATRACHIA.

The season of our visit was a very bad one so far as the collection
of Batrachia was concerned. The frogs and toads of the Shan Platean
undergo a longer period of hibernation than the mildness of the climate
would seem to justify were it not that most of them are tropical species.
They were only beginning to arouse themselves from their winter sleep
in March and as a matter of fact we did not sce a single adult batrachian
in the Inlé basin. Several tadpoles were, hoWever, found in small hill-
streams running into tle lake and we obtained specimens of one frog,
a common and widely distributed form, both at He-Ho and some four
hundred feet bigher at Thamakan.

Rana kuhlii, D. and B.

1917, Rana kuklii, Smith, Journ, Nut. Hist, Soc. Siam 11, p. 262, pl—, ﬁ_'_-,s.' AP

1, 1a, 15 (larva).

Tadpoles of this species were abundant in streams at Hsing-Dawng
and near Fort Stedman. 1 have identified them by comparison with
gpecimens sent me from Siam by Dr. Malcolm Smith, who has just
described the larva in the Journal of the Natural History Society of
Siam. 1t is clear from his investigations that the tadpole! I assigned
provisionally to this frog recently was incorrectly identified.

The spei'ius is widely distributed in southern Asia east of the Pay
of Bengal,

o

Rana limnocharis, Wiegm.

Frogs from the Shan States helong to the typical form of the species
but rre rather small : I saw none more than 45 mm. in length from snout
to vent. The spec'mens we found at Thamakan were in a well and
seemed to be in a half torpid condition. I believe that | heard frogs

Y Annandale, Mem, As, Sie,, Bengal V1, p. 147 (1917),
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of khe species croaking in the,swamp at the north end of thé Inlé Lake at-

the beginning o[; March. A
o0 Ve Bufo melanostictus, Schneid. 2
Dr. Gravely collected a nunthef, of tadpoles in the old valley of the * -

Kawlaw riversegst of Ngot at an altitude of about 3.500 feet. They
are al’young and had probaply spent’the winter in a larval state.

v . '

o
. Megalophrys monfana, Kuhl. .

We obtained in a small stream above Fort Stedman a tadpole of the
cenus Megalophrys that agrees precisely with those from Penang! and |
differs in the same characters from those of the-Himalayan species.

M. montana is widely distributed in the Malay Peninsula and Archi-
pelago and Smith 2 states that it is found on most of the hill ranges b
throughout Siam, but it has not been recorded hitherto from Burma.

©

) J .
L Jd., ihid., p. 154, pl. vi, fig. 10,
& Journ. Nal. Hist. Soc., Siang 11, p. 231 (1917).

-
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EXPLANATION OF PLATE XX.

Fies. 1. la.—Shell of male type of Cyclemys dhor shanensis, subsp.
nov.

y 92 09 3 .
Fics, 2. 2a.—Shell of female type of Cyclemys dhor shanensis, subsp.
nov. |
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THE ANATOMY OF A CHIRONOMID LARVA OF
- “THE GENUS POLYPEDILUM. '

¢

By BaiNi Prasuan, 3M.Se., Superintendent of Fisheries, Bengal Fisheries , *
.

Laboratory: Indian Museum, Calcutia.

. no «

: o
¢ (Plate XX111). : :

There has been an unfortunate confusion as to the generic naifie of
the larva here described. The adult fly reared from a similar lavva was |
originally named by Kieffer Chironomus fasciatipennis (4), and is referred
to under this name by Annandale (2), and also by Gravely (3). Kieffer
in a later paper (5) assigned the syfecies to the genus Polypedilum Keiff.,
and it must therefore be known as Polypedilum fasciatipennis (Kieff.).
It is impossible to be certain with our present knowledge of the Chiro-
nomid larva whether the form that I am about to discuss is specifically
identical with the one from Calcutta, But no difference has been dis-
covered either in structure or in habits, and there is no doubt of the
generic identity. k

The specimens on which I have based my observatiops were taken
in the Inlé Lake, Southern Shan States, by Dr. N. Annandale and Dr.
F. H. Gravely in February 1917. They were living among dense masses
of . weed (Ceratophyllum) in clear water. The habits of the Caleutta
formy” as described by Anmandale (1, 2) are as follows :—* In the early
stages of its larval life this insect wanders Free among cofmunities of
protozoa (Vorticella, Epistylis, etc.) anfd rotifers on which it feeds,
but as maturity approaches begins to build for itself a temporary shelter
of one of two kinds, either a delicate silken tunnel the Bottom of which
is fofmed by some smooth natural surface. or a regular tube . . . .
The tubuler shelters occasionally found are very much stotiter structures
than the tunnels, biit are apparently made fundamentally of the same
‘materials ; and structures intermediate between them and the funnels
are sometimes produced. The larva as a rule fastens to them branches
detached from living colonies of Vorticellid protozoa such as Epistylis.”
In the Inlé form the tube! is made of a silky material and 15 closed
at both ends; the larva however can come out of it at any point as the
whole structure forms a loose net work. The tube is covered by a thick
growth of a protozoan which has been identified as Epistylis flavicans by
Dr. Ekendranath Ghosh.

The larvae in their cases on being taken from the lake were put into
a kowl of water, and it was observed that they began to devour the
Epistylis. The protozoa on this broke off from their stalks and swam
away. A small caddis-fly, of which vast swarms arose from the lake
every evening at the period at which the larvan were collected. dropped
its egus into the bowl in which the larve were living. These egas were

1 An enlarged photograph of 1hs tube with ils covering of protozoa is reproduced by
Dr. Annandale on pl. XXT of this volume.

4
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enclosed in a globule of jelly about the size of a small shot. The globule
adhered to the case of a larve, which tried to eat them, but was pre-
vented oy the jelly from doing so.

out

The larva preserved in spirit is of a creamy colour when taken g
of its tube ; when alive it was semi-transparent without any tinge of red. ¢
It is 6:5 mm. in length, and like the ordinary Chironomid larvee is worm-
like in appearance. It differs from the common blood-worms inchaving
no ventral blood-gills on the eleventh segment. and in that the blood
lacks red pigment. In one specimen, which was ready for pupation
when preserved, the nymphal characters are well developed and can be
easi.y seen in a Canada balsam preparation. It shows that in the nymph,
instead of the two groups of respiratory filaments on the pro-thorax,
two nymphal trumpets are develop2d for respiration. The larva is thus
of Meinert's Motitor group of Chironomus larve (6), but differs from
other described larvae of this group ia having a small head, and in that
the brain lics in the pro thorax instead of the head.

In the body of a young larva the head and the twelve segments
of the thorax and abdomen can be easily distinguished (fig. 1). In
advanced larve, however, fusion takes place in the thoracic region
and the segments are not easy to distinguish.

Head.—The head is a very small structure with a chitinous covering
much thicker than that of the rest of the body. It is of a yellowish
colour. In front of the antenns it is much narrower than behind. The
dorsal surface is very convex, descending rapidly to the nearly straight
posterior surface, gradually at the outwardly bulging sides, and with
a very steep forward slope on the artertor surface (fig. 3). The
ventral surface is nearly dat. The dormso-lateral sides of the head
are formed by three chitinous pieces, viz., a median process (the
clypens), and two lateral plates. The lateral plates are designated
the epicranial plates by Miall and Hammond (7). This, however,
is an Inappropriate name when applied to the head of this larva,

becauge in it the brain does not lie in the head, and so this part. of the :

head is not the eranium in a strict sense. The lateral plates besides
formine the sides also form a little of the dorsal surface, and are
continued wventrally to meet each other in the middle line, avhere
a faint suture can be distinguished (fig. 4). From the anterior margin
of the pre-antennal portion of the head a shelf-like fold hangs
forwards. Its dorsal surface is convex and highly chitinized. The
ventral surface slopes sharply inwards and slightly upwards towards
the entrance to the buccal cavity. The ventral surface of this pre-
antennal shelf is termed the labrum (la) by Miall and Hammond. °1t
overhangs the mouth-parts, is maobile and can be bent backwards and
inwards. On the dorsal surface the shelf bears two setm, one on either
side. while on the ventral surface (i.e., the labrum) there are two simples
setae in the middle line, and two groups of thick setw : besides these
the ckitin on this sirface is thickened along two crescentic lines on the
sides and a central triangular area. The margins of this triangular
area ars raised into tooth-like processes

Ventrally the pre-antennal portion of the head is marked off from the
post-antennal by a narrow linear band of thickened chitin arising from

0 ©
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the sides of the labium. Ipmediately in front of the labium lies ths
opening of the buccal cavity. Ventrally in the post-antennal region the
chitin is thickéned to form thé labium (Ib) or the lower lip in the middl:
and two striated flaps (f) on its two sides. The flaps bear a large number
Of setw, and are brush-l&ke strucfures which help in closing the mouth
opening on the sides. A ) Y
On the lateral sides of the head two pairs of pigment spots or &implp
eyes (¢) are present. Thetantenna (an) lie in front of the eyes. Each
antenna consists of a large basal jpint arising out of a cup-Shaped
dépression on the head. No sensory spot can he distinguished on the
basal joint of the antenng. To this basal joint two ramii are attached,
the outer one is five-jointed and the innér is a long unjomted, hair-like

. structure. 4

The mouth-parts consist of a p'air of large mandibles (md.) and two
pairs of maxillae. The mandibjes (fig. 5) are large heavily chitinized
structures without any setm. They are attached by a broad base and
have a curved pointed tip ; their inner cutting margin bears a number of
teeth. The first pair of maxille (ma. fig. §) are two-jointed structures,
one on each side of the buccal opening and arising near the base of the
mandibles (fiz. 4) ; the upper joint is small and setose. The second pair
of maxille are fused to form the labium (Ib. fig. 4) which forms the lower
margin of the funnel shaped buccal cavity. The labium has a toothed
anterior margin with the teeth pointing forwards. Abote it lies another
thin plate. Miall and Hammond call the upper the mentum and the
lower the submentum.

* Thoraz.—In a young larva the first three segments following the head

are the pro-, meso-, and metathoracic (¢ 1.¢ 2, ¢ 3, fiz. 19. These three
segments are quite distinet, but in @ fully "srown adult larva the line
separating the mesothoracic from the anetathoracic segment is not
seen, the two forming a single structyre. The ‘notch separating
the prothoracic- from the mesothoracic segment, however, persists
fig. 2). -
: “The prothoracit sezment has a pair of club-shaped feet (¢. f.) armed
with two types of hooks. Both types of hooks are simple without
serrations or teeth. One type (fiz. 7) is curved like a scythe, whilst
the other (fig. 7a.) is nearly straight. The curved hooks are arranged
on the margins of the knob at the end of the foot, and the straight
ones are in the centre. Both types of hooks, especially the curved
ones, are of use to the animal in collecting and planting the colonies of
Epistylis on its tube. The other two thoracic segments do not have any
appendages.

Abdomen.—The abdomen is formed of nine segments (1-9, fig. 1), all
of which are alike except the last one, which bears appendages and other
outgrowths. It has a pair of large anal feet (a.f. fig. 1) ; these like the
thoracic feet bear hooks. The hooks are arranged in concentric circles.
The outermost ones have a very broad base and a much hent upper
surface (fig. 8¢), in the inner ones the curve is not so marked (figs. 8a, b),
whilst the centre ones have a_much less curved upper portion (fig. 8).
Besides the anal feet deseribed above, this segment’ hears two bunches of
five setz each (ﬁ;;'. 1), arising from conical papille on the dorsal
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side ; these anchor the larva to the tube. Near the anus two pairs of
blood-gills are also present (b.g.. fiz. 1); from the base of each of the
upper pair of gills a stout seta is also seen to arise.

Internal Anatomy.—No attempt is made to describe the internal
anatomy in detail, which would be impossible with the very limiteéd
material available ; a few differences; from the form dcscnbed i detail
by Miall and Hammond are, howev er, noted. ;

The supra-oesophageal and the sub-oesopiageal nerve ganglia lie in
vie prothoracic segment and not.in the head. which as noted above is
very small. The rest cf the nervous system is essentially the same.

In the alimentary canal the mrdmu portion of the stomach (ca. fig. 9)
and the djlated chamber at the bezinning of the sma'l intestine (ch.) are
poorly developed. The salivary "l'mdx: (s. 4.) also lie much more an-
teriorly, the ducts being relatively small.

The tracheal system has two well deyeloped longitudinal trachew one
on either side. .

In conclusion I have to express my sincere thanks to Dr. N. Annan-
dale for the material and kind help ungrudgingly given at all times. 1
am also deeply indebted to Mr. T, Southwell, A.R.C.S., F.Z.S., Director
of Fisheries, Bengal, ard Bihar and Orissa, for permission to undertake
and publish this work.
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SPONGES, HYDROZOA AND POLYZOA OF THE

" INLE:LAKE. .

Rl ; .
. By'N. ANNANDALE, D.Sc., F.A.8.B., Director, S
Zoological Surveyof India. - -

v With Plate XXI. ° A

The Porifera, Hydrozoa and Polyzoa of the Inlé Lake belong, without
exception to species also foind in India proper and only in one instance,
that of the cosmopolitan Ephydatia fluviatilis, can differences be found
even sufficiently great for varietal®separation. The most remarkable
feature of the fauna so far as these groups are concesned lies in its defi-
ciencies, above all in the apparently complete absence of Phylactolae-
matous Polyzoa. The three groups, thefefore, cast'no light on the
origin of the fauna and are of less interest than was perhaps anticipated.

PORIFERA. R

Only three species of sponges, all of them cosmopolitan as species,
are represented in our'collection. They are Spongilla lacustris, Spongilla
[ragilis and Ephydatia fluviatilis, perhaps the three commonest species
in the Holarctic Zone. The first two. however, occur as varieties only
known from the Orientak Region, while the last differs somewhat both
from the forma typica and from,thé Indian Yace himalayensis.” 1 have,
therefore, recognized it as a new variety under the name intha (i.e.,
literally, “ son of the lake "’ in Burmese).

»

Spongilla lacustris var. prolifcrens, Annandale.
1011, Spongilla proliferens, Annandale, Faun. Brit."Ind., Freshi. Spong:s, ele.,

p. 72, fig. 9.
1915, Spongilin lacustris var. proliferens, id., Mem, Ind. Mus. V, p. 28. -

o

This sponge was found in abundance in February and March in a
pond a few miles east of the town of Yawnghwe. Specimens were also
taken near the western shore of the Inlé Lake and in rice-fields west of
that shore. They agree with specimens from Calcutta and have the
characteristic buds well developed. Gemmules were also present in
most specimens.

~ This form of the cosmopolitan Spongilla lacustris has been found
at many places in the Indo-Gangetic Plain, Peninsular India and
man)
Burma.
Spongilla fragilis var. calcuttana, Annandale,
(Plate XXI, fig. 1).
1911, Annandale, op. cif., p. 06, fig. 15, y

Dried specimens of this sponge were found coating the house-posts
.1 3 x
of the monastery guest-house at Thalé-u on the eastern side of the lake.

»~
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They covered the wood for some inches above the water-level of the time
(the end of February) in a uniform layer 3:5to 4 mm. thick. The
-+ variety has been found hitherto only in”the Museum tank in Calcutta. 9

Ephydatia fluviatilis yar.' intka, var. nov. b
‘. (Plate XXI, figs. 2, 3).
« G (+)
The sponge forms spherical or irregular- masses not more than 5 cm.
v in diameter attached fo lax water-plants such as Ceratophyllum, and

oceasionally flat, somewhat mound-shaped growths on bamboo posts.
In each mass there is as a r‘ule a single large circular depression or a

‘,l oy

ot
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Ephydatia fuviatiles var, futha, noy

Fi6, 1.—Part of o transverse section throngh a small sponge (3 8), showing the regular
and well defined radiating spicule-fibres and w single gemmule in sitn.
Fri. 2,—Spicules, % 250. Several young gemmulespicules not yet fully doveloped are
Tehown ns well as fully developed spicules of the sume order and skeleton-
spicales. “{

group of such denressions into which several wide exhalent c¢hannels
open. Smaller exhalent channels, however, open directly on the surface,
The consistency of the sponges is always very soft, often quite unusually
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so.s The surface is fairly gmooth but, minutely hispid.* The colour -

is usually bright green. but sometimes, without apparent cause, the
chlorophyl bodies that produce ‘this colour are absent and it is’not un-
common for the upper half of a sponge to be green m}d the lower half
.\'em)\vixh white. Sponges~on bdmbgo posts are brownish vellow.

The skeleton. as might be ox’pou.‘?d from the softness of the sponge,
is very sparse’and the number of spicules smaller than usual in ~the
Spongillidae. Slender spicude-fibres can, however, be defff‘cted forming
an open and fairly even network in tle parenchyma. The radifting
fibds are more clearly defined than the connectisg fibres a.nd_can be
traced from near the centre of the sponge to the surface. They bl'fuarat.e
at fairly recular intesvals. On the surfacé they support the epidermal
membrane over a fairly exténsive subdermal space and project through
it as microscopic spines. '

There are no * bubble-cells.”” , = - ’

The skeleton-spicules are slender and sharply »pointed. Though
often a hittle irregular in outline. they never appear, even under the
highest powers of the microscope, graifular or spfiny. Abnormal
macroscleres of eruciform or bifid outling are not nncommorn.

There are no free microscleres. ) 2 ;

The gemmule-spicules are of the tvpe normal in the species, with
shafts considerably longer than a single rotule. They bear few but
often very stout and Igng spines, which project at a right angle. These
spines are often arranged in a circle round the middle of the shaft.
The rotules are unevenly and deeply denticulate but well-developed and
nornzal. a i

The gemmules are ver_\‘ sniall, spherical and of a bright welloy colour.
Their pneumatic layer is relatively thinand they are surrounded by a
single row of gemmule-spicules. The microphyle is crateriform viewed
from outside but contains a small tubule that projects at right angles.

Measurements (e millimetres). X
Length of hk('h'htlbspiu'llh' a.. 0:238—0-357
o Diameter of skeleton spicule ... e 00012
Length of gemmule spicule oe. 00028--0-032 ~
Dinmeter of ratule |, 042
06

Diameter of gommule .

Type-specimen.—No. P. 30/1. Zoological Survey of India (Indian
Museum).

The most noteworthy features of this variety are the extreme softness
of the sponge, which often collapses in drying into a mere slimy layer,
and the regularity of the arrancement of the radiating fibres of the
skeleton. The first of these characters, though always well marked,
is variable in degree. All the sponges from any one spot as a rule are
similar in respect to it, but 1 was unable to correlate extreme softness
with any factor in the environment. s

The skeleton-spicules differ from those of the Himalayan form?! of
the species in that they are not at all granular or spiny.

1 Eplgdatia fluviatitis subsp. homeloyensis, Annandale, Reo. Ind. Mus. VII. p. 138,
fig., 1 (1912). See also Journ, As. Soe,, Beugal, X1, p. 445 (1915).

-
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Habitat —Intermediate zone of the Inlé Lake and canals of clear
water in the neighbourhood.

Sporges were often extremely abundant among tliickets of Cerato-
phyllum not far removed from the edge of the lake. None were, however,
found in similar thickets in the centrpl region.  They appéared to Héve
become more abundant at the begnning of March than they were in
February and to have grown considerably in size. go

The canals of this sponge shelter quite a little fauna of annelids

- and“insects. No less than three species of the genus Chaetogaster
(Oligochaeta)! were found in them, namely Ck, bengalensis, Annandale,
Ch. annandalei, Stephenson, and ? Ch. limnaei, Baer, the identity of the
last, a_common European ‘spacies, being a little doubtful. ~All the

* insects found in the canals were il} a larvil state. They included at
least two species of Chironomidae (Diptera) a Sisyra (Neuroptera) and
a Trichopteron. The last lived free without constructing a case to
protect itself. The worms were living in young and flourishing sponges,
as was the case with the type-specimens of Ch. annandalei 2 in Japan,
The original examples of Ch. bengalensis ® were, on the other hand, *
attached to the bodies of mglluscs of the genus Limnaea, on which
also C'h. limnaei* has been found both in Europe and in the Kumaon

~ lakes in the Himalayas.
HYDROZOA.

The only Hydrozoon found in the Inlé Lake was Hydra vulgaris
Pallas. Numerous specimens were collected from a bamboo h(mso:
post in the intermediate zone near Fort Stedman. The post were over-
grown with sponges and Polyzoa. The specimens of Hydra were moder-
ately small and of a yellowish brown colour. They had five tentacles
and not more than two buds. None were sexually mature,

POLYZOA.

The only apecimens of Polyzoa of which I was able to find any trace
helonged to the Ctenostomatous genus Hislopia. The weed-thickets so
characteristic of the central region and the intermediate zone seemed to
provide ideal quarters for Fredervicella and certain species of Plumatella.
but a very careful and prolonged search at a number of places “failed
to reveal even a single statoblast.

o

L]
Hislopia lacustris, Carter. 2
(Plate XXI, fig. 4).
1868, Hislopia lacustris, Carter, Aun, Mag, Nat. Hist., 111, p. 170, pl. vii, figs. 1—3. e
1911, Hislopia lacustris, Aunnandale, Faun. Brit. Ind., Freshw.-Sponges, ste.,
p. 202, y
19017, Hislopia lacustris, id., Mem. As. Soe., Bengal, VI, pt. 1, p. 34.
~Hislopia lacustris occurs in very great abundance in all parts of the <1

Inlé Lake except in foul water in the marginal zone, It grows in uniform " 4

1 Stophensow, Ree. Ind. Mus., XIV, pp. 0—11 (1918),
2 Stephen=on, Mem. Az Soe., Bengal, 8[, P 88 (1917).

¥ Annandale, Journ. As. Soc., Bengal (n.s.) I, pe 117 (1905).
¢ Michaelson, Mem. Ind. Mus,, 1, p. 113 (1909),
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layers of great “extent over. house- -posts and fishing-poles. 1 figure a
young colonv just starting to spread over a bamboo. In this condmon
the zooecia are Tegular in shap® and uniform in size but as the colony-
becomes conoeqted many of them are distorted or dwarfed. This is the
cdfe to a still greater extent on the shells of Gastropod molluscs
(Hydrobioides nassa, H. physcus *Tatz intha, T. elitoralis and T'. shanensis), *
a comlderable"ﬁk)portmn of which are completely covered by its growth.
The four spines at the corner of the aperture are usually well developed”
and the aperture more or less quadrates In this respect the colonies-
from the Inlé Lake are more like those of the specimens figured by Carter
in his original description than any I have seen elsewhere.

The species has probably a wide range%n northern India and Burma.

L]
Hislopia malayensis, Annandale.

1917. Hislopia malayensis, Annandale, op. cit., p. 35, pl. i, fig. 9; pl. 1, figs. 1, 1a.

A single colony of this species, easily recognized by its fan-shaped
buds, was found on the stem of a reed in the intermediate zone of the
lake near Fort Stedman. I have recently found it growing in abundance
on the lower surface of bricks and tiles at the edge of the river Hughli

near Calcutta.
in the Siamese Malay States.

It was originally described from a small lake at Jalor -
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EXPLANATION OF PLATE XXI.

Fi6. 1.—Spongilla fragilis var. calcuttana, Annandale. Dried speci-
men from the Inlé Lake. > 1. :

Fres. 2, 3.—Ephydatia fluviatilis var. intha, var. nov. Specimens
preserved in aleohol. x 1.

Fic. 4.—Hislopia lacustris, Carter. A young colony on the inner surface
of a bamboo house-post. From a specimen preserved in
alcohol,  x 1.

Fra. 5.—Protective case of the larva of & Folypedilum (Chironomid
" Diptera) coverad with' the Protozoan Epistylis flavicans,
Ehr. From a specimen from the Inlé Lake fixed in hot

formalin. > 10,

The ease of the Dipterous larva i figured to show its resemnblance to certain species
of l‘hylm-tolacmniuu’s Polyzoa. When seen living it was mistaken for o colony of this
group until o microscopic exhmination had been made.  The lrva is described by Mr.
Baini Prashad in a separate paper included in this volume. 4
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CRUSTAGEA DECAPODA OF THE iNLE LAKE

L .
-

« ®a
By Sranvey Kewme, 'B.A., Superiniendent,
° » Zoologieal Survey of India.

A s Plates XXIV:XXV.

The collection of Decapod Crustacea made by Dr. Annandale and
Dr. F. H. Gravely inand near the Inlé LaRe in the Southern Shan States
. ¥ % < . -
comprises representatives of the following seven species :—

PoramoNipak.
e

Potamon (Potamon) browneanum, sp. nov. »
Potamon (Potamon) acanthicum, sp. nov.
Potamon (Potamon) curtobates, sp. nov.
]
PALAEMONIDAE. .

Palaemon naso, sp. nov,
Palaemon hendersoni, de Man.

s

ATYIDAE.

Carvdina annandalei, sp. nov.
Caridina weberi, proxs var. sumatrensis. de Man.

That five of these species should prove to be undescribed is remark-
able, and particularly that three of the new forms should be Potamoni-
dae, for the Indian species of this family have heen described by Aleock
fromy a great abundance of material, including the late Dr. John Ander-
son’s collection from Upper Burma. 2 -

The general resvlts derived from an examiration of the Decapod
fauna of the district agree with those obtained in other groups, especially
the Fishes and the Mollusca :—the fauna is in a large measure éndemic
and, in consideration of the past history of the region (see the introduct-
ion to this volume, p. 6), must be regarded as including a large
proportion of peculiar species some of which once spread over a much
greater area.  Like other groups of aquatic animals the Decapods of the
district appear for the most part to be specialized rather than primitive,

_Of the two prawns hitherto known, Palaemon hendersoni has a range
extendipg from the Darjiling district along the Eastern Himalayas to
Burma ; it is also abundant in the hills of Assam. south of the Brahma-
put’ra. The Burmese specimens differ slightly from those found in the
Himalayan regions and in Assam and possibly represent a distinet race.
De Man’s Caridina webert, described from Flores, Celebes and Saleyer
8 represented in the Shan States by a form similar in some respects
to the var. sumatrensis from the east coast of Sumatra, but in all prob-
ahility subspecifically distinct. Races of this species, some of which
undoubtedly deserve nominal recognition, oceur over the whole of the
Indian Empire, but until it has been possible to make a detailed study

.BA'SIN. ]

<
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of material fiom many different localities. it seems best to postpane
further consideration of the point.

*  The affinities of the undescribed species are with Burtiiese and Assam-
ese forms. To this there is, however, one exception, viz., Palaemon
naso, a species which perhaps differs from the others in being primitive.
The relationships of this prawn aré by no means clear 3, the unusually
weak development of the second legs suguests alliance t&ich such forms
as P. lamarrei. Milne-Edwards, and P. lanchesteri, de Man, both of which
are found in coastal districts.

Caridina annandalei seems to be the representative in the Salween
watershed of a curious little aroup of species in which the number of

_epipods,is diminished. The ‘only other two species of this group at

" present known inhabit streams at the base of the Eestern Himalayas.

Of the Potamonidae P. browneanum is allied to P. andersomianum
(Wood-Mason), a species of wide distribution in the mountains of Burma
and Yunnan. P. curtobates i related to P. pealianum (Wood-Mason),
hitherto known only from N. E. Assam and from the Kakhyen Hills
on the frontiers'of Burma ‘and China.

Potamon acanthicum is a vary remarkable form, quite unlike any
other Burmese species. It appears, however, to be a highly specialized

offshoot of the szme stock as P. andersonianum. The species is interest-

ing in its approximation to the subgenus Acanthotelphusa.

According to the observations made by Dr. Annandale Decapod
Crustacea are of greater economic importance in the Shan States than in
most inland parts of India. All the species mentioned in this paper
are used as food. In the State of Yawngwhé, in which the Inlé Lake
is sitnated, the Potamonidae are canght b¥ the hill tribes and brought
down into the village bazaars.ein whith Palaemon naso 18 sometimes
also on sale. The former are sold roasted, the latter raw and often alive.
The Atvidae. however, in spite of their small size, are of greater con-
sequence, for very large quantities are collected both for local consump-
tion and for escport to other parts of Burma and even, it is said, to Siam.
They are captured. chiefly as the water sinks in awtumn, in small traps
of hasket-work and in flat baskets inserted under floating vegetation 3
dried in the sun on bamboo mats and packed in large deep haskets. each
of which is two men’s load. They are carried by porters over the Fe-Ho
pass to the railway and on pack mules inland to the Simnvsg frontier.
One of the baskets used in their capture is fizured on Plate vii, fig. 1 of
this volitme, while one of those in which they are stored and transported
is shown in the photograph reproduced as fig. 3, pl. xliii, in vol. V of the
Memoirs of the Asiatic Society of Bengal.

Family POTAMONIDAE.

Potamon (Potamon) browneanum, sp. 1nov.

Plate xxiv, figs..1, 2

This species is<closely allied to Potamon (P.) andersonianum (Wood-
Mason), but differs from it and from all its varieties in a number of well-
marked features.
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The length of the carapace is about four-fifths its areatest breadth.

its outline in dorsal view bein much the same as in P. andersonianum :

e it 15, however, muzh deeper, the depth being almost or®quite three-fifths

of the length. The greater depth is, in the main, due to the fact that the

uppet surface between the.epigestric crests and the posterior margin

s decidedly convex, whereas it is*quit® flat in typical P. andersonianum

and almost flat in'dhe var. rangoonense of that species (pl. xxiv, figs. 1,2).

The Breolation of the upper surface’s faint. The mesogastric areola

is defined anteriorly by the bifurcation of the frontal groove and pest-

eriorly by the cervical groove; its antero-lateral .boundaries are al-

together invisible. The cervical groove is deeply graven posterigrly

and is distinct where jt cuts the post-orbitsl crests, but between these

two limits is very broad and shallow. Traces also exist of a groove

(very distinet, in P. andersonianum) on the epibranchial region, more or

less parallel with the cervical grooyve. The greater part of the upper

_ surface of the carapace is smooth. but in some specimgns fine rugae are

, visible hehind the epigastric and post-orbital crests. The epibranchial

, sregions are strongly tuberculous, the tubercles being fewer, larger and

_ 3 sharper than in the related species. The,side-walls bear oblique rugae
;
|

A which extend over the postero-lateral border and are visible from above.
The epigastric and post-orbital crests are similar to those of P. ander-
sontanum ; the former are obliquely truncate anteriorly and extend
> forwards in advance of a line joining the posterior horders f the orbits.
®  The post-orbital crests are straight, undermined and irregularly crenulate.

The surface of the front is coarsely granular : its margin, like the
upper_border of the orbit, is erenulate and in dorsal view is very deeply

] - -
. & AR
e e
R ~
’
o
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' Fra. 1.—Potamon (Paotamon) browneanum, sp. noy.
a, Outline of left side of carapace,
b, Third maxillipede,
¢, Abdomen of male.
4 - A . s "
, bilobed. This last character will at once distinguish it from P. ander-

sonianum or any of its varieties- The external orbital tooth is sharp
and is separated from the sarate lower horder of the orbit by a deep
noteh.

2
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The antcro-lateral horder (text-fig. 1a) is sharper and much more
strongly reflected upwards than in P. anilersonianum. 1t is separated
from the coarsely’ cranular epibranchial region by a deep smooth groove
and its margin, instead of being serrulate, is spinulose. At the posterior

" end of the border the spinules are sma!l and closely packed ; anteriorly

they are larger and more widely spaced ; the foremost is a large epi-*

branchial tooth which frequently bears one or mor./aranules on its
edges. b P

The antennular fossae apd epistome are much as in the related
form. The ischium of the outer maxillipedes (text-fiz. 1b) bears the
usual groove ; the merus is as long as broad and js rounded in outline,
rather than irregularly hexigconal as in typical specimens of P. ander-
SONIANII. ,

The chelae are more or less of 4 size. The merus is similar to that of
P. andersonianum, but the granylation is much crisper, the serrated
margin being spinulose and the tooth near the distal end of the inner
face becoming a sharp spine with accessory spinules at the base. The
carpus is smocther above. and is not, or not appreciably, umbilicate,
On the upper surface of the palm there are some small and inconspicuous
tubercles which extend a little way down the outer face ; the lower half
of the outer surface is quite smooth. The fingers are more compressed
than in the allied species and the teeth on their inner margins are much
larger. The dactylus is grooved in the usual way and bears some sharp
tubercles at the base of its upper surface. '

The walking legs are rather more slender than in P. andersonianum,
but the anterior margin of the propodus. as.in hat species. is double-
edged. The propodus of the penultimate leg is two and a half times,
and that of the last leg £ivice as long as broad.

In the abdomen of the male (text-fig. 1e) the length of the sixth
gsegment is rather more than half its greatest breadth ; the seventh is a

little broader than long. ! &
The carapace in 8ix specimens yields the following measnrements

(in mm.). .
: 3 3 3 g 0
Sex 6 o o ) = $ -'r. .
Tength 418 385 362 305 8T 335
Breadth o2:3 498 465 382 402 450
Depth 953 235 210 77 29.0 159

The eggs borne by an ovigerous female are very large, about 3 mm.

in diameter.

Potamon browneanum
(i) by its more convex upper surface,
scribed mesogastric areola, (iii) by the deeply
granulation, which, except on the chelae, Is every
cularly on the antero-lateral horders of the carapace,
of the orbits and the merus of the chelipedes, (v) by t]tp smooth outer
surface of the chelae and larger dactylar teeth and (\'l) by the more
slender propodus of the walking legs, From P. pealianum (Wood-
Mason), whizh it resembles in the convexity of the upper surface of the
catapace, P. browneanum i distinguished by the stronger curve and
sharper spinulation of the antero-lateral horders, by 'tho more deeply
bilobad front and the much less conspicuous frontal eminences.

mav he distinguished from P. andersonianum
! (ii) by the incompletely cirenm-
hilobed front, (iv) by 4he
where ecrisper—parti-
the lower howders

(S
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Dr. Annandale has given ue the following notes on the (.-nloumtvlon
of living specimens of this species. ** Dorsal surface ('_lau'k'«)]l\"t‘- ; upper
surface of walkife legs marbled with a paler shade. Tips of fingers
of large claw and of large spine on” same appendages white. Frontal

,and”orbital margins reddish broswn.  Ventral surface of body yellowish
white.” . " %

The species,"W#ich is named after Mr. C. E. Browne, Political Adviser
in the Yawnghwe State, is apparently not uncommon in the vicinity
of the Inlé Lake, but was not found in the lake itself. The specimens
are from the He-Ho stream, 3800 ft., from the Hsin-Dawng stream, near
Yawnghwe, 3300 ft., and from the neighbourhood of the Ngot bat cave,
4000 ft. They were found in February-atid March 1917, under stones
at the edge of running water and in holes in the banks of small streams.

The type specimens are from the He-Ho stream and bear the number
9763/10, Zool. Surv. Ind. N

”~

Potamon (Potamon) acanthicem, sp. nowv.

Plate xxiv, figs. 3, 4. .

The carapace is short and broad, the length being a little less than
three-quarters the greatest depth. The distance in thes middle line
between the cervical groove and the posterior border is conspicuously
less than the distance between the cervical groove and the epigastric
crests. The upper surface is strongly convex in both directions, the
depth being about half the greatest breadth (pl. xxiv, figs. 3. 4).

The areolation of the carapace is incompiste. The cervical groove
i8 visible only in the posterior part of its course and at the point where
it cuts the post-orbital crests; between these limits it is altogether
indistinguishable in adults, though sometimes obscurely defined in young
specimens.  As in 2. browneanum the antero-lateral boundaries of the
mesogastric areola are wanting, In the middle line behind the cervical
groove a pair of small lobules are distingnishable and behind these again
ate faint lateral grooves partially defining a cardiac areola. There is
no trace of an epibranchial groove. The surface is for the most part
free from any granulation, but is sparsely and coarsely pitted. As a
rule a pair of large and shallow pits are conspicuous on either side, placed
10 a transverse line in front of the posterior portion of the cervical groove,
Close to the antero-lateral margin in the vieinity of the epibranchial
tooth there is a small number (usually not more than half a dozen) of
rather large tubercles. On the side-walls of the carapace there are
inconspicuous oblique rugae which pass over the postero-lateral marging
and®are usually visible from above.

The epigastric and post-orbital crests are well defined and together
form a common curve ; the former extend rather far forwards and
would touch a line joining the posterior limits of the orbits.  The
edges of the crests are coarsel> pitted and have a rugose appearance :
they are not undermined, The -cervieal groove cuts the post-orbital
crests at an exceptionally oblique angle. The fissures between the
epigastric and post-orbital crests are deep.
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The frontal and post-orbita] regions are smooth, save for a large and
deep pit on the latter behind the cornea of the eye. There are two low
eminences on the front which do not conceal the margin when the cara-
pace is viewed from above, The front, in a true dorsal view, is seen to
be deeply and widely emarginate in tke middle, with the outer amules
a trifle produced ; it is thus very ‘obscurely quadrilobate. The upper”®
orbital border is smooth ; the onter orbital angle is langéand rectangular
and is separated from the obscurely crenvlated lower border by'a wide
notch. .

The antero-lateral border is strongly curved and very much slorter
than the postero-lateral, and is characteristic in structure. In the pos-
terior part of its course the Dorder is defined as a ridge bearing serrations
which gradually assume the form of spiaules from behind forwards.
In front of these serrations the margin is not defined as a crest, but its
position is indicated by a variable-nnmber of very sharp isolated spines,
the foremost being the largest. As a rule there are three of these spines,
less commonly two or four (text-fiz. 24, b); they vary considerably
in relative siz¢ and position and some of them occasionally bear a®
subsidiary denticle. .

The median tooth on the lower edge of the epistome is rather narrower
than usual. The surface of the epistome, together with a small portion
of the carapace on the outer side of each efferent branchial opening,
bears some voarse hairs. The ischium of the external maxillipedes is
grooved as usual and the merus is rounded in outline and as long as
broad (text-fig. 2¢). . On hoth ischium and merus there are some short
hairs. h .

The, chelae are unequal in both sexes, The two lower margins of
the merus are tubercular-and the customary tooth is present on the
lower surface near the carpal articulation ; on the upper surface there
are some transverse rugae. The carpus is very coarsely and irregularly
pitted above and there is usually a distinet depression or umbilration
near the chela. The inner margin of the upper surface, above the large
carpal spine is defined anteriorly by a blunt ridge and posteriorly by a
row of four to six tubercles. In old females! the larger chela is deen,
little ‘more than twice as long as broad in lateral view, the lower horder
is sinuous, being emarginate at the distal end of the palm, the fixed
finger is strongly curved with its lower edge convex and the fingers
gape very widely at the base (text-fi. 2d). In young examples of hoth
sexes, and in the smaller chelag of large females, the length of the chela
is more than two and a half times its breadth, the lower horder is nearly
straight and the fingers gape but little when the claw is closed. The
palin bears some transverse ragae on its upper surface, but is gtherwise
smooth both within and without, except for scanty pitting. Op the
outer side of the palm near the upper border there is a longitudinal
depression. There are longitudinal rows of pits on the fingers but rio
listinet grooves. The teeth on the inner marging are conspicuous in
small specimens and in the smaller chelae of large individuals. In the
larger chelae of well grown examples they tend to become obsolete at the
base. The pits on all the segments ‘of the chela are sometimes found

P 1 have not examined any large males,
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to contain shor® stiff bristles, but these are cempletely worn away in
tht majority of the specimens. : f
The second pair of walking legs is a little less than twice the length
of the carapace. The propodites, show only indistinct traces of the”
donble anterior margin found in P. andersonianum and. other species -
those of the penultimate pair w’;pr_v.ﬁom 21 to about 23 times as long as,

broad. The gusterior margin of each propodus is armed with from two %
to fowr spinules and ends in a sharpsspine. . p

-
Fia. 2.—Potamon (Polawon) acantlgcum, sp. nov, « s = L
a, b, Outdine of left side of carapace.
¢. Third maxillipede.
d. Chela of old female.
e. Abdomen of male.
By 5 3 . .
In a male (not perhaps fully adult)-the sixth abdominal somite is
half as long as broad at the base, while the seventh. which is triangular
is a little broader than long (text-fig, 2¢).
*  The measurements (in mm.) of the carapace in eight specimens are
as follows :— ;
Sex il paingrs L als 9
Length 23.7 1495 254 2540 249 235 217 19-2
Breadth 304 2606 355 357 348 323 302 255
Depth 155 138 167 169 164 15:5 141 12:5 .

Potamon acanthicum may be distingvished at a glance from all other
Indian Potamonidae by the character of the antero-lateral border of the
carapace. The sharp isolated spines with which the anterior part of this
border is provided appear to be an extreme modification of the serrate
or crenulate margin seen in most species of the subgenus Potamon ; they
differ widely in character from the large flat teeth found in Indian
species of Aeanthotelphusa. In Potamon niloticwm,* however, the type
gpecies of the subgenus Acanthotelphusa (and in a few other species all
found in Africa or Madagasear) the teeth are small, conical and irregular,

L Potamon (l’dr/l""f.‘lmv'l) naloticus (M.-Edw.), Rathbun, *Nouwv. Arck. Mus. Paria
(4), VLI, p. 238, pl. xiy, fig. 15 (1905),
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much resembling those «f P. acanthicum, whilst among‘accepted species
of the subgenus Potamon, Miss+ Rathbun’s: P. shensiense,® from Chiha.
may be cited as an instance of a form in which the crepulations of the
“antero-lateral margin have become gpiniform, though not to the same
axtent as in the species from the Shan States. -
The species seems then, so far ag the antero-lateral” border of the
carapace is concerned, to have undergone modiﬁcat-i‘g'i,_, on the same
lines as P. (Potamon) shensiense and P. (Acanthotelphusa) nileticum
and its allies, though it is, in my opinion, clear that it is not closely
related to either. Except in th2 matter of the antero-lateral border
P. shensiense shows the closest affinity with P. denticulatum (Milne-
Edwaeds) ; it differs widely from P. acanthicum in the form of the epi-
_gastric and post-orbital crests. In P. niloticum the longitudinal groove
on the ischium of the third maxillipedes (found in P. acanthicum and

* most Potamonidae) is absent, and there are great difierences in the form

of the carapace and its areolation.

P. acanthicum raust, 1 think, be regarded as a highly specialized
offshoot of the ancestral stock that gave rise to P. andersonianum and
its allies. So far as 1 can discover no closely related forms are known
to exist, and the evidence obtained by Dr. Annandale regarding the
other elements of the fauna of the Inlé system points to the conclusion
that it evolved inl the locality in which it is now found. The develop-
ment of spines in place of serrations on the antero-lateral border of the
carapace appears to have originated independently in P. acanthicum,
L. shensiense and P. niloticum, and is thus an instance of convergence.®

The colouration of living specimens of P. acanthicum is very striking :
Dr. Aanandale has kindly supplied me with, the following note. ¢ The
dorsa® surface'is black or vary dark zreen, except that the deep groove
running across behind the orpits®s pale greenish yellow with a blackish
margin in front, The upper half of the chelae, including the whole of
the movable finger, is densely marbled with pale olive and greenish
black ; the lower half, including the immovable finger,is pale vellowish.
This particoloured character extends to the whole appendage. The

u 2 . " .
articular membrane at the base of the claw is scarlet?  The walking legs

! Rathbun, Youw. Arch, Mus. Paris (4), V1, p. 262, pl. ix, fig. 8 (1904). 4

* There is one other point, not porhaps altogether disazsociated from a discussion
of the affinitics of P, acanthicum, to which I would like to refer. 1t concerns the statas
of Acanthotelphusa as detined by Aleock. That the members of this subgenus have been
evolved from Potamon, & &, will [ think bo gencrally admitted, but I am not convineed
that, the dividing line between the two spbgnneru is rightly placed.  The charncters of
Acanthotelphnsa given by Alcock nre two,—* that the antero-lateral borders of the eara-
pace are oub into lange tecth or spines, and that th(.- upper border of the merus of the
oholipeds bears & subterminal spine.”  This description isin perfect agreement with the
Indinn species, but applies less well to Potamon nilolicion, the type of the suhgenus,
In the Egyptian spocies the teoth of the antero-lateral border, as hns already been pointed
aut, are emall and ireegular in their disposition and the subterminal spine on the uppeér
horder of the mees of the chelipedes is, in females af nny rate. nun-c.wxmtmnt. On the
other hand the groove on the surfuce of the ischinm of the third maxillipedes is absent
in P, niloticum, ws it is in certain of the Indian species, and this is a rare character in
Potamoridae,  Judging from the limited material at my disposal I am inclined to think
that the Indian specios referred by Alooek to Acanthotelphuse differ more widely from
P, niloticum than the latter does from typical specios of Potamon, 5. s, 1f this proves
to be the case, Adanthotelphusn must once more revert to the synonymy of Polamon,
while a now subgenoric dnme will be necessary for the Indian species and their allies.
(8re Postseriptum, p, 101.) A
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are dull olivaceolis speckled with black. The véntral surfgee is vellow-
ish and the mouth-parts are 8tained witn dull olive. Individuals from
the Inlé Lake areyusually more brightly coloured than fhose from streams
in the same district.” 53

oThis is apparently the only qrab that makes its way into the central
region of the Inlé Lake, on’the bottam of which it is occasionally found.
It is more abuweant among the roots of the floating islands at the edge
of the #ake, and also frequents small Nill-streams. ;

The specimens in the collection are from Yawnghwe State : from the
Inlé, Lake, 3000 ft., and from He-Ho®*stream, 3800 ft. The types,
which are from the former locality, bear the number 9771/10, Zool. Surv.

Ind. .

Potamon (Potamon) curtobates, sp. nov. !

Plate xxiv. figs. 5. 6.

This species is allied to P. abboiti, Rathbun, P. inornatum, Rathbun,
and P. pealianum (Wood-Mason), but differs from afl in the extreme
depth and convexity of the carapace. . *

The length of the carapace is a trifle less than three quarters its
greatest breadth ; it is thus comparatively short and broad. The depth
is always conspicuously more than half the greatest bregdth (pl. xxiv,
figs. 5, 6).

The cervical groove is well defined posteriorly and the?point where
it cuts the post-orbital crests is usually clear ; in the intermediate part
of its course it is exceedingly obscure.  The mesogastrie areola is remark-
ably l__n'oa(l, its greatest breadth being almost or quite equal to one-third

o o

.

e Fi. 3. Potamon (potamon) curtobates, sp. nov.
a. Outling of left sido of carapace.

b. Third maxillipede.

e. Abdomen of male,

the breadth of the carapace. {In P. pealianwm it is only one quarter
the breadth.) The antero-lateral houndaries of the areola ape usnally
obsolete in specimens of medium size, but are visible in a very old male.
The two small lobules hehind the posterior limit of the cervical sroove
are not as a rule completely defined.  The upper surface of the (‘a.l‘apa(:o
is very strongly convex fore and aft and slightly so from side to side H
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it is for the most part $mooth and shining with a very fine microscopic
aranulation. Near the antero-lateral borders it is conspicuously tiber-
cular, the tubercies taking the form of short transverse rugae, rather
larger than in P. pealianum. 1In the latter species the sub-branchial
recions are not visible in dorsal view heyond the antero-lateral boxgler.
In P. curtobates, much as in P. abbo#i and P. inornatum, these regions are:
inflated and are visible from above up to the point w(}mre the carapace
is broadest. The sub-branchial regions are covered with coarge rugae
that extend a short distance over the postero-lateral border.

The epigastric and post-ofbital crests together form a common
curve. The former are swollen and are rounded in front, without the
sharp edge seen in P. pealiataon. They are almost entirely smooth and
extend further forwards than in the allied species, projecting considerably
beyond a transverse lirie joining the posterior limits of the orbits. The
post-orbital crests are separated from the epigastric by a conspicuous
furrow and are very deep in frontal view : they are obscurely rugose
near the cervical ‘groove and beyond this point break up into coarse
rugae, the foremost of these on the epibranchial region.  The post-orb-
ital crests are situated very close to the orbits. the base of the declivity
almost touching the inner corner of the upper orbital margin.

The front s strongly deflexed with a broad and shallow median
emargination. The edge itself, as in P. pealianum, is concealed in dorsal
view by a fair of large post-frontal eminences. These eminences are
coarsely pitted and bear fine transverse grooves, they are not, however,
tubercular. The median longitudinal furrow that separates the epi-
gastric crests is continued forwards on to the front.

.The, antero-lateral bgrder of the carapace (text-fig. 3a) is more
strongly arched than in 2. pealianwn and is closely serrate throughout
with a prominent epibranchial tooth.

Both upper and lower orbital borders are smooth. The external
orbital tooth is small but acute and is separated from the lower urbital
border by a wide and inconspicnous emargination. The antennular
fossae are narrower and more eramped than in . pealianum. The
ischium of the external maxillipedes (text-fig. 3b) is grooved in the
usual wayv and is covered with coarse pits bearing stiff hairs. The
merus is 'gimi]nrl_\r pitted, especially on its thickm.wd postero-mternal
margin ; it is about as long as broad, narrowed anteriorly and obscurely
angled antero-laterally.

The chelipedes are unequal in both sexes. The merus is finely rugose
externally and, of its two lower edges, the inner is tuberculate and the
outer finely serrate (coarsely tubereulate in P. pealianum). In, the
chelae the lower half of the outer surface of the palm is nearly smooth
except for some coarse pitting ; the upper surface is strongly rugalose,
The dactylus bears a few tubercles on its dorsal surface near the hase.
The teeth on the inner marging of the fingers are conspicuous. In the
larger chela the fingers gape considerably at the base in all the speci-
mens, but not to the extent seen in P.acanthicum.

The legs are normal in length, those of the second pair heing about
twice the length ‘of the carapace. They are rather stout, the propodus
of the penultimate leg being about two and-a-quarter times and of the

[/
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ulfimate leg a {lttle less than twice as Jong asProad. Tke anterior and,
posterior borders of the prapodi are rounded, not keeled as in P. peal-
ianum and theespinules on the posterior border aré very small and in,
conspicuous. *

® In the male abdomen, the Jength of the sixth segment is from one-
half to two-thirds the basal breadte The seventh segment is triangular®
a little broadeigthan long (text-fis. 3¢). s

-

The measurements (in anm.) of the carapace in four specimens aré
as follows :—

-
®  Sex B f e s a7 3 N tathe g
Length M1 32.2 2540 32-5
Breadth 570 " 448 384 -
Depth ... 31-7a 26:2 32:2 250

-

1 have compared this Species with specimens of P. pealianum and
have pointed out numerous differences in the course of the description
given above. . abbotti, Rathbum, and P. inornatum, Rathbun.* which
I have not seen. appear to be more closely allied, especially the latter.

In P. abbotti, which occurs in the Malay Peninsula, the carapace is
proportionately narrower than in P. curtobates. about four-fifths as long
as broad. the post-frontal crest is tubetculate, the median suture is not
defined in front of the epigastric lobes, the pahns of the chelae are,
rougher externally, the legs are more slender and thé penultimate seg-
ment of the abdomen of the male is shorter. P. inornatum differs in
its narrower carapace, more strongly inflated laterally, in the merus of
the external maxillipedes which is more square in outline, and in the
much broader terminal segments of the abdomen of the male. Other
distinctions will doubtless he found on actual comparison of specimens.

Four specimens of P. curtobates are in the collection, obtained for Dr.
Annandale by Mr. €. E. Browne. Tliey tvefe found in rice-fields near
Yawnghwe. The types bear the number 9775/10, Zool. Sure. Ind.

o

Family PALAEMONIDAE.
*Subfamily PALAEMONIN AE.

o

Palaemon naso, sp. nov.
Plate xxv. figs. 1-5.

The rostrum in this species is unusually long. in individnals that are
apparently full-grown extending bevond the end of the antennal scale
by about one-third of its length (;')l. xv, figs. 1. 2). In specimens
between 30 and 40 mm. in length it is proportiunatol_\,' rather shorter,
reaching bevond the scale by about one quarter its length. 1In its
proximal half the rostrum is straight, but towards the apex is very
strongly reflected upwards : the upper margin is always conspicuously
concave in front of the eye. There are, inall, from 8 to 11 dorsal
teeth (nearly always 9 or 10)* and from 5 to 8 ventral teeth (nsudlly

L A dopg sy o T BEESES ARy N e
L Rathbun, Proe. Biol. Sve. Washyington, XTI, p. 27, pl. 1 (1898).
* Rathbun, Nowe. Aveh. Muy, Parix (4), VI, p. 311, pl. xivefig, 1 (1904).,

1 Of fifty specimens four have 8 dorsal teeth, twenty-four have 9, twenty have 10
and two have 11.

-

“
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5 or 6, veryrarely 8).% The rostrum begins as a dorsal crest a litle
in front of the middle point of the carapace. The dorsal teeth are
large and i front of each there is a fringe of five setae. The three
posterior teeth are, as a rule, situated on the carapace ; occasionally
the third tooth is placed immediately ever the orbit. The posterior
teeth are rather widely spaced ; the three or four on the basal half of
the rostrum proper are a little closer together. Near¢/lfe apex there
are from one to three rather small’ dorsal teeth, which are sométimes
s0 clese to the tip as to give it a bifid or even trifid appearance, and bet-
ween these and the teeth on the 'proximal part of the rostrum there is
usually one tooth, remote from those before or behind it.  On the lower
border the teeth are large, witn fringes of setae as gn the upper margin ;
they are rather crowded at the base, but maze distantly spaced towards
the apex. There is no well marked lateral keel on the rostrum.

The carapace is smooth, without trace of roughness or spinulation.
The antennal tooth is situated a little behind the frontal margin. The
hepatic tooth is below the level of the antennal ; beneath and behind it
there is a deep longitudinal depression.

The eve 1s short and broad ; the breadth of the cornea is ahout one
and a half times the dorsal length of the stalk. The ocellus is well
marked as usual,

The antennular peduncle is normal in form. The lateral process
of the basal segment ends in a tooth that reaches beyond the middle
of the second segment. The dorsal lengths of the second and third
segments are about equal. The shorter ramus of the outer antennular
fagellum is fused basally with its fellow for a distance equal to less than
one-fifth of its total length, the fused portidsn fomprising some eight or
nine écglflcnté. The shostbr ramus, viewed from above, is strongly
serrate externally. The antennal scale is parallel-sided, with the outer
margin nearly straight ; it is about three and a half times as long as
broad. t
The mandibular palp is composed of three segments. The third
maxillipedes reach almo.t to the end of the second segment of the anten-

nular peduncle.

The Srst peracopods extend to the end of the antennal scale in spec-

imens of moderate size. In large iudividux_mls they are proportionately
a little longer, reaching beyond the scale by half or more of the chela.
The merns is little more than three-quarters the length of the CATPUS.
The carpus is about two and a half times as long as the chela and the
fingers, which bear tufts of setae, are about equal in length with the
palm.

The gecond pprge()p()ds (pl XXV, fisr. 3) are almost or (]llit;(‘! (_"Llllﬂl ‘,
they are smooth, slender, and do not differ in the two sexes. They are
never more than half the total length of the animal and apparently do
not attain the estreme development met with in many species of the
genns.  In well grown individuals they reach bevond the antennal secale
by thechela and sometimes by a small portion of the carpus also,
reaching beyoud the end of the rostrum by a portion of the finger-length.

L OF fifty specimons vighteen have B ventral tooth, Jwenty-six have 6, five have 7
and one s 8.

Al

e
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In examples bétween 30 and 40 mm. in lengtl'they are a, little shorter,
The proportions of the diffifrent segments may be deduced from the
measurements given helow. TFhe carpus is longer than the merus and,
the merus than the ischium. The dactylus is a shade shorter than the
palm and the entire chela is.a fittle longer than the carpus. The
chela is slightly curved and thie fhszers are without any trace of teethe
on their inne gnargins. L4

The last three pairs of peracopods are slender and similar in length’
the fifth being slichtly the longest. When stretched forwards they all
reach bevond the antennular podun(-h?. but fall short of the apex of the
scale. The merus of the third pair is a little more than nine times as
long as broad and isabout one and a thirdstimes the length of the carpus.
The propodus is slightly skorter than the merus and is very néarly four
times the extreme length of the dactylus. In the fifth pair of legs the
propodus is proportionately longer.and is about one and a sixth times
as long as the merus and seven times the length of the dactylus. The
merus is rather less stout than in the third pair and is one fifth longer
than the carpus. There are series of spirles on the posterior border
of the propodi of all three pairs, but nane on the merus. At the distal
end of the fifth propodus there is a thick fringe of setae. There are
setae also on the dactylus, which is simple, slightly curved and with a”
large terminal elaw (pl. xxv, fig. 4). The branchial formula is the same
as that of other species of the genus.? v

The sixth abdominal somite, measured dorsally, is about one and
half times the length of the fifth and about two-thirds as long as the
telson. The telson bears the usual two pairs of dorso-lateral spinules
and ends in a rather broad®apex which is produced to an acyte point.
The innermost of the two pairs®of terminal spinules are very long, ex-
ceeding the produced apex of the telson by at least two-thirds of their
length (pl. xxv, fig. 5). "

The appendix masculina is fully developed in specimens less than
a5 mm. in length. The largest individual is a male 72 sam. in length.
Unfortunately none of the females are ovigetous. Seven specimens

svield the following measurements :— )
B g =
B z 2 NECOND PERAEOPOD @ LENGTH OF
4 i &L AR
33 =2 b1 =
g = E -~ O @
= =8 PN g ! - =
3 = % = s El = 2 £ oy
PR IR - R S O el
7 - == S B 2 & = S & =
L ‘-
) iy a5 0 52 51
8 7 4D 81 49 43
3 56 342 88 4q L g
3 585 I8+ T2 §4.2 41
s 7 274 G2 34 ° 33
@ St 255 (1| 33 a1
3 335 15-8 4:3 2.3 20

L Ay tabulated by '(.'uulil’-n;, Ann, Sei. Not., Zool. (8), X111, p. 270 (1801).
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« In a series @f several Rundred specimens, which includes many males

¢ % : °
with the appendix masculina fully developed, the second pemoopn('ls

are slender and inthriably short, not exveeding half tle total length ;
it may be assumed, I think, that they® never attain any greater develop-
mient. In this respect the species appearseto bg primitive and resembles
®such forms as Palaemon lamarrei,t 8BIne-Edwards, and P. lanchesteri,® ®
de Man. With these it has perhaps some real affinity. i it is readily
« istinguished from both by the chhracters of the rostrum and bY the
proportions of the different sesments of the legs. The development
of the rostrum is unugual and shduld probably be taken as evidenceeof
speciaization. : .
The single male, 66 mm. i Ignoth, described by, de Man from Holl-
o andia in®*North New Guinea as Palaemon WEupalaemon) sp.® appears
to be closely related to P? naso. THe rostrum, with 11 teeth above and
o 5 below, is similar, except that it ig not quite go deep in lateral view.
The second poracnp::ds are short ; buf the proportionate lengths of the
different. segments are rather different (merus 7-5, carpug 10, palm 1.5,
fingers 6:5), the Jdingers being nearly one and a half times the length
of the palm. The fifth legs are ppuch longer, reaching beyond the anten-
nal scale by the dactylus and the distal third of the propodus.*

s Palaemon mullidens,” Contiére, from Madagasear, differs in its shorter
rostrum with more numerous dorsal teeth and fewer ventral teeth.
The second pefacopods are proportionately much longer and the palm is
shorter than the fingers. The fifth legs reach heyond the apex of the
rostrum. ’

De Man's P. singtangensis,® from Borneo, differs widely in the form
of the rostrum and the second peracopods #re greatly developed in
adult®, fieir fength equallh®y that of the body in males only 57 mm. in
length.  The segments bear spinules in adults and in their proportionate
lengths differ so:newlmt from those of P. naso: there are some small
tapth on the inner edges of the fingers, e

Dr. Annanglale has given me the following note on the colouration
of living specimens of P, naso. * General colour greyish. Rostrum
dark grey. Antennae and antennules reddish.  Fingers of chelae tingeds — ©
with red : a reddish ring on each joint of the large claw-legs. Dorsum
of thorax clonded with grey ; a small grey spot at each side neat the
upper limits of the lateral Surfam: on a level with the base of the rost-
rum. An irregular grey bar sloping backwards and downwards from
the lower orbital margin; another, still more irregular and broader,
parallel to it a short distance Rn§tc~riorly : a backwardly directed lunate

* mark of the same shade about the same distance behind the second bar,
and finally a third irregular bar directed straight downwards ,partfy
within the lunate mark, a short distance in front of the posterior margin

I [y Man, Ree, Ind. Mus,, 11, p. 222, pL six, fig, 491008),

® Dg Man, Notes Legden Mus.. XXXTIL, p, 264 (1911) ;. nom, nov. for P, paucidens,
Lanchestor, Proe. Zaol. Sor, London, 1901, p. 568, pl. xxadiiy g, 4.

3 Do Man, Z8al. Jakrh, Syat., p. 427, pl. xxix, i 10-12 (1015),
4 The word ** onepus " in the lust line of de Mgn's deseription is evidently o misprint
for ** propodos.” .
. 5 Coutidre, Ann. Sei. Nat, Zool. (8), X11, p. 327, pl..xi\'. figsedt), 40a (1001),

¢ De Man, Notea Leypden Mus,, XX, p, 138, pl, vi (1898).
o
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of the thorax. A crevish spot on each gide of fhe posterigr margin of
each ahdominal segment and above it a bar of the same colour extend-
ing across the dortal surface. Telson irregularly crosstharred : uropods
mottled or clouded.” =
* The Intha fishermen ,dens that they are acquainted with any

o - . », .
prawns of larger size and state that™fieze are never found in the lake,

only in streams®amd rivers, They say that in cold weather prawns are
attracted in large numbers tospots where hot springs flow into the river,
but it is uncertain whether their statement refers to this or to the succeed-
ing species.” > >

The larger specimens in the collection, several hundred in number,
were obtained alive in,the market at Nan-Pan. They were said to have
come from Sizon in the Tanedo circle of Yawnghwe State in the river
that runs south from the Inlé Lake® A small Specimen was obtained
in a spring of slightly warm water close to Fort Stedman. within about
half a mile of the lake. The types bear the number 9777/10, Zool. Surv.

Ind.

¢

Palaemon hendersoni, d¢ Man.
1007. Palaemon (Parapalasnion 7) hendersoni, de Man, Trans, Linn. Soc. Zool.
(2), IX. . 446, pl. xxxiii, figs. 60668, .
1910, Bithynis (Parapalacwion) kendersoni, Rathbun, Buwll. Mus. Comp. Zool.,
Hervard, L1L, p. 316, pl. v, fig. 3.
1013, Palaemon hendersoni, Kemp, Ree, fad. Mus, VI, p. !l(“L'!. pl. xix, figs.
19.23.

Four specimens of this species were obtained by Dr. Annandale in
the He-Ho stream, Yawngwhe State, at an altitude of 3800 ft. The
largest individual is a full=greavn male 65 mm. in total length and with
carapace 19 mm. in length. guo ¥ A2 A T ¥

The rostrum is longer than in tvpical specimens from the Darjiling
district, reaching a little bevond the end of the antennular peduncle.
[t begrs from 9 to 11 dorsal teeth. of which 3 (in one case’only 2) are on
the carapace. Thete are in each case 3 ventral teeth.

In the large male the longer chelipede of the second pair is about
60 mm. in lenath, extending beyond the apex of the antennal secale by
the chela and one half of the carpus. The ischium i8 10 mm. in length.
the merus 11 mm., the carpus 9 mm.. the palm 16:7 mm. and the fingers
15-4 mm. The earpus is 4-4 mm. broad at the distal end and the palm
60 mm. in breadth and 4-9 mm. in thickness. In this individual, as
well as in a smaller example only 40 mm. in total length. the fluting of
the fingers of the second peracopod is elearly shown.

In the lencth. number and position of the rostral teeth the Inlé
spcimens differ slightly from those described by de Man and from those
recorded from the Abor country, and examination of series from the
Datfiling district, the Abor country, the Garo Hills and the Swa Reserve
Worest in Burma seems to indicate that in respect of the rostrum there is
a small but constant difference between Burmese specimens and those
from Assam and the Eastern Himalayas. 1 defer further discission
of this point until 1 have hade the opportunity of examining in  detail
the large accumulation of imnamed Palaemonidae in the Indian Museum.

Palacmon hendersani is usnally of an olivaceous colour in life, with or
without darker mnrkingﬂ. The colouration of specimens from the Dar-
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jiling distrigt is dmrri‘bw] by Dr. \nnmnl.nlo thux — Pala translucent
vellowish olive. A dark brown vertical*bar on each side of the first
abdominal segmént and a mid-dorsal streak of the same colour on the
first three abdominal segments.” The smaller specimens from the
He-Ho stream were * of a uniform dark greyish olive,” but the lfrge
male was strikingly different. Da~*Arnandale notes that ** it was dark
blte like a lobster, except for pale bars on the walkiggtegs, pale edges
to the outer uropods, pale tips to'all the usopods and the telson and the
palg fingers of the chelae, the tips of which were reddish. Dr. Annan-
dale’s observations on P. hendersoni in the Darjiling district an@ my
own in the Abor country and in the Garo Hills indicate that the deep
blu& colour seen in this individual does not ocepr even in the largest
males Yound in Assam and the Eastern Hamalayas.

Palaemon sp.

A number of small specimens of Palaemon were found among weeds
in a small spring of warm water near Fort Stedman, together with numer- *
ous examples of Caridina webgri prox. var. swmalrensis and one young
individual of Palaemon naso. "The specimens, the largest of which is
male 30 mm. iy length with the appendix masculina to all nppmmncm
fully developed, agree in general appearance with P.hendersoni. The
rostrum is similar ‘with 9 to 11 teeth above (2 or 3 of which are on the
carapace) and with 3. 4 or 5 below. The carpus of the second peraeo-
pads is, however, of much greater proportionate length, being in every
instance considerably longer than the palm. In the male 30 mam. in
length the second peracopods are well develtped reaching bevond the
antennal sedle by the chgfh and a fortion of the carpus.

At present our knowledge of the Burmese gpecies of Palaemonidae
is very scanty and I am unublv to gsay whether these specimens belong
to a-small species of Palacmon, hitherto undescnh(-d or whethersthev
represent a (lwarf«*(l race of some known form.

A .

Family ATYIDAE.

: Caridina annandalei, sp. nov.
Plate xxv. figs. 6-15.

The rostrum usually reaches about to the end of the second segment
of the antennular pmhmcln . in young individuals it is shorter, samonmoe
extending only to the end of the first segment, while in very large %pom-
mens it may reach beyond the middle of the ultimate segment. In
lateral view the rostrum is rather strongly depressed, but the tip is fre-
quently a little upturned (fie. ).  On the npper horder, which is strongly
convex, there are from 11 to 26 teeth (usually 14 to 23)1; in most in-
staness these teeth streteh uninterruptedly from base to apex, but not

1 Of one hundedspesimens two have 11 do:sal teeth, one hax 12, five have 14, seven
have 15, cight have l& urteen havo 17, eleven hay IR, fmu‘h'-‘n have 19, fiftoen have
20, five have 21, six e 22, five have 23, two have 24, two have 25 and three have 26,
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infsequently the distal sixth or seventh of the rostrum®is unarmed. *
The teeth in the middle of the series are the mosts crowded and the
posterior 2 to 4" (usually 3) are sijuated on the carapace behind the °
orbit. The lower margin of the rostrum bears from 2 to 6 small teeth
(usually 2 to 5, very rarely+l),! dituaged in the distal third of its length.

At the lowgs angle of the orbit there is a narrow projecting lebe,
furnished with s®ae, and immediately below a sharp antennal spine, *
The antero-inferior angle of the carapace is rounded. % 3

The eyes are normal.  The antennular somite is not dorsally carinate.
The”antennular peduncle (fig. 7) reaches to, or a fittle beyond the tip
of the spine on the antennal scale. The laferal process does not narly
reach the end of the®basal segment. The second segment is leng and
slender ; in dorsal view its length is quite two and a half times its basal
breadth. The antennal scale (fiz. 8) is slender, from three and a half to
rather more than four times as*long as broad : its outer margin is
distinetly concave. . L
. The epipod of the third maxillipedes is short and pointed.

The carpus of the first peracopods (fig. 9) is from 3-0 to 3-4 times as
long as its distal breadth ; ravely it is stouter, sometimes only 2-4 times

. . - .
as long as broad. The sexment is remarkable for the entire absence of »

the excavation at the distal end. The second peracopods (fie. 10) are
slender and reach a little beyond the middle of the second sggment of the
antennular peduncle. The carpus is from 74 to more than 8 times as
long as its distal breadth ; the chela is from 4} to 5 times as long as
wide with the fingers from 1} to 11 times the length of the palm.

In the third peracopods which reach about to the end of the anten-
nular peduncle, the propodus is fronf 2:7 to F3 times the length of the
dactylus (fig. 11). The latter segment is slender and bears from 8 to 12
spines (fig. 12). The fifth peracopods are about the same length as the
third, but the dactylus is proportionately longer. the propodus being

from 22 to 25 times its length (fig. 13). »The spinules on the dactylus
vary in number from 44 to 66 (fiz. 14) and appear to be least numerous
in males,

* There are as usual eight branchiae and, in addition, the distal end
of the epipod of the second maxillipede is divided into a small number
of plumes which doubtless have the function of gills. The epipods on
the first two peraeopods are fully formed ; that on the third pair is small
and rudimentary and that of the fourth pair is entirely absent.

The form of the endopod of the first pleopod of the male is shown
in fig. 15.

The telson is a little longer than the sixth somite ; its apex is broadly
truncate and bears 6, 7 or 8 slender spines between the small spinul';s
at its lateral angles. In addition there are from 3 to 5 pairs of dorso-
lateral spinules. The spinules on the outer wropod vary in number
from 9 to 13. ' A

The eggs are very large ; when freshly extruded they are ghout
09 mm. in length and 0-55 mm. in breadth. When aboat to hatch

2
1 Of one hundred speeimens one has only 1 ventral tooth, fourtesn have 2 teeth,
thirty-one have 3, thirty-two have 4, fifteen have 5 and seven have 6,

. K
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they are about 1:0 mm. by -5 mm. Ovigerous females carry caly
from 15 to 25 egus. {

Large specimens reach a total length of about 17 mm.

Caridina annandalei is allied to C. ercavata, Kemp,! and C. hodgartt,
Kemp,? from Assam, the three speaes differing so far as is known from
all ather members of the genus in the absence of the epipod at the base
of the fourth legs. In other respects also they show sigits of close affinity.
Classified according to the scheme outlined by Bouvier in 1913 3 all three
would take a position near Curidina nilotica. from which, however,
they differ in a number of conspicuous features. In addition to the
absence of the epipod on the fourth legs the species resemble each other
in thei. slender build, in the comparatively greaf proportionate length
of the antennular pedancle, in the slightly marked or non-existent
excavation at the distal end of the carpus of the first pair of legs and in
the possession of large eggs.  The Rpecies may be distinguished thus :—

I. Rostrum long, extending at least beyond end of anten-
nular pedunele, the distal part of its upper margin
without teeth ; 2nd segment of antennular peduncle
not more than twice as long as its basal breadth ;
earpus of lst peracopod slightly excavato distally,
that of 2nd peracopod less than 6 times ag long as
broad ; dactylus of 5th  leg about one-third the
length of propodus.
A. Bostrum reaching bevond antennal scale, with a
smalt subtermingel tooth on upper border 3 orbital
noteh not unusually deeply excavated ; antennal
seale 4} times as long as broad ; carpus of 1st
peracopods about 11 times, that of 2Znd ahout
3 times as long as broad ; duetylus pf 3pd peraco-
~ ' v pod with 6 or T teeth, that of Sth with about 25
teeth ; cgps O°S o in length vee O, hodgarti.
B. Rostrum not reaching beyond antennal soale, with-
out a subterminnl dorsal tooth ; orbital notch
very deeply oxcavated ; antennal scale about
3 times as long as broad ; carpus of 15t peracopod y
about 3 times, thet of 2nd about 5} times ay
long a8 browd ; dactylus of Srd peracopod with
8-10 teoth, that of 5th with 40-50 teeth; ogps
about 1 mm. in length ... e O pzoavata
11, Rostrum short, not reaching end of antennular po-
duncle, with teeth throughout the length of its
upper border ; 2nd sugxm-n!. of antennular peduncle
2% times as long as it4  basal breadth; earpus of
15t peracopod not excavate distally, 3 to 3§ times as
long as broad, that of 2nd more than 7 times as
long as broad ; dactylus of 5th leg less than one
third the length of propodus. [Antennal seale 3
to 34 times as long as broad; dactylus  of Grd
peracopod with S-12 teoth, that of Hth peracopod
with 44-66 teoth ; eggs 0:9-1:0 mm. in length] vee L annandaler,

Caridina annandaled i very abundant among green weeds in all
parts of the Inlé Lake * and is also common in flooded rice-fields and
waterways in the Yawngwhe plain. In these localities it occurs at
an altitude of 3000 f6. It was also found, though less plentifully in the

1 Kemp, Ree, Fnde Mas,, VILE, pe 306, pl. xx} figs. 3235, pl. xxi, figs. 36, 37 (1913),
2 Kemp, ibid., p, 8300, pl. xx, tigs, 20-31, pl. xxi, fige, 38, 30 (1913).

3 Bouvier, Lrans Linn. Soc. (2), Zool,, XV, p. 162 (1913),

¢ Oyigerous females woro found only in the lake.

"
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He-Ho river, at 3800 ft.. among the roots of trees and ander floating .

leaves and tiwigs. . :

Dr. Annandale has supplied me with the folloﬁ'ing notes on the -
colouration of living specimens.—* Individuals from the open part of
the lake were translucent but apeckled more or less densely with dark
olive green and shining white. O the sides of the thorax the dark =
specks tended=tg congregate in three broad vertical bars, but in=this
respect the colouration was variablé. In darker individuals somewhat’
indefinite cross bars could also be detected on the posterior margin of .
cach abdominal segment. Individualk from the, black water of the
He-Ho river were speckled with black or very dark purple, and had no
white specks. Therg was a slanting dagk®ar a little behind the middle
of the thorax and usunally another, less distinet, in front of it™ There
was also an irregular dark mark near the posterior margin of the carapace.
A dark spot was always present at the base of each pleopod and there
was sometimes a round dark spot at each side of each abdominal seg-
ment near the dorsal surface. :

The aberrant Trematode Caridinicola iseusually to.be found in the
gill-chambers of individuals from the lake, and the Protozoon Cothurniu
15 abundant on their uropods and other appendgges.”

In addition to the specimens from the Shan plateau, there are in the
Indian Musenm five specimens (two of which are ovigerous) obtained by
Wood-Mason from ** Upper Tenasserim,” and two (oné of which is
ovigerous) found by Dr. Annandale in a swampy lake at Kawkareik,
in level country in the interior of the Amherst district, Tenasserim, n
March, 1908.

The types, which are‘rofa the Inlé Lake, bear the number 9783/10,
Zool. Sure. Ind. 540 YN ’

Caridina weberi, de Man.

o 1892, Caridina weberi, de Man, in Weter's Zool. Ergebn. Reise Nied Ost=Ind.
IT, p. 871, pL xxii, fig. 23,

prox. var. sumatrensis, de Nan.

” 1892, Caridina weberi var, sumatrensis, de Mon, ibid,, p. 375, pl. xxii, fig. 337,

The commonest Caridina of the plains of India and Burma is a fn.rm
allied to de Man's . weberi var. sumaltrensis, A cursory examination
of the Museum collection, which contains samples from many widely
distant localities, shows that there are in India a great number of local
races, some of which will probably be found to deserve recognition in
nomenclature. I will therefore in this account of the Inlé Decapoda
content myself with a few remarks on the characteristics of the Shan
race and on the features in which it differs from that found in Sumatra.
The differences, though considerable, do not appear to he specific.

The rostrum reaches to the middle or end of the second segment
of the antennular peduncle. Ifs straight or slightly convex upper
border bears from 12 to 20 teeth (usnally 13 to 18),* distributed thiough-
out its lenoth, and of these, 3or 4 (rarely 2) are placed on the carapace

.
1 Of ane hundrod spesimens three have 12 dorsal toeth, ten have 13, seventeen have
14, thirty-seven base 13, fifteen have 10, eleven have 17, six have 18 and one has 20.
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hehind the orbit. The lower border bears from 0 to 5 teeth (usually
1 to 3).! ; ¥ s

The antero-lateral angle of the carapace is produced and forms a
small tooth. This character is apparently not found in typical C.
weberd, nor (according to specimens from Deli in Sumatra, preserved
in the Indian Museum) in typica® var. swmatrensis. The character
is au unusual one in Cariding and in some species (C. denficulata, de Haan,
for instance) appears to be of considerable specific importance. *In the
specimens from the Shan States the tooth is invariably present, but in
samples of very closely related ‘forms from other parts of India it is
inconstant in its development.? For the present, at least, T am not
able’to regard the characteras having specific value in the . webert

“ ¢
group. . ,

The second segment of the anténnular peduncle is short and stout,
intermediate in form between de Man’s figs. 23 and 23/ (loc. ¢it.). The
antennal scale is about two and threé-quarter times as long as broad.

The carpus of the first pair of peraeopods is deeply excavate and
from 1-6 to 1-75 times as long as broad : that of the second pair is from
45 to 5D times as long as broad. The fingers in the second pair are
scarcely one and a half times as long as the palm. The propodus of
the third peracopods is from 3:2 to 3-8 times as long as the dactylus
(rarely shorter : 2-8 times), the latter segment hearing 6 or 7 teeth.
Tn the fifth jleracopods the propodus is from 2:9 to 3-2 times the length
of the dactylus. the dactylus bearing from 27 to 33 spinules.

There are from 13 to 18 movable spines on the outer uropod.

Exceptionally large specimens reach a length of 19 mm. ; the majority
of those in the collection are smaller, not«exeeeding 15 mm. The eges
are very large, about 1-1 nim. by 0-i mm. in longer and shorter diameter.
Ovigerous females carry very few egus, the numbers in two instances
in which they were removed and counted being 19 and 26.

This form differs from C'. webert var. sumatrensis in a number of par-
ticulars which are apparently of subspecific importance : (i) both dorsal
and ventral teeth of the rostrum are rather less numerous, (i) the
antero-inferior anale of the carapace is toothed, (ii1) the fingers of the
second. peracopod are pr«qmrtimmtol_\' shorter in' relatvin.n to the palm
and the propodus of the third peracopod shorter in relation to the dac-
tylus and (iv) the eggs are very much larger.

Dr. Annandale found a number of specimens in small streams running
into the Inlé Lake at an altitude of 3000 ft., and in those on the He-Ho
plain at 3800 ft. It was occasionally found in the lake itself, near the
edge, but never in the central region.

The colouration of living specimens is deseribed by Dr. Annandsle

as follows «—* In individuals from among green weeds in a small stream
-

have no ventral teeth, twenty-four have 1 tooth,
forty-ghree have 2 foeth, twenty-three have 4. six have 4 and two have b,

= Thus in a bundred ﬁ'l('cillld:llﬁ of & form closely allied to that obtained by Dr. Annan-
dale, found at Tinnevelly in South India, the antéro-Interal angle bears an acute tooth
in 18 per cent. of the speciniens, is rectangular pr obt usely angled in 19 per cent. and is
rounded in 68 per cent.  This form is intermedinte betsween typical var, swmalrensis
Inml:]h]n Shan race in the size of the vggs, which are (-7 mm. in dength and 045 mm. in
wreadth,

1 0f one hundred specimens two
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ne;*r Fort Stedman the whole of the body wa§ more or Jess darkened |

with green chromatophores and was sometimes almost black, A pale

mid-dorsal line was usnally present, and sometimes %hite specks could |

be detected on the thorax, abdomen and telson. In paler individuals
there was a small dark spot af, the base of each pleopod. The fingers

of the chelae were darkened, bu¢ th®ebunch of hairs at the fip was often «

white. Indivielyals from the He-Ho stream, the water of whiche has
a peciliar blackish colour ewing to the large amount of fragments of*
carbonized vegetation it contains, were rather dark but had three pagallel |
colaurless bars slanting along each sidb of the carapace. There was a
pale cross-bar on each abdominal segment and a colourless mi(l-(iérsal
line.” -

L L]
<

PosTscHIPTUM.

AcantHopotamon,
.
nom. nov. for Acanthotelphusa Alcock nee Ortmann.
L

While this paper was still in the press Calman published an account
of Potamon (Potamonawtes) warreni.t a new river crab from the Trans-

vaal. The affinities of this species, which are discugsed by Calman, =

throw much light on the position of Acanthotelphusa.

P. (Potamonautes) warreni has an extremely close affinity with the
common South African P. (P.) perlatum, differing from that species
only in the fact that the granules of the antero-lateral margin are re-
placed by spiniform teeth. The species thus affords. in the subgenus
Potamonautes, an instance of evolution exactly parallel to that which
I believe to have occurred on at.least two iifdependent occasiohs i the
subgenus Potamon, viz. in P. (P.) shensiense and P. (P.) acanthicum
(see p. 85).

4s Calman has remarked P. (Potamonautes) warreni on any of the
current schemes of classification” would be separated genqrically or sub-
generically from P. (P.) perlatum. Were it nat for the proofs of its

flinity that Calman has brought forward, it is almost certain that it

would have been referred to Acanthotelphusa. for it closely rasembles
P. (deanthotelphusa) wiloticum in the character of the antero-lateral
margin,

There is, as Calman has hinted, reason for the belief that P. nilo-
ticum has originated, in much the same way as P. warreni, from some
Fast African species with normally constituted antero-lateral border,
But, however this may be, it is clear that its affinities are not with the
well-defined group of Asiatic species to which Alcock has applied the
name Acanthotelphusa. Since P. niloticum is the type of the latter
subgenus, it is evident that a new name is necessary for the Asiatic
forms. T suggest Aecanthopotamon, distinguished from Potamon s.s.
by two characters.—the antero-lateral borders of the carapace are cuf
into three or four large teeth,® and (ii) the upper border of the m=rus ot
the chelipedes bears a sub-terminal spine.

U Calmang Ann, Mag, Nat. Hist. (9), 1, p. 234 (1918),
2 Exclusive of the external orbital tooth.

4101 Y
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o

Type,— Potamon martensi (W ood-Mason).! : 5
The species of this subgenus bear a ‘close general resemblance to

those of Paratelphusa s.s., but: are disting guished by the different form

of the mandibular palp. In Miss Rathbun's mmw"raph * Paratelphusa

is regarded as a subgenus of Potamon and comprises species belonging

both to Paratel plmsa s.5., a5 defincd by Aleocl: and te ctmllmrolmmm

It also ineludes P. niloticion and two allied forms, whizh are perhaps

derivatives of Potamonautes, and P. antongilersis which appears to have

been evolved from Geotelplusa.

1 Potamon (Acanthotelphusa) martensi, Alcock, Cat. Indian Decap. Crust,, Potamo.
nidae, p. 68, fig, 52 (1910). ;
* Rathbun, Neouwe, Areh. Mus. Pacis (4) VII, p. 228 (1505). .

. A
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INTRODUCTION.

The following paper is based on the collection of Mollusca made
in the Inlé Lake and the surrounding district by Dr. F. H. Gravely
and myself in February and March, 1917.

“The district is one of great interest to students of the freshwater
Mollusca because it is one of those in which the fauna. apparently
isolated for a long period, has proved extraordinarily plastic, with the
result that large numbcm of pecullar forms have been evolved. It
is not necessary here to describe its physical characters as this has
already been done in the Introduction to the velume, but there® are
a few points that it is of impottance to remember. 1In the first place,
the Inlé Lake, which lies on the:Shan Plateau at an altitude of 3,000
feet above sea-level, occupied a basin that it has dissolved for itself out
of limestone. Its water, therefore, contains abundant salts of lime

L
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and also of magnesium. Thotugh now shrunken and shallow, the lake
is the last relic 4f a once extensive lake-system and was at a period
geologically not remote both larger and much deeper than it is at
the present day. The water of its central region is remarkably clear
and its bottom covered with a peculiar semi-liquid mud formed of .
calgareous particles and fragments of decayed vegetable refuse. Round
the margin there is a curious rim of floating islands vomposed of dead
and living plants, and the formation of peat is proceeding with great
activity. The water of the marginal zone is, therefore, much con-
taminated. Considerable differences exist in the fauna of the two
regiens. Certain peculiarities can also be observed in that of the
intermediate zone between the two. As there aze no rocks or stones
in the lake rupicolous molluscs are absent.

Many of the specimens from the lake were obtained by dredging,
others by the careful examination of masses of weeds. We also searched
geveral of the sma'l streams that flow into the lake, as well as the larger
streams and swamps of the He-Ho plain, which lies a few miles to the
south-west at an altitude about 800 feet hicher. Further, we obtained
good series of fossil and subfossil shells from several deposits both in
this plain and in the Hsing-Dawng valley some five miles north-east of
the lake.

So far as I am aware, no molluscs have been recorded from the Inlé
Lake, but several of the species common fo it and neighbouring waters
have been described by Theobald,® by Nevill,> by von Martens® by
Kobelt* or by Pilsbry,® from the Northern Shan States and Upper
Burma. The species deseribed by Theobald have been admirably
figrred in Theobald and Hanley’s Conchologia Imdica (1876). 1 have
found the veferences to literature in Mr. H. B. Preston’s volume on
the freshwater Mollusca (1915) in the Fauna of British India series of
great value, though they are far from complete. I have to thank my
friends Mr. BE. Vredenburg of the Geological Survey of India and
Mr. Stanley Kemp of my own department for going through certain
parts of the proofs of this paper and making valuable suggestions.

Part .—SYSTEMATIC.
(GASTROPODA.
Order PULMONATA.
Family SUCCINEIDAE.

Genus Succinea, Draparnaud. >

It is only by some stretching of terms that a specier of Swecinea
can be dealt with in a paper exclusively on aquatic molluscs, for there

! Journ. As. Soc. Bengal (2), XXXIV, pp. 273-279 (1865).

2 Jowrn. Aa. Soe, Bengal (2), XLVI, pp. 14-41 (1877).

3 Wiegin. Arch, Naturg,, LXV (1), pp. 30-45 (1899).

& Palwdinen in Martini and Chemnite's Conch. Cab. (od. Kiister), (1909),
5 Proc. Ae. Nat. Sei. Philadolphia, pp. 188-190 (1901).
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is wo reason to think that this species differs from its congetiers in habits, -
It lives at the edge of water and can doubtless swign attached shell-
downwards to the surface filui, but does not lead a true aquatic life.
My reason for referring to it here is the remarkable resemblance
between its shell and that of a Lamngea to be discussed later (p. 109).

L - *

Succinea indica, Pfeiffer. .

Plate x, figs. 10, 11 ; plate xi, figs. 5, 6. 4 2

1876.  Succinea indiea, Hanley and Theobald, Conch. I.Nd., pl. Ixvii, figs. 1 & 4.
1914,  Succinea indica, Gude, Faun. Brit. l.'d.. Moll. 11, p. 447. -

. - E

Living specimens were found at the edge of the Inlé Lake at Thalé-u
on the eastern shore and in the swamp at the northern end. Subfossil
shells occur in considerable numbgrs in the superficial deposits on the
He-Ho river just above its gorge. ¢ J

Shells from the Inlé Lake (fig. 10, pl. x) agree as regards outline
and general appearance with Theobald and Hanley's Jfigures, but are
rather smaller (14 mm. long) and of a darker colour. The animal is
that of a normal Succinea. 1 figure the jaw and a central and a lateral
tooth from the radula (pl. xi, figs. 5, 6). Subfossil shells from the He-Ho *
river (pl. x, fig. 11) are thicker and have the growth-lines so coarse
that the surface approaches that of S. plicata, Blanford, in sculpture.
They do not differ otherwise from living shells.

The species is essentially a Himalayan one, hitherto known from
Kumgon and Kashmir. Gude (op. cit., 1914) doubts the identity of
Egyptian shells assigned %o # by Jickeli.

. © .
@

Family LIMNAEIDAE.

< Genus Limnaea,! Lamarck.

The genus is cosmopolitan and capable of living mn conditiops
generally unfavourable to molluscs, for example at great altitudes and in
great depths. Its shell is remarkably plastic and varies in size, *shape,
thickness and colour with changes in the environment. This character
of plasticity is admirably illustrated by the forms found living and
fossil in the Inlé and He-Ho basins. I have been able to recognize
only three species among the living forms, but one of these has several
fossil and subfossil phases. 1 have also to refer briefly to a fourth
(fossil) species represented in our collection by two imperfect shells.

" The, three living species fall into two well marked groups and in
one of these a remarkable series of shells can be arranged, linking
t-o;,zéther two living species unlike® in shell-characters by means of
several apparently extinct phases. The third living species has two
distinct phases, each of which lives in a different kind of habitf.t. .

1 1 take this opportunity to state that the apecies from Japan described by Preston
(Ann. Mag. Nat. Hist,, (8) XVIL, p. 120, pl. ix, fig, 6, 1916) under the namo Litho-
tiz japowica is not related to the Mdinn species of Lithofis and does not belong to the
Succineidae. The raduls i8 that of o Limnaea. The shell is like that of L. brevispira,
von Martens.

L2
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A notewuorthy feature of th: Shan Limnaeae is their small size. , We
gaw no shell moye than 12 mm. long.

8

Limnaea andersoniana, Nevill.
Plate x,figs. 1, 2. 9

*  1877. Limnaea andersoniana, Nevill, Journ. As. Soc. Bc:(l aly (2) XLVI, p. 26.
1881. Limnaea andersoniana, id., ibid., L (2), p. 142, pl."v, fig. 9.

‘ Shell small, horny brown, imperforate, globose, spire short; whorls four to five,
last whorl large, ovate ; columella remarkably thick and reflected, straight, without
any twist ; aperture subovate, anteriorly rather wide. ©

This small speeies, well characterized by its remarkable columella, i3 unlike any
Inditin species ; the figure that it most resembles in * Kuster's Monog." is var. of L.
peregra,,pl, 3, figs. 17, 18; therd is no shell like it figured, in the ‘ Conch. Tconica’ ;
](1{’0::31\5!)' L. andersoniana w'iJl prove to })c a comrion species throughout S. China.”

The species was originally desgribed from Yunnan. It was also
recorded by its apthor from the Shan States, but there is no reference
to it in Preston’s volume in the official Fauna of British India (1915).
The shell, as Nevill notes, resembles that of L. pervia, von Martens,®
a common Chinese and Japanese species, but differs in its very coarse
columellar callus; his statement that the columella is absolutely
straight is not cubstantiated by either his figure or his type-specimen.
The animal has a peculiar leaden grey colour, which extends almost
uniformly over all the exposed parts except the sole of the foot, this
being pale. The jaw and radula are of normal type. The lateral
teeth are bicuspid and one of the cusps is very long and slender.

Both in the Chinese collection obtained by the late Dr. J. Anderson
and examined by Nevill apd in our own, ¢helis of two forms are present.
I have no information sbeut the habitat of the Chinese molluscs except
that they were taken at an altitude of about 4,000 feet. In the Inlé
basin, however, the two forms of shell represent two distinet phases
of the species, each associated with a definite type of habitat. In one
phase (pl. =, fig. 1) the shell is relatively broad and, though by no
means large, is consiGerably larger than in the other. attaining a length
of 12 mm. Nevill selected a shell of this phase as the type of the species
and figured it in 1881, Shells of the other, narrower phase (pl. x, fig. 2)
do not exceed 9 mm. in length. They are duller and greener in colour
and perhaps a little thicker. The larger, broader form of shell is found
in ponds and marshes amidst dense aquatic vegetation ; we took a
single dead shell floating on the surface of the water at the edge of the
Inlé Lake. The smaller form was observed in considerable abundance
in a small slow-moving stream with a muddy bottom and devoid of
vegetation at Fort Stedman (ca. 3,000 feet). We also collected a few
zhells in small streams at Thamakan (Hsamonghkam) about IOOQ feet

igher.

[Limnaea bowelli, Preston.]

3 Plate x, fig. 4.
1909. Limnavca bowelli, Preston, Ree. Iud, Mus, 111, p. 1135, figs. 1, 2.
This species is known only from very hizh altitudes (13,000 to 14,000

feet) in Tibet, where it lives in small streams.

PRI e —
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.Prest.on describes the shgl] as folloys :— ~ g =5

**Shell rimate, acuminately ovate, rather solid, polished, ghining, pale yellowish
horn colour ; whorl® 4, shouldered abtve, marked with rather coarse lines of growth: «
sutures deeply impressed ; columella obliguely and diffused above into a thick callus
which joins the upper margin of the peristome; peristome simple; aperture ovately,
inversely auriform. . . s

He also refers, on the authority of the Rev. E. W. Bowell, ta the
peculiar form of°the upper jaw, the central part of which is produced-
into a blunt beak-like projection, and to the Planorbis-like appearance
of the radula. Mr. Bowell even suggested the erection of a new genus -
on account of the former character. = s

I mention L. bowelli here because we §ound in the Inlé and He-Ho
basins a series of fodsil and recent shells that differed considesably in
different deposits and zones but forsned a very regular gradation be-
tween a shell that resembled that of L. bowelli in certain characters
but differed from it considerably in others, and one that had little out-
ward resemblance to it. The only living phase in this series, moreover,
though far removed from the Tibetan form in shell-characters, proved
on comparison to be identical with it in buccal armature. L. bowelli
is probably itself a modified form, living as it does at an almost unique
altitude, but it is, to say the least, highly probable that still further .
links might be found between it and the various phases I have here
grouped together under the name L. shanensis. .

Limnaea shanensis, gp. nov.

Plate x, figs*5, 8 ; plate xi,.ﬁgs. 2RSS

-« .

The shell in all the phases of this specids 18 much narrower than in
L. bowelli, the aperture is less patent, the peristome projects less, the
spire consists of two instead of three whorls, the whotls are not at
all fifttened above and the suture is moge sinuous and more oblique.
These characters become intensified with the gradual®evolution of
what appears to be a true lacustrine deep-water type, but certain
features are always retained, wiz., the complete aperture, the jmper-
forate but rimate condition of the shell, the short, rather blunt spire,
impressed suture, ovate form, coarsely developed growth-lines and
small size. More important than any of these is the structure of the
jaw and radula in the only living phase. Each phase, of which T can
distinguish four, is or was associated with a definite type of environ-
ment. I will refer to them alphabetically and describe them seriatim.
Tha complete gradation is better shown on plate x than can be
described in words.

Type-specimen (phase A). No. M. 11039/2, Zoological Survey of

India (Ind. Mus.).

Phase A. i o

In this phase the shell is ngarer that of L. bowelli than any other,
but there are distinct and constant features in the much narrower form,
more obligue suture, longer and narrower aperture, ete. The shell is
fairly thick and its growth-lines are very coarse. It is of approximately
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the same size as the type of L. bowelli. The following are the measure-
ments of a specimen :— ; "
A

mm.
Length 9
) Greatest breadth ... . 68 .
Length of aperture ... - we B:25
3756

" Greatest breadth .of aperturc

The shell occurs abundantly in the friable clay of the He-Ho lake-
deposit at an altitude of abous 3,600 feet. The specimens are well
preserved so far as form is concerned, but difficult to extract in a per-
fect wondition owing to theiy fragility. They have evidently sunk to
the bottom of an open lake and there been buried in very fine mud.
This phase is, therefore, the most apcient with which we are acquainted
as well as the nearest to the Tibetan species. 1t is very constant.

'
Al

Phase B. '

The shell is still narrower than in phase A and the aperture, which
is of about the same length, is constricted posteriorly. The suture is
still more oblique and the apical whorl is reduced in size. The shell
is rather thick and has still coarser growth-lines. There is no great
divergence in size from the former phase. The measurements of
shells are as follows :—

min, mm. .
. Length 10 9 85
Greatest breadth e Y 5795 5
Length of aperture v 0:B 6 575
4 ({matcsb' breadth of apercure o e 3T 3D 3

Shells are abundant in the superficial deposit on the banks of the
He-Ho river just before it plunges down towards the Inlé plain, about
a mile to a mile and a half east of the point where the types of phase
A were discorered and at a siightly lower altitude. It is probable that
the deposits represent che debris at the edge of a marsh or lake. The
shells are sometimes slightly waterworn and as a rule more or less broken,
I class them as subfossil. They also are constant.

Phase C.

This is the only phase I have seen in a living condition. The shell
is thin and fragile but of a rather dark brown colour. It is a little
narrower and more acuminato than that of phase B and has the apical
whorl still smaller, but the suture is not quite so sinuous and the aper=
ture is not so contracted posteriorly. The growth-lines are conspicii-
ous but not so coarse. The rimation, though quite distinct, is less
strong. The shell is rather larger ; the following are measurements o
two specimens :—

mi, mi,
Length . .., . 102 8
Greatest broadth fcte N 425
Length of aporture ... A, LS Al 5

Greatost brendth of aperture ohe 14 2.25

e —— T — . — e ey Cr—
— — - ——— M e e L e
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We found a ®mall but constant series of living specimens near the
shofe-line of the marginal zone of the Ink¥ Lake at Fort Stelman. They ~
were living amigst much decaying vegetation mawber in conditions

which favoured the formation of geat.

~ Phase D. o

The shell is thicker than that of phase C and has coarser growth- ~
lines. The sufur®s are sinuous but not very oblique and the whorls _
of the spire swollen. The *apical whorl is very small and almost
globular. The body-whorl is contractegd and the whole shell is narrow. -
The® aperture is also narrow but less contracted- posteriorly thar in
phase B. The columellar callus is less well developed than in the cther
phases. The size is much rgduced, as the Tollowing measurements will

show :(— . :
mm,
Length ... oE ol 6-5
Greatest breadth ... S S ! 2:95
Length of aperture 53 4-5
Greatest breadth of aperture ... . 2

I only know this phase from two dead shells dredged from the bottom

in about 7 feet of water in the central region of tlfe Inlé Lake. There .

is no doubt that the animal lived approximately in the place where

the shells were found, for one of the specimens has been perforated

(see figure) and must have sunk at once into the bottom of the lake.

The phase is of great interest in that, while clearly a member of the *

same series as the other phases, it leads on towards the next species,

which I have called, for other reasons, L. mimetica.
Considering all these phases togethier wenmy besure of the fullowing
facts :— ] :

(i) They may be regarded conventionally as the links in a chain
of evolution in which the tendency is towards a narrow-
ing of the shell and of its.aperture and a reduction of
the spire. -

(ii) Evolution has affected the buccal armature less than it has
affected the shell and though there is a distinet break in
shell-form between phase C and the Tibetan species with
which I have associated the phases, the radula and jaw
are practically identical.

I will discuss the significance of these facts when dealing with varia-

tion among the shells of the Inlé and He-Ho basing (v. p. 151).

Limnaea mimetica, sp. nov.
Plate x, figs. 9, 9a; plate xi, fig. 4.

The shell is very small and delicate, transparent, colourless or tinged
with yellow, imperforate, rimate, narrow, subcvlindrical. It has tne
lines of growth well marked but not coarse. The spire, which is set
on the body-whorl at a slight ancle, is blunt and short, but so obliquely
spiral that it appears twice as long in the dorsal as it does in the
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ventral aspect ; in the lctter it occupies only one tenth of the length of
the shell. It consists of two whorls, which are neither shouldered nor
markedly tumid. The suture is not or hardly impressed. The body-
whorl is ovate, elongate and narrow ; its lateral outlines do not project
far beyond those of the base of the spire ; its anterior internal margin_ is
broadly rounded, its anterior outer margin angulate and a little pro- .
duced. The aperture is almost straight, narrow, elongate and practi-
cally lanceolate in outline. Posteriorly it tapers gradually to a fine
point and in front it is angulate externally. The peristome is simple,
the rimate margin of the orifice distinct but delicate. The columella
is almost concealed® it is nearly straight and slopes forwards and out-
wards. Its callus is feebly developed.

Thesanimal is that of a typical Limnaeg. Thé foot is very exten-
sible but can be retracted well within the shell. The tentacles are
short. The whole external surface is white or greyish, with black eyes
and an effusion of black pigment on the dorsal surface of the body and
on the mantle. TLe specimens examined are sexually mature. A figure
of the genital system, dissected out and drawn for me by Dr. Baini
Prashad of the Bengal Fishery Department, is reproduced on p. 175 of
this paper. It seems quite normal, bun all the parts are slender as
compared with thos¢ of European and American species. The sper-
mathecal duct is long and the penis-sheath stout.

The jaw resembles that of L. bowelli, but is much less produced.
The radula (pl. xi, fiz. 4) is also similar, but the cusps of the lateral

+teeth are more nearly equal and equidistant and the marginal teeth
(except at the extreme edge) have four instead of three cusps.

1 v . mm.

Length of shell VANE 5 im0
Greatest breadth of shell 2.5
4-25

Length of aperture
Greatest breadth of aperture .

Type-specimen. No. M. 11271/2, Zoological Survey of India (Ind.
Mus.).
The species is probably but the final stage in a line of evolutior
similar ‘to that of the phases of L. shanensis (pl. x, figs. 4-8). It
mav be no more than an extremely degenerate phase of L. acuminata,!

w

=

Linn.
L. mimetica lives amidst dense growing vegetation both in the

intermediate zone and the central region of the Inlé Lake, but probably
avoids the extreme edge. It i not uncommon but nowhere abundant.
Individuals from the intermediate zone have both shell and soft-parts
darker than those from the open lake.

In general appearance the shell bears a very striking resemblance
to that of Succinea indica. a molluse not uncommon at the edge of the
Inlé Lake. but one that does not live submerged. The shell of this
semi-terrestrial species differs from that of the Limnaea in its much

! The upper jaw of L. acuminata is not prodused in front, but the radula is very like
that of L. mimetica. 1 am not convinced that the —shape of the jaw is constant.
Moreover, the radular teeth are subject to minor variations in shape.




A

-

1918.] ¢ o N. Anxanvaer® Mplluscs of the Inlé Lake” 411

®
. Y 5 .
arge size, darker colour, less extreme fragility. non-rimate character

and’ non-angulate anterior nfargin. How close the resemblance ig in
other respects iseshown clearly.by figs. 9-11 on plaf%e x.

It is difficult to see how this resemblance can be anything but for-
tuous. It can be of no protective value to animals that never meet,

* have entirely different habits and peebably different enemies. It can-

not be due tosconvergence, to use the term in its technical sense,sbe-
cause of the difference in habits. It is well that attention should be
called to apparently fortuitous resemblances of the kind, for they, are
apt jto be ignored by students of minkcry—a series of phenomena as
to the meaning and causation of which I must confess myself, after
nearly twenty years’ experience of tropicaknature, in an agnostic ffame
of mind. % - ¢
Limnaea ? prox. ovalis, Gray.

Plate ¥, fig. 3.

.

T am unable to assign two fossil specimens from the old lake-deposit
* in the He-Ho plain to any described specie8 but think'it probable that
they represent one allied to L. ovalis (pl. x, fiz. 3). They are not
unlike some dwarfed shells of L. ovalis from posls of brackish water
in Orissa, but differ in the almost complete bilateral symmetry of the
body-whorl and in the very long aperture. With such imperfect material

it is best not to give the form a name. :

renus Planorbis, Geofiroy.

Living specimens of five Species,of this genus were feund.in &he
Inlé Lake, while the shells of a stxth are not ¥ncommon in the super-
ficial deposits of the He-Ho plain. These six species fall into three
of the subgenera or groups into which the genus has beea divided, viz.,
Planorbis, s.8. ; Gyraulus, and Segmentina. They may be distributed
into these groups as follows :—Planorbis® exustus to Plinorbis s.s.,
P. saigonensis (subfossil), P. velifer. sp. nov. and possibly P. trochoideus,
which lacks the characteristic internal partitions of the shell of Seg-
mentina, to Gyraulus ; P. calathus and P. caenosus to Segmentina.

Planorbis exustus, Desh.

Plate xi, figs. 1, la.

1834, Planorbis exustus, Deshayes, Belang. Voy. Ind. Orient., Zool., p. 417, pl i,
figs. 11-13.
1836, Planorbis Indious, Benson, Jowrn, As. Soc. Bengal, V, p. 743,

The shell of this species seems to differ from P. coromandelicus,
of which T have examined specimens from Bangalore, in its less inflated
whorls. darker and duller colour apd in the fact that the angle at the
lower end of the mouth is less produced. Shells from the Kaskmir
lakes, from a small pond of slightly brackish water on Barkuda Island
in the Chilka Lake. from the matginal zone of the Inlé Lake and from
ponds and swamps at Yawnghwe and on the He-Ho plain are closely
similar ; except that the Kashmir examples are a little smaller. Speci-

1

-

N
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mens from the Talé Sap in Peninsular Siam differ very little. The
species, therefore, seems to be a remarkably constant one, neither
plastic nor variabie. It is common in the more swampy parts, close
inshore, of the marginal zone of the Inlé Lake and in all ponds, etc.,
in the district. It is found in similar situations in Bengal and Siem
and it does not appear to be anyviiere a true lacustrine molluse.

I figure the shell of a very young individual, which puzzled me
greatly until I had seen a series.

Planorbis saigonensis (?), Crosse & Fischer.

C -
A Piate xi, fig. 12. v

1900. Planorbis saigonensis, Germar, Rec. lv:ll. Mus., 111 p. 117,
1915. Planorbis (Gyraulus) compressus, Preston, Faun. Brit. Ind., Freshw. Moll

p- 118, !
(termain has discussed the synonymy of this species in the paper

cited. I assign to it with some doubt a number of subfossil shells from

the banks of the He-Ho stream. They seem to be intermediate
between P. saigonensis and P. conveviusculus, which is perhaps no more
than a variety, but in none of them is the aperture definitely lunate.
In some a faint peripheral ridge can be detected, while in others there
is no trace thereof. The largest shell is only 5 mm. in greatest
diameter.

The species is widely distributed in Mesopotamia, Afghanistan, India,
Indo-China, China, Japan and the Malay Region.

Plancrbis velifer, 8p. NOV.
Plate xi, figs. 7—11L.

Shell minute, delicate, transparent, colourless or faintly tinted with
yellow, with very fine close-set regular transverse striae, with 33 whorls,
slightly depressed above in the centre, with the upper surface very
slichtly convex,and the suture impressed, with the periphery angulatz
and as a rule faintly carinate, with the centre of the lower surface
moderately depressed and with this surface otherwise almost flat ; aper-
ture large, broad, moderately oblique, its lower margn slightly con-
cave, its upper margin moderately convex ; the edge of 'thc lip §harply
defined without thickening; ro internal callus. Maximum diameter
4 mm., minimum diameter 35 mm., height 1:75 mm. .
= Type-specimen. M. 11288/2 Zoological Survey of India (Ind.

us.).

var. ciliata, nov.

This variety only differs from the typical form in having a variable
number (usually five or six) of spiral ridges on hoth surfaces. These
ridges are formed entirely of very minute epidermal cilia closely pressed
together. They are often obsolete.

The two forms of shell fade gradually one into the other. Both
exhibit considerable variation in the size and obliquity of the aperture
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and in the degl’ce of depression of t.lge whol¢ shell. Iy both there
is usually a curious protrudfng veil-like structure running along the
peripheral carinadion or angle. This * velum ” is ®rarely altogether
absent, but T believe it to be of parasitic origin. The presence of a
sinvilar structure on the shells of P. saigonensis is perhaps indicated
in Clessin’s! figure of the upper sueace of the shell of P. compressus.
In well-preserved, specimens it has a gelatinous appearance and is £ull
of bacteria. 2

The species (both varieties) is common in all parts of the Inlé Lake
amoglg dense masses of living weed. %

Possibly P. velifer should be regarded simply as a lacustrine phase
of P. saigonensis. Its shell closely resembes subfossil specimens from
He-Ho, except that it is copsiderably smaller, has the sculptufe finer
and more regular and appears to be® thinner. “The subfossil shells are
naturally more opaque than living ones.

Planorbis trochoideus, Benson. L

1836, Planorbis trochoideus, Benson, op. eit., p. %42,
1876. Planorbis trockaidens, Hanley and Theobald, Conch. Ind., pl. xxix, figs, 4-6,

This species occurs commonly with P. velifer In both the central
region and the marginal zone of the Inlé Lake. It is a%so found in the
fossil lake-deposit of the He-Ho plain. Shells from the lake agree well
with Hanley and Theobald’s figures. The largest are about 3 mm.
in maximum diameter. They are diaphanous but tinted with yellow.
I can find no trace of internal partitions such as exist in P. calathus
and P. caenosus. e

The species has hitherto been fotnd onlw in the neighbourhood of
(Calcutta. z . 2

Plaaorbis calathus, Benson. ’

*1850. Planorbiz Calathus, Benson, Ann, Mag. Nal, Hist., (2) V, p. 348
1876, Planorbis calathus, Hanley and 'l'hcohél(l, op. cit.,, pl. xxie, figs. 1-3.

P. calathus is common in the Inlé Lake witix the two preceding
decies. The specimens are very small, not exceeding 3 mm. in,maxi-
mum diameter, Some are colourless, while others are distinctly
brownish, but all are transparent.

The species has a wide distribution in northern India (mainly in
the Himalayas) and Ceylon ; it is also recorded from Siam.

Planorbis caenosus, Benson.

1850, I'lmmr’n:n cacnosus, Benson, op. cib,, p. 349,
1876, Planorbis caenosus, Hanley and Theobald, op. cif,, pl. xxix, figs, 7.9,

. We found two very small specimens, only 2 mm. in maximum
diameter, in the marginal zone of the Inlé Lake off Fort Stedman. They

are fully adult, as one of them contains eggs in the ovary. Inepite
of their small size the shells mgree well with Hanley ands Theobald’s

1 Olessin, * Limnucidog ™ in Mertini and Chemnite's Coneh, Cab, (ed. Kister), p. 191,
pl. xvii, fig. 10 (1886),
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figures. They are transparent and of a faint yellowish colour. Pos-

sibly they represent a dwarfed race of the species.
P. caenosus has been found in Ceylon as well as i» Northern India.

3

Order PECTI2XIBRANCHIATA.
Suborder Taenioglossa.
Family MELANIIDAE. o

(tenue Melania, Lamarck.

1015, Tiara, Preston, pp. cit, p. 4k

The species found living in the Inlé Lake and its basin belong to
two groups or subgenera, Striatella, Brot and Melanoides, H. and A.
Adams, The forfier is represented by the widely distributed and
plastic M. tuberculata, while we have of the latter M. terebra and a |
race of M. baccata. A single shell of a form of M. variabilis, which
also belongs to this group, was found in a cave-deposit at Hsin-Dawng.
The only one of all these species that lives in the lake is M. tuberculata.

-~

Melania tuberculata (Miiller).

Plate xii, figs. 1, 2.

1874, Melania tuberculata, Brot, Melaniaceen in Martini and Chemnitz’s Conch.
Cab. (ed, Kiister), p. 247, pl. xxvi, figs. 11-114

This is the most widel} distributed species in the genus, ranging
as it does from the southern and eastern shores of the Mediterranean,
through Africa and Asia to China and North Australia. The shell is very
plastic in certain characters, notably in size, but also to a lesser degree in
shape and scilpture. T have before me a large series from many localities
in India and the neighbouring countries and also from Mesopotamia,
Palestine and China. Numerous varieties have been described, but ou?
collection scems to prove that as a rule the differences are directly due
to differences in environment rather than to locality. The tubercles
on specimens from southern Asia are, however, often less strongly
developed than in those from Palestine. I will discuss certain aspects
of the plasticity of this molluse in dealing with the variation and evolu-
tion of the Inlé shells. Here it will be sufficient to say that the 81\_«3"3,
both living and subfossil, from the Inlé and He-Ho basins fall %o
three phases :—(1) normal living shells of rather dark colouration, of
moderate gize, not exceeding 25 mm. in length ; (2) subfossil shells
which were apparently also of dark colour, but are much larger (reach-
ing at least 35 mm. in length) and rather broader in the basal whorl ;
and §3) subfossil shells of very small size with the suture much im-
pressed. These do not exceed 16 mm. in length.

The first group still lives both in the central region of the Inlé Lake
and in the middle of the Yawnghwe river, vhile shells of the other two
oceur at different points in the superficial calcareous and peaty



° ~ .
3 R s
o 1918.].. e N. Axnaxn#r? Mplluses of the Inlé Lake: . 115

. ®
degosits on the. He-Ho plaix.l. Each qf these ‘phases wag constant in e
the locality or precise deposit in which it was fOlll.ld.

Melania terebra, Benson.

*Plate xif,_fig. 9.

1836. Melggria Terebra, Benson, op. cit., p. T47. .
2 1876, Melani® terebra, Hnnl.(-_\- and Theobald, op. cit., pl. Ixxi, figs. 8, 9.

A few living shells were found in the Yawnghwe river with M.,
tubgreulata. They agree well with Manley and, Theobald’s figures.
The species is known from Sylhet and north-eastern Assam.

%
< .
* Melagia baccata (Gould). o
. .
Plate xii, figs. 3, 3a, 4—7.
1015. Tiara (Melanoides) baceata, Preston, op. eil., p. 206,

Melania baccata is a species, or possibly a groﬁp of species, that
* seems to have become differentiated on theShan Plateau and in Upper
y Burma into a large number of well-defined races. To what extent
e A all these races are constant we do not yet know, but the only one found
living or subfossil in the Inlé and He-Ho basins, thoughk it varies some- o
what in sculpture and is plastic in size, i8, nevertheless, remarkably
J constant in the shape of the shell, in which it differs feom any form
as vet described. | have thought it best, in view of our ignorance of
the anatomy and our scanty knowledge of the distribution of the various
“ vagieties,” to call t.his'form a subspecies, by which I mean a local
e L]

race. o Yo

subsp. clon.gata, uot'.o .
In shape the shell is long, narrow and tapering. When complete
it has 11 or 12 whorls, but-the first two are usually erodled. The aper-
. . ture'is very narrow and nearly oval ; thelip is considerably produced
forwards and the columella is less bent than in mogt forms of the species.
The sculpture is always well developed ; on the last three whorls there
are usually three spiral rows of tubercles joined together by rigges in
such a way as to form a very regular reticulation. On the body-whorl
the uppermost row of tubercles is situated close to the upper edge.
. There are three well-developed simple or superficially somewhat un-
dulated ridges beneath the lowest row. Sometimes, however, there are
. only two rows of tubercles on this aand the preceding whorl. The
shell is thin; the epidermis is dark-brdwn or dull olivaceous-green :
imernally the surface is white and somewhat opalescent, as a rule

with several deep-brown spiral bands.
‘ *At least two phases of this race can be distinguished :—(q) With
: a very large shell, when complete nearly 80 mm. long and 26 mm. in
.great‘ést breadth, and (b) with a much smaller shell not exceeding
50 mm. in length and 17 mm. in breadth. Of the first phase we dound
>\\ only a few specimens, all living in a swamp on the He-Hoe plain. The
o0 second phase is abundant in thg Yawnghwe river in a living condition
and is also common subfossil in peaty and calcareous deposits on the
He-Ho plain.
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The typesspecimen of the race (belonging to the large form) is No.
M. 11155/2 in the collection of the Zoological Survey of India.
‘ .

Gienus Paludoraus, Swainson.

This genus is represented in our. coliection by two small shells only.
They were found near the town of Yawnghwe. The genus, though
occasionally found in still water, is usually an inliabitant of small
streams and never lacustrine.

Paludomus ornata, Benson.

1856. Paludomus ornata, Bensgn, dnn. Mag. Nat. Hist., (2) XVII, p. 496.
2%6. Paludomus ornata, Hanley and 'l‘hoanhl. op. eil., pl. eviii, fig. 8

‘e - u .
The two shells of this species in our collection are very small, the
larger being only 15 mm. in length. They are covered with a thin

but somewhat dense layer of calcareous matter, which partly conceals
the parallel groovés running round the top of the whorls, and gives the

shell a dull appearance. + When this calcareous matter is removed, ©

however, the natural colouration and sculpture of the surface appear
uninjured.

The shells were found living on a muddy bottom in a small runnel
of clear water by the roadside some two miles east of Yawnghwe.

The specizs was described from Upper Burma, but occurs also in
Pegu and in the valley of-the Brahmaputra.

Family HYDROBITDAE. >
19315, Paludestrinidae, Preston,® op. eil., p. 67,

A large proportion of the members of this family are lacustrine
and it is therefore not surprising that several species are common in
the Inlé Lake. In Indo-China and China a number of peculiar genera
have been evolved, but maesl of these seem to he peculiar to swift-
running water, a type of environment of which we had little experience
in the Shan States. None of the Indo-Chinese genera. perhaps for
this 1eason, were found in the Inlé basin. With one exception,
the six species of the family that we found belong to the peculiar genus
Hydrobioides, Nevill. This genus was erected, as a subgenus of
B;'thf/nia., to include two species. one of which (H. turrita, Blanford)
we found in a subfossil condition on the He-Ho plain, while the other,
the position of which is still doubtful and which has not yet received
a name, was from Kach. The named form was described from the
Irrawaddi system and is still only known from empty shells, but four
other specie.s were fonnd living in the Inlé basin and it has been posgib]e
to give a description of the operculum, the radula and the external
anatomy of three.
 The only other species of the faniily is assigned provisionally to the
genus Amnicola, from the typical forms of which, however, it differs

in its caleareous operculum. :
|

1 Preston’s removal of Bithinella (cp, i, p. 66) ‘from the family and its inclusion
as a subgenus in Cremnoconchus (fam, Littorinidac) is not oxplained,
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. ‘ Genus Hydrobioidss, Nevill. -

1884, I!y;lfobiqidt;e (subgenus of Bithynia), Nevill, Hand :List Moll. Ind. Mus.
s P42,

.The shell is thick, of moderately small or minute size, imperforate,
of somewhat variable shape biit not definitely neritiform. The aper-
ture is large, oyoid or subtriangular. There is a very stout columellar
callus, which is in continuation at both ends with a thickening of the
outer lip. The lip is often fortified also by a strong ridge or varix
that runs across the outer surface of the shell a short distance from
the margin.

The operculum is calcified and thick.but often surrounded by a
membranous margin. The nucleus is almost central and surrounded
by numerous well-defined concentrie striae.

The soft-parts, externally at any rate, closely resemble those of
Bithynia, the penis in particular<being bifid. Both of its branches
are well-developed. There is a deep but narrow  transverse groove

. on the sole of the foot parallel to and close behind the anterior margin.

The radula is like that of Bithynia.

Type-species. Bithynia (?) turrita, Blanford.

The genus is closely allied to Bithynia, of which it might, but for
the inconvenience of multiplying subgeneric names, rank as a subgenus.
Of the five species assigned to it, one approaches the stouter and shorter
forms of Bithynia such as B. orcula, one is elongate, while the other
three agree in general appearance with more normal species of Bithynia
such as B. tentaculata. The most characteristic feature is the peculiar
armature of the mouth cf the shell.

The shells may be distinguished as folléws :— ‘

I. Shell more or less elongate, with the spire in the same
axiz as the body-whorl
A. A ridge or varix running across the outer aspect
of the body-whorl «. H. nassa.
B. No varix. i s
1. Shell at least 6 mm. long, .
(a) Shell twice as long as broad H. turrita.

S {b) Shell much less than twice as long as -
broad . M. avarix,
2. Shell not more than 3 mm. long e H. mana.
I1. Shell globose, with the spire short, dirceted hackwards
and outwards} ... weo  H. physcus.

Hydrobioides turrita (Blanford).

1869, Fairbankia ? (an Bithynia 7) turrita, Blanford, Proc. Zool. Soc. London,
. 446,

1881. Bithinea (#) turrita, Nevill, Journ. As. Soc. Bengal, L.(2), p. 167, pl. vi, fig. 15.

1884. Bithinea (Hydrobioides) turrita, Nevill, op. cil,, 11, p. 42,

Blanford describes the shell as follows :—

“ Testa subperforata, turrita, solidula, fulva, glabra, nitidula. Spira clongnta-
conion, sutura impressa.  Anfr. 7, convexi, ultimus antice subascendeny, subtus rotun-
datus, Aperturn ovata, postice vix anzulats, varice externo medioeri instructa ; peris-
toma undique expansinseulum, marginibus callo junetis, extemo leviter arcunto, colu-
mellari obliquo, antic ctum basali subangulatum juncto. Operc. ? Long. 6} diam.
3 mm. ; aperturae Jong. 24, lat. 1§ mm.”
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Nothing s known of the operculum or of the soft parts, but the
shell is so like that of the species here described as Hydrobioides avariz
that they must be congeneric. ’ '

The species was described froin Kyoukpong on the Irrawaddi.
Several subfossil shells were found on the banks of the He-Ho stream.

Hydrobioides nassa (Tpeobald). o ”

Plate xiii, figs. 1—7 ; plate xiv, figs. 4, 4a.
1865. Bithinia na.sa, Theobald, Journ. As. Soc. Bengal, XXXIV (2), p. 475.

1870. Bithinia nassa, id., ibid., XXXIX (2), p. 402, pl. xviii, fig. 8.
1876. Bithynia nassa, Hanlyy and Theobald, op. cit., pl. xxxvii, figs. §, 9.

Theobald describes the shell ag follows:—

“ Testi clongati, turbinatd, politd, diaphand, solidusculi. Labio expansiusculo,
plici callosa externd munitd. Anfractibus quingue. 045 0-25."

I figure the racdular teeth and external male organ on pl. xiv. Both
branches of the latter are well-developed and, from the point at which .
the organ bifurcates to their tips, are about equal in length. The inner
branch is somewhat expanded distally, but flattened at the apex. The
outer branch tapers gradually to a point. The whole organ is practic-
ally smooth. A band of dark pigment runs along the middle of the
upper surface of the outer branch and of the basal undivided part.

The expanded foot is, tongue-shaped and truncate in front, with
the anterior angles slightly produced. The proboscis is moderately
stout ; not distinctly notched in front ; it extends beyond the anterior
margin of the foot. The antennae are filiform and when fully ex-
panded longer than the Shell. Tuey are, however, highly contractile
and one is often (temporarily) more extended than the other. The
foot, the base of the tentacles and the edge of the mantle are dull yellow ;
the proboscis is black with gold specks, becoming paler distally ;
the tentacles (except at the hase, where they are pale) are greenish and
speckled. . ) i

The operculum is narrowly ovoid, pointed and a little produced
posteriorly ; the marginal membraneous part is narrow ; there is a
well-marked depression in the centre of the external surface : although
the striae are concentric on the peripheral part of the surface, there
is a distinet spiral in this depressed region ; a low but broad ridge runs
along the internal margin. The whole operculum is whitish and trans-
parent. ’

The shell, though not markedly variable in any one habitat, ex-
hibits considerable plasticity and it is possible to recognize at !e..st
four races or phases among the living and fossil specimens we obtained.

Theobald’s types, of which there are several in the collection of
the Indian Museum, came from a locality situated at a considerable
distance north-east of the Inlé basin. The form common in ponds
in that basin does not, however, differ in any important character
from these specimens. All that can be said is that the shells are as
a rule a little smaller and a little more conoidal. 1 think it best, there-
fore, not to distingnish this form by name and will refer to it as the
forma typica, The most interesting feature in which the four races

/

i)
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differ from one another is the structure’and position of the ridge that
runs, nearer or further from the aperture, across thz outer aspect of
the body-whorl. * :

forma typica.

The shell exhibits some variation, and possibly some local plasti-
city in size and shape. The spire is, however, in all cases sharply pointed,
unless eroded, and the colour dull. The condition of the ridges at or
near the mouth is fairly constant. the varix being separated from’ the
lip, Yo which it runs nearly parallel, by a broad groove. This groove
i8, however, somewhat variable in breadth. There is no trace ¢f an
intermediate ridge. y '

Individuals of this type ‘are abundant in ponds round Yawnghwe,
always living amongst dense weeds. They are also to be found, with
the_ race lacustris, at the edge of the Inlé Lake, but never in the central
region. .,

’ Type-specimen. M. 22372, Zoological Survey of India (Ind. Mus.)
(Theobald Coll.). '

subspecies lacustris, nov.

This race differs from the forma typica in its narrowcr, more pointed

and more brightly coloured shell and in the structure of the varix and
lip. Tt also attains a larger size and the microscopic sculpture of the
surface of the shell is usnally more strongly developed. In both these
latter characters, however, it is somewhat variable. Well-developed
shells are as much as 10-5 mm. long by 6:5 mm. broad. Microscopic
longitudinal striae run, ¢losé together, along all the wherls and .the
shell is sometimes minutely decussated ; obsctre spiral ridges aze also
sometimes to be detected, while opaque, almost flat longitudinal ribs
can be seen on the body-whorl of some individuals. In fully developed
shells the edge of the aperture is always widely separated from the
varix, which does not run parallel to it but rather acrocs the arc it
forms. The distance apart of the two ridges is” variable. The inter-
mediate space, moreover, is not a groove but distinetly convex ; strong
transverse striae and often one or more incompletely developed trans-
verse ridges oceur on it.
_ The largest and most brightly coloured shells of this race are found
In the least congested part of the intermediate zone of the lake.
They are of a pale amber-yellow colour. In the central region shells
do not as a rule exceed 9-5 mm. in lengtk and, when free from minute
!ﬂgae, are of a pale eream tint. These shells also tend to have the
spire narrower and more sharply pointed. In all parts of the lake
this molluse is found amongst dense growing weeds.

Type-specimen. M. 11135/2, Zoological Survey of India (Ind. Mus.).

subspecies rivalicola, nov.

The shells of this form aré much thinner than those of the others
assigned to the species. They are of a dull green colour and have the
longitudinal striae well-deéveloped. The spire tapers less regularly
than in the forma typica, the whorls are more swollen individually and

M
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the suture more impressed. The varix is very low and the thickening
of the margin of the aperture comparatively slight ; the relation befween
the varix and the edge of the shell is similar to that noticed in the forma
typica. :

We found a few specimens of this race among weeds in the back-
waters of small streams at Thamakan, which lies some 1000—1200
feet higher than the Inlé Lake.

Type-specimeni. M. 11139/2, Zoological Survey of India (Ind.
Mus.).

» subspecies distoma, nov.

The shell is small and compact, not exceeding 8 mm. in length and
5 mm. in greatest breadth. The longitudinal striae are often well-
developed, but the surface has a smooth appearance. The varix, which
is prominent, is situated very close to the edge of the shell.

Shells of this race are abundant in a fossil and subfossil condition
on the He-Ho plgin in all the deposits that we examined. It must
be regarded as the most primitive in the series of forms to be included
under the name Hydrobioides nassa.

Type-specimen. M. 11140/2, Zoological Survey of India (Ind.
Mus.).

Hydrobioides avarix, sp. nov.

Plate =iv, figs. 1, 2, 2a, 2b, 2¢.

In this species the shell, though the peristome is thickened, entirely
lacks a varix on the body-whorl. I can find no trace of a ridge. Cther-
wise the shell closely esembles that of H. nassa distoma. It is
small (not longer than 7 m.n. and broiider than 3:5 mm.), moderately
thick, with longitudinal striae, of a dark olivaceous colour. I have
axamined the animals of several individuals. The females agree pre-
cisely with those of the typical form of If. nassa in external anatomy.
I have found only one male. ' Tts external male organ only differs from
that of H. nassa typrea in that the internal branch is much shorter.
This, however, may be due to immaturity or contraction. The radula
closely resembles that of H. nassa (see figures), except that the outer
lateral tooth is slightly broader and the marginal tooth a little shorter.

Measurements of shells.

mm. 1. mn.
Length of shell 7 G+ 625
CGreatest breadth 4 495 1 4
Length of aperturo 3-5 3 2:5
2.5 236 2

Greatest hreadth of aperture

The operculum is a little broader than that of H. nassa and less
clearly spiral in the centre ; it lacks the membranous margin.

Most of our specimens have the tip of the shell eroded.

This species was found in great aburidance among weeds (Hydrilla)
in a stream of slightly warm water flowing out of a spring about a mile
from the edge of the Inlé Lake near Fort Stedman. | have discovered

in the collection of the Indian Museum some shells from Moulmein in
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Tenasserim which belong to the same species. They “are labelled
* Bithynia submassa, Nevill.”” This is apparently .a nomen nudum.
They only differ* from the -Shan types in being slightly larger, the
largest being about 9 mm. long. * '

" Type-specimens. M. 11127-9/2, Zoological Survey of India (Ind.
Mus.). From near Fort Stedman.””

-
Ve

Hydrobioides nana, sp. nov.
. Plate xiv, ﬁg 3.

Shell conoidal, moderately elongate, thick, transparent, brownish,
with the spire darker than the body-whorl, smooth and polished”on the
surface, narrowly umbilicate, with “the spire straight, blunt ; with 4
whorls ; whorls swollen, suture somewhat impressed ; aperture large,
ovate, oblique, bluntly pointed posteriorly ; peristome thickened,
continuous ; no varix on the body-whorl. v

Measurements of specimen.

mm.
Tength of shell ) 275
Breadth of shell 1-75
Length of aperture 1-25

The operculum is ovoid, thick, whitish, translucent, with the central
area marked off by a distinet external ovoid ridge in the adult, with
very numerous fine concentric striae.

From young shells of /. »tssa those of this species can he recognized
by their more swollen whorls, less pointed cperture and umbilicate
condition, and especially by the structure of the operculum, which
in young massa is distinctly spiral.

We found about half a dozen specimens of this species at the edge
of the Inlé Lake at Fort Stedman and in‘a small pool in the marsh at
the northern end of the lake. I have been uaable to examine the
a‘nntomy. :

Type-specimen. M. 11289/2, Zoological Survey of India® (Ind.
Mus.).

Hydrobioides physcus, sp. nov.
Plate xiii, figs. 8, 8, 9; plate xiv, figs. b, 5a.

Shell thick, translucent, white or pale yellow, globose, subneritiform,
sub-umbilicate, with the spire short, pointed, directed obliquely back-
wards ; suture not strongly impressed; 4} whorls, the body-whorl
relatively very large and swollen. Aperture patent, oblique, almost
as broad as long, with the outer lip slightly produced outwards, not
much thickened, as a rule brownish ; columellar callus very broad
longitudinally striate, strongly convex. The first 3} whorls rounded ;
basal whorl with a strong but blunt ridge running round its dorsal
aspect a short distance below the suture and as a rule broken up more
or less distinctly by longitudinal grooves ; other almost obsolete spiral
ridges sometimes to be detected running parallel to it on the central

M 2
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part of the whorl. The whole shell ornamented with coarse, more, or
Jess sinuous longifudinal striae. The varix, which is not well-defined,
running a short distance above the lip, but not precisély parallel to it,
on the central part of the whorl. -

"

©
Measuremenits of shells.

mm. mm. mm.
Total length ... e 65 7 G5
Greatest breadth N s 02D G256 6G:25
Length of aperture e 325 14 375
" Greatest breadth of aperturs SR ity 3 3

The radular teeth and external male csgan are figured on pl. XIV.
The latter differs considerably ffom that of P. nassa. The inner
branch is much longer, distinctly annulated and not at all expanded
at the tip; the outer branch is irregularly annulated and narrowed
abruptly a short distance before its apex, which is blunt.

The foot is:quadrangelar, expanded in front, truncated behind, -

with a slight median posterior notch. The outline of the posterior
extremity is, however, subject to considerable variation. The outline
of the anterior margin is sinuous. The proboscis is stout and short
and notched in front, it does not extend quite so far forward as the
anterior margin of the foot. The tentacles are slender and tapering,
not quite as long as the shell when fully extended. All the soft parts
extruded from the shell are bright olivaceous, speckled with golden
green. {
The opereulum is broadly oveid, bluatly pointed posteriorly ; the
central part is thick and. almost pereelainous, but translucent ; the
membranous marginal border is rather broader externally than inter-
nally. The oyter surface is flat with a small depression round the
nucleus, which is less clearly spiral than in H. nassa. There is a gtrong
semi-cireular ridge running‘round the outer margin of the thickened
region on the inner carface.

Type-specimen. M. 11113/2, Zoological Survey of India (Ind. Mus.).

This species is extremely abundant in all parts of the Inlé Lake
and also in swamps at He-Ho. It is found in much smaller numbers
in ponds near Yawnghwe. I can discern no constant difference
between shells from different localities or types of habitat, except
that those from He-Ho are slightly smaller than those from the Inlé

Lake.
(tenus Amnicola, Gould & Haldeman.

'

I assign provisionally to this genus a species which apparently
differs from the American forms in having a testaceous operculum.

Amnicola alticola, sp. nov.
Plate xiv, figs. 6, 6a.

Shell ovately fusiform, moderateiy elongate, minute, thin, trans-
parent, chestnut-brown, sculptured with véry minute longitudinal striae
set close together, otherwise smooth, strongly opalescent internally,

.
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ith the \\hmls swollen in cboth planes and the suture impressed,
arrowly umbilicate ; aperture large, broadly sub-oval, rounded hoth
\ front and behmd strongly ruuatc and pxojectm;:, lip thin, sharp ;
lumella arched.

Measurements of specimen.
v
mim.

Length of shel ... Tt W

Breadth of shell ... Ao 2

Length of aperture Sie S
« Greatest breadth of aperture ... ' 1

The operculum is ovoid, pointed posteriorly, broadly rounded or
ib-truncate antouoxh ; it i thick but hyaline ; 4 whorls can ‘ve dis-
nguished on it ; the outer surface is ‘hearly flat ; numerous spiral striae
m round its poriphcr}'; the inner surface, which has a peripheral
dge, is strongly convex. Towards the periphery the suture becomes
1e1ely a ridge on the inner surface.

Type-specimen. No. M. 11110/2, Zoolngical Survey of India
'nd. Mus.).

The species is probably allied to 4. cincia, Gould, from Tenasserim,
ut differs in that the body-whorl of the shell is not subcarinate. From

. parvula (Hutton) the shell may be at once distinguished by the
umder whorls of its spire. Moreover, 4. parvula is stated to have
horny operculum.

This species is not uncommon in the Inle Lake, in which it occurs
oth in the central region and the marginal zone, always among living
eeds. We found severalsubfossil shells on_the banks of the He-Ho
ream. They did not differ from fresh q»ullﬂum

Family VIVIPARIDAE.

Genus Vivipara, Larmarck.

It is a remarkable fact that only a single specimen that can be
ssigned to any normal species of this almost universally distributed
enus was found in the course of our tour in the Southern Shan States.

' Vivipara lecythis (Benson).

1836. Paludina Lecythis, Benson, op. eit, p. 745.

1876, Paluding lecythis, Honley and Theobald, op. e, pl. Ixxvi, fig.

1909, Vivipara leeythis, Kobelt, Paludinen in Martin and Chemnitz, ( nndn Cab.,
p. 148, pl 30, figs, 1, 2,

Specimens of this species from different localities differ considerably,
ut as we obtained only a single broken shell in the Inlé Lake, it is
npossible to describe the local race it probably represents.

The shell was found floating on the surface of the water in the mar-
inal zone close to the western shore of the lake.

Genus Taia, gen. nov,

1 have thoulrht it.necessary to give a new generic name to a group
f Viviparidae that seems to be pec uliar to the Shan Plateau and Upper
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Burma. The shells of these remarkable tpecies exhibit affinities Foth
with Vivipara (s.0.) and with Margarya, Nevill ; they also have some
resemblance to those of Tulotoma, Haldeman. *

The genus may be defined concisely as follows :—

Shell conical-ovate, conoidal or 2onical, varying greatly in thickness
but never excessively thick and often quite thin, with coarse longitudinal
striae and strong spiral ridges usually of a granular, nodular or squamous
structure ; at least three such ridges present on the basal whorl ; whorls
7 to 8; spire well-developed, often produced but never cylindrical ;
aperture of shell sub-triangular,” often contracted above ; columellar
callus very broad and thick, extending over the umbilicus in the form of a
convex idge or flat plate ; operculum nearly_as larde as aperture of shell,
horny, pyriform, concave on the wexternal surface, and with a strong
ridge along the inner margin, with the muscular scar relatively large
but not very thick, with at any rate the outer margin membranous.
Radular teeth eloxgate, with the terminal denticulation strong, with a
well-developed lamellar process on the tip of the central and lateral
teeth. Anatomy of the soft parts as in Vivipara.

Type-species : Vivipara naticoides. Theobald.

I assign to this new genus eleven species from the Shan Plateau ;
also Vivipara noetlingi, Kobelt, from the Lower Chindwin district of
Upper Burma and an undeseribed species from Ava on the Irrawaddi
which I only know from a single broken shell. Of the Shan species
six are extinct.

In describing a new genus and so many species 1 have followed the
course that seemed most convenient. In, the first draft of this paper
I adopted & trinomial o# rather quadrinomial system, but not only
did 1 find myself constantly tripping over the names, but in several
instances could not be quite sure to which species to assign a subspecies.
Moreover, between the different sets of specimens that I had proposed
to regard as representing distinet races or varieties I found constant
differences in the form of operculum and in the proportions of the radu-
lar teeth, in all instances in which it was possible to examine these
structures. ¢

The development of the columellar callus, which sometimes extends
from the aperture across the whole of the lower surface of the inner
part of the body-whorl, is the most constant feature of the genus, and
distinguishes it from Margarya and also from Tulotoma. This con-
stitutes a resemblance to the Chinese genus Rivularia, Heude, but in
other respects the structure and form are very different. From Tulo-
toma. Taia is also differentiated by the structure of the prominences
on the chief spiral ridge of the body-whorl. My friend Mr. G. H.
Tipper of the Geological Survey of India has been kind enough to cut
sections of shells of Margarya melanioides, Tulotoma magnifica® and
Taia lacustris for me. In transverse sections of the Tulotoma shell,
the prominences on the chief ridge of the body-whorl appear to be com-

! For figures of this shell, which is apparentiy somewhat variable, see Kiister's Mono-
graph of Paludina, ete., in Chemnits’s Conch. Cab,, p. 23, pl. v, figs. 3-6 (1852), 7.
'n:;!gn{ﬂm lives on stones in the Alabama river, It is the only known living species of
its genus,
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posed of convex, concentric, Jlayers of shell-substance. The layers are
often oblique, but not so oblique that the layer is directed outwards
or forwards on the shell. In similar sections of the shell of Margarya
and Taia the layers of shell-substance are nearly straight, and project
outwards and forwards in the form of well-defined lamellac. In a
longitudinal section the appearant® of the layers would be hardly °
different in 7'@lefoma, but in the other two shells they would be con-
vex and more or less concentric. This is evident from the fact that
the prominences in the American shell are arched both longitudinally
ands transversely, whereas in the Asiatic shells their convexity is longi-
tudinal ; horizontally they project almost flat.

Kéy to thé Shan Species of Taia.

A, Shell somewhat globosely conoidal.
1. Shell almost subumbilicate, with the spiral ridges
always present but never strongly developed and
never regularly tubercular or squamous g 1. theobaldi.
2, Shell entirely non-umbilicate, with some or all of
the ridges distinotly tubercular if -at all well
defined, sometimes almost absent.
(a) Shell obese, thick, with the microscopic sculp-
ture on the apical whorls resembling a web
of fine cloth, with the spiral sculpture gra-
nular or tubercular 7. ohesa.
(b)) The microscopic seulpture of the x\pwal whorls
less well developed ; shell as a rulo longer
and less obese.
(i) Spiral sculpture extremely variable; a
regular serics of subspiniform scales
. nevgr present on body-whorl - 1. naticoides,
(1) Spiral sculpture nuch morg, constant, o
granular or tebercular, sometimes with
n regular series of subspiniform scales
on the body-whorl v T, intermedia.

B. Shell clongate-conoidal.
1. Elongation of shell moderate ; shell thin ; a regular
series of subspiniform scales presen on the body-
whorl T. shanensia.
2. Elongation of shell Lun“l(ltrubh. suture cxlremcly
oblique above body-whorl ; scale-like projections
e on body-whorl, if do\'clopod, never spiniform.
(i) Shell large (length 45-60 mm.), extremely g
clongate 7. cylindrica.

(i1) Shell smaller (lulgth 35-37 mm ). less c]on- )
gate ... X weo T lacustris.

C. Shell conieal,
1. A regular series of subspiniform or spiniform seales
never produced on the shell . 7. analogu.
2. A more or less regular series of apmlform or sub-
spiniform seales present on the body-whorl.
(i) Scales on  body-whorl spiniform, regular;
ghell not exceeding 82 mm. in length, nar-
rowly conical, constant T. intha.
(ii) Seales on body-whorl H\ﬂ)kplnlf()nn, Jess To-
gular ; shell” at least 85 mm. in lcn.zlh,
less parrowly conical, varable in size,
shape and sculpture.

() Seales on "body-whorl irregular; shell
at least 45 mm. in length, thick ... 7. conica.
(b) Scales on lmd) -whorl more prominent
« and less irregular; shell as a yule
less than 40 mm. long, thinner ... 7. elitoralis.

>
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% Taia theobaldi (Kobelt).

Fiate xv, fig. 18 ; plate xvi, fig. 1;
plate xviii, fig. 15-17.
1009, Vivipara (naticoides var. ? ) theobaldi, Kobelt, Paludinen in Martin end
Chemnitz’s Conch. Cab. (ed. Kiuster), 1« 151, pl xxx, figs. 10, 11.
Kobelt describes this species as follows :— -

" Testa exumbilicata, ovato-conica, tenuis, haud nitens, unicolor fusco-olivacea
vel sub-nigricans subtiliter striatula, plerumque limo ferrugineo adhaerente induta, apice
nigricante. Spira conica, apice acuto. sutura parum impresse. Anfractus 7, superi
convexi, inferi supra planatt et angulati, carinis spiralibus plus minusve distineiis 3
cincti, ultimus acute carinatus, carina versus aperturam distinetiore et subtuberculata,
utrinque convexus, carinulis tribus superioribus, prima et secunda magis approximatis,
duabus inferis minoribus cinctus, antice descendens, basi irrcgulariter costato-sulcatus,
spirac altitudinem superans, Apertura parum obliyua, basi recendens, ovata, supra
acutiuseuls, faucibus coerulescentibug, vix fusciatis: peristoma ecallo anguste nigro-
marginato continuum, margine externo vix inerassato, extus ad carinam angulato, colu-
mellari calloso, distincte dupliei sed parun. incrassato, albo, nigro-marginato.

Alt. 31-5, diam. 24, alt. apert. obl. 17, diam. 12 mm.”

I

1 figure the radular teeth and operculum on pl. XVIII, figs. 16, 17.
The former are of a dark brown colour.

The species on the whole is a constant one, but somewhat variable
in colour—partly oving to the fact that there is often a deposit
of some kind o the surface, and partly because the dark spiral bands
may be either present or absent. It is as a general rule smaller than
T. naticoides. The whorls are more separate and more swollen. The
spiral sculpture is never very prominent, and never includes well-defined
nodules, granules or scales. Two of the spiral ridges of the body-whorl
are usually more prominent than the others, An interesting feature
of the shell is that, the co'amellar 2allus is not so well-developed as in
the other species of the ferus, and the shell in consequence is almost
subumbilicate. The callus, however, has exactly the same general
structure as in 7. naticoides and its allies.

We found 7. theobaldi living in abundance in small streams devoid
of vegetation ‘both in the Inlé plain and near Kalaw, 2,000 feet higher.

l . . . . - -
It is also common at the latter locality in a subfossil state in the soil,
and we obtained single specimens both from the superficial deposits
of the 'He-Ho plain and from the caves at Hsin-Dwang.

Taia naticoides (Theobald).

Plate xv, figs. 16, 17 ; plate xvi, figs. 3-6;
plate zviii, figs. 1-3.
1865, Paludina naticordes, Theobald, op. eit, p. 274, pl. ix, figs. 1.3,
187!;. V';v?p;:: S;mnumia. id., Cat. Land F'resh W. Stells, Brit, Ind. Moll., p. 4.
1876. Paludina naticoides, Hanley and Theobald, ep. cit., pl. Ixxvi, figs. 1, & 4.
1884, Paludina naticoides, Nevill, op. eits, p. 25. :
1809, Viviparu naticoides (with var. obsolescens’), von Martens, Wiegm. Arch.
Naturg. LXV(1), p. 35, pl iv, figs. 4, 5.
1009. Vivipura naticoides, Kobelt, op. cit., p. 149, pl. xxx, figs. 4.9,
1915, Vivipara naticoides, Preston, op.cit., p. 85.

Kobelt gives the following Latin diagnosis of the species :—

Testo exumbilicata, ovato-aouts, solida, crassa, parom nitida, undique oblique cos-
tellato-strinta, costellis confertis, regularibus, Sculptura spirsli obsoletissima, olivaceo

iFptidded onap lmmature shell.



1918.7 « N A.\'.\’;\NDAJ‘.P;: Maolluses of the Inlé Lalke. 127

viridis, fasciis latis castaneis 2 in anfractibus superis, 3 in ultimo ornafa. Spira conica
apico acuto, nigrofusco ; sutura distincta pallidius marginata, interdum subirregulariter
impressa. Anfractus 7 regulariter accrescentes, supri convexi, lae—es, inferi ad suturam
planati et cingulis spiralibus parum prominentibus distantibus varie cingulati, ultimus
interdum subrotundatus, interdum distirgte angulatus, postice spirae altitudinem
superans, antice vix descendens. Apertura obliqua, irregulariter ovata, faucibus fusces-
centibus fasciis translucentibus ; peristoma callo erasso fuscescente continuum, margine
externo recto vel (?in spee. adultioribus) leviter expanso, columellari usque ultra basin
valde calloso, incragsato, dilatato, interdum saturate fusco, appresso, umbilicum ormrnino
claudente. :
Alt. 32, diam. max, 215, alt. apert obl, 18, diam. cum perist. 16 mm.

The operculum and radular teeth are figured on pl. XVIII, figs. 1, 2.
The teeth are rather paler in colour than those of 7. theobalds.

All authors who have referred to and Agured the shell have recog-
nized its variability. * Theohald in his original description named two
varieties (fasciata and carinata), while Nevill gave the typical form the
name var. concolor. These varieties, however, as their authors re-
cognized, have no constant character and are linked together by inter-
mediate phases. They represent no more than individual variation,
and shells belonging to all of them, and to intermediate phases, occur
together under identical conditions. The species also exhibits a cer-
tain racial variation correlated with environment. Theobald’s speci-
mens, of which some are preserved in the Indian Museum, were from
the Upper Salween in the eastern part of the Shan States. Unfor-
tunately we have no information as to the type of environn.ent in which
they were found. They are of relatively small size. and of somewhat
elongate form, though the body-whorl is usually globose or sub-globose.
We found in small sluggish streams on the He-Ho plain a very similar
race, exhibiting almost the same variation in shell-characters, but
including individuals of somewhat larger sizé. In ponds and swawmps
in the Inlé basin there lives a slightly different race, with the shell of
somewhat smaller size, a little more globose and never with the sculp-
ture so well-developed as in the var. carinata. The djﬂerepccs in both
races are beyond the range of exact statisties or of mensuration, depend-
ing as they do mainly on differences in outline end details of the pro-
minences on the shell and of colouration. I will, however, discuss them
as precisely as possible later (p. 160). ol :

The form that I have described in this paper as 7 atc_a-‘n:wr-medm
(p- 128) is hardly more than a standardized type of 7. nqucocdes var,
carinata, but the fact that it is standardized is of great interest and
seems to warrant its reception of a differential name. 1 have already
alluded to the awkwardness inherent in a trinomial nomenclature when
large numbers of allied forms have to be considered, and here _the diffi-
celty is increased because intermedia is to all appearance a fairly con-
stant form derived from and but little differentiated from a most variable
species. To adopt for it Theobald’s name carinata might he legltimfmte
on purely technical grounds, but this would conceal its true relation
to 7. naticoides. Moreover, its identity with the var. carinata of
that species, though closely approximate, is not absolute (see figs. 3-6,

1. xvi). : :
~ Tho) only locality records for 7'. naticoides, apart from Theobald’s,
are Kobelt’s ;—Meungyaw iz Upper Burma and Lashio in the Northern

Shan States.
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s Taia intermedia, sp. nov.
Plate xv, fig. 13 ; plate xvi, figs. 7-9.

I describe this form, as I have already explained, as a distinct species
purely as a matter of convenience insnomenclature, for it certainly
does not appear to be more than a fixed race of the inconstant species
T. naticoides. It will be sufficient, therefore, to note”the differences
that distinguish it. :

The shell is always a little more conical than that of 7. naticoides
and has the sculpture of the spiral ridges definitely nodular, but” the
nodales are small. The main ridge of the body-whorl is not as a rule
strongly developed, but in‘some shells has a scaly character. Occa-
gionally definite squampus projections aré’ present on this ridge, but
they are never spiniform and rarely arranged in a regular series. The
first four whorls of the spire are smooth, buf there are at least two
nodular ridges on the fifth whorl. The aperture of the shell, though
somewhat variable, is relatively small and narrow.

Measurements.
mum. min. mu. mim.
Total length ... st 2O, 3L 33 32
Greatest breadth e 23 22 256 20
Length of spire (on dorial surface) ... 17 14 14 15
Length of aperturc <t B A 13 15 14
Greatest breadth of aperture ik Ak 10 11 10

~Type-specimen. M. M030/2, « Zoological Survey of India (Ind.

Mus.). \
Shells are common in a subfossil condition in all the superficial
deposits of the He-Ho plain, but the species appears to be extinct.

; ., Taia obesa sp. nov.

Plate xv, fig. 19; plate xvi, fig. 2. p

1
This species is distinguished from 7'. naticoides mainly by its very

.thick shell and more globose form. The two basal whorls are con-

n, and the outline of the whole shell is less broken.
The ventral surface of the basal whorl is considera‘bly swollen. The
aperture is very broadly ovoid, sub-angulate posteriorly and rounded
anteriorly. The columellar callus is broad, rather flat and very irreg-
ularly grooved in a longitudinal direction. o
Microscopic transverse striae are al)u_ndn.nt and .\vell~develnpe¢} on
the protoconch, forming with the longitudinal striae a well-defined
pattern like that of the web of fine cloth. The first five whorls are
otherwise smooth. There are either two or three well-defined low
spiral ridges on the sixth whorl, on which the microscopic pattern 18
continued. The ridges are undulate on the surface. On the upper
part of the body-whorl there are two ridges that have a mark(-,d granular
character. The third ridge is more prm.xiumlt_an(l occasionally ex-
hibits a certain squamosity. Below it there are three lower undulate

siderably swolle
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, ridges. The longitudinal striae are coarser and more irregular on this

' whorl and have sometimes almost the character of low ridges.
f 1

Measureménts of shells.

t', Foo8 min. mm.

] Total length R (1) 3D
: ' Greatest breadth e - 30 26

: Length of spire (on dorsal surface) A ) 1P
. Length of aperture ... \ 20 ose 120 18

) Breadth of aperture ... 5 < e A& 13

V

Type-specimen. M. 11037/2, Zoologital Survey of India (Ivfd.
Mus.). A cotype in the collection of the Geological Survey ot India.

Four shells of this species, two of which are immature. were found
in the cave-deposits of the Hsin-Dawng valley in red soil.

r

. Taia shanensis (Kobelt).

4 Plate xv, figs. 14, 15 ; plate xvi, fig. 10;
' plate xviii, figs. 4-6. .

M diend o . S

. 1900. Vivipara shanensis, Kobelt (nec Theobald), op. cif., p. 411, pl Ixxvii,
fige. 4, 5.
1015, Vivipara shanensis, Preston, op. cit., p. 93.

There has been some confusion about the specific name shanensis.
It was first introduced into literature by Theobald in his ** Catalogue ™
(1876) as an absolute synonym of naticoides, a name which he had
himself used in 1865 for the species here c#lled Taia naiicoides. - He
proposed the change of name under the impression that naticoides
was preoccupied in Paludina.® Kobelt, however, in 1909, under
a misapprehension, revived the name shanensis, which had been

+  dropped by Nevill and other Indian authors, but applied it to a
different species. He did this, apparently, because he found in qul.-,
lendorff’s collection specimens of this species labelled * shanensis "’
and stated to have come from the ““ Gebiet der Shan in Hmt;crm_dnep,‘
and because he was unaware that the types of Paludina naticoides, which
was described as from the * Upper Salween,” also came from the Shan
States. He therefore concluded that the form shanensis was at least
a “sehr gute Lokalform.”

His Latin diagnosis is as follows :—

* Testa L:xlunbilicntu., ovato-conica, solida, crassa, eblique striata, .in aufractibus
inferis spiraliter et pecaliariter costata, costis nodosis, nitida, virescenti-fusea, subuni-
color vel subnigro trifasciate. Spira elata, apice acuto, nigro; sutura distineta, inter
anfractus inferos subirregularis, impressa.  Anfractus 7, superi 3 lc"nhs‘slme P o
scentes laeves, conulum regularem formentes, superi subscalati. livis spiralibus rudibus

_tribus primum laevibus, dein tuberculatis, sculpti; ultimus postice fere 3 5 altitudinis
aequans, livis tuberculiferis vel sereibus tubereulorum obliquis 4-5 majoribus nonnullisque

\ \ minoribus cinetus, serie quarta peripherica peculiariter squamosa, aperturam versus

supra sub-declivis, subangulatus, ad angulum productus, vix descondens.  Apertura

irregulariter ovalis, supra accuminata, basi valde recendens, intus concolor vel fasciats ;
peristoma callo anguste nigro-marginato continuum, margine externo tenuni, aciuto, ad
p

> 4

! Strietly speaking he was cm:rcct. in this view, for Férussac's Paluding nalicoides,
now placed in the Hydrobiidoe, has long priority.
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peripherinm subangulato, margine columellari enlloso ; dilatato fusco, nigromarginato,
processum semilunarem, umbilicnom omnino occludeatem emittente. "

Alt. 30, lat. max.w24, alt. apert. obl. 18, «liiun. 1415 mm." X

The teeth, fizured on plate XVIII, fig. 6. are almost black.

The species is a fairly constant one, exhibiting considerable individual
variation in shell-colour in respect to the presence or absence of dark
spiral bands. but not in sculpture or, except sexually, in form of shell.
The shell fizured by Kobelt is that of a ferale ; those figured on pl. XV
of this paper belong to both sexes. The species seems to be closely
related to 7' lacustris, but the saell is larger, thinner and less prodyced
and its sculpture more regular.

7. shanensis lives in great abundance in the marginal zone of the
Inlé Lake, especially towards the shore, where the formation of float-
ing islands and of peat is proceeding with the greatest vigour. The
food consists largely of a somewhat massive alga of the family
Rivulariaceae that contains a considerable proportion of calcareous
matter. It is perhaps in correlation with this fact that the radular
teeth are thicker and darker than those of the other species examined.

Taia cylindrica, sp. nov.
Plate xv, fig. 9; plate xvii, fig. 2.

The shell is thick, of large size, elongate, with the first five whorls
sharply conical, and the two basal whorls subeylindrical, there being
7 whorls in all. The basal whorl is remarkably oblique. The first
four whorls form a regular, moderately broad cone. The fifth whorl
is considerably broader tian the fowrth, but its outlines are hardly
convex. It is nearly as long on the dorsal surface as the third and
fourth whorls together. The sixth whorl is again considerably broader
than the fifth, and about twice as long ; its outlines are a little more
convex. In dorsal view the body-whorl is not much broader than
the sixth, but more than twice as long. This is owing largely to the
abrupt change in the spiral of the suture. In the first four whorls,
which . may be taken to represent the protoconch, the suture is
very regular and not at all impressed ; the fifth whorl is, however,
shouldered. Above the sixth whorl the suture becomes impressed,
and the upper surface of the whorl is sub-angular. Above the seventh
it is also impressed, but considerably more 8o on the outer part of the
shell than on the inner part of che ventral surface. The body-whorl is
not shouldered above, and is no broader above than the sixth whorl.
The ventral surface of the sixth whorl is considerably swollen. The
aperture is broadly ovoid, hardly angulate posteriorly, broadly rounded
anteriorly and very oblique both transversely aud in its longitudinal
plane. The outer lip is slightly produced outwards and downwards. .
The callus is broad, not so promineat as in some species, irregularly
grooved longitudinally. '

The first five whorls are almost smooth to the naked eye, but bear
numerous longitudinal and spiral microscopic striae.  On the fifth whorl
traces of a double ridge can be detected in well-preserved specimens.
The sixth whorl bears four spiral ridges, one of which is situated at
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the lower edge of the whorl. ;All the ridges are more or lgss granular.
This is the case to a greater extent in the two megian ridges. The
microscopic sculpuure is much as in the upper whorls. There are three
irregular ridges on the upper part of the body-whorl, often tending to
split up transversely and always irregularly nodular. The longitudinal
striye on this part of the shell are much coarser and more irregular,
and the transverse striae much less apparent. The fourth spiral ridge
on the body-whorl consist muinly of a row of low squamous projections,
which are not at all spiniform. Below it there are three or four
irrecalar ridges, nodular, sub-nodular 6r undulate on the surface.

Measurements of skells.

o

§ mm.  mnm.

Total length 50 45
CGreatest breadth (without projections) i 27 28
Length of spire (on dorsal surface) A2 25
Length of aperture S W22 21
Breadth of aperture 2 16 16

I have given the measurements of the two most perfect adult shells
we obtained, the first of which I have selected as the fype-specimen ;
but most*of our specimens are broken, and some must have attained
a considerably larger size.

Type-specimen. M. 11028/2, Zoological ;Survey of India (Ind.
Mus.).

We obtained over twenty more or less complete specimens in the
cave-deposits in which the type of T'aia obesa was also found, in the
Hsin-Dawng valley a few miles east”of the town of Yawnghwe.

Taia lacustris, sp. nov.

Plate xv, fige. 10, 11 ; plate xvii, fig. 1;
plate xviii, figs. 7-9.

.. The shell of this species resembles that of 7. eylindrica but is con-

siderably smaller, less elongate and less oblique in the body-whod. Tts
sculpture is more prominent, and at the same time less definitely
nodular. There are two obtuse spiral ridges on the fourth whorl and
four on the fifth. The projections on the chief ridge of the body-whorl
are irregular and have a less definitely squamous character. The
aperture is relatively smaller and less oblique in its longitudinal
and transverse axes. The columellar callus is even broader and
distinctly more prominent. It retains a fine oily lustre even in the
fossil shell.

Measurements of shells.

mm. mm.

Total length w37 35
ireatest breadth (without projections) AR ¢ 23
Length of spire (on dorsal surfose) 220 20
L«npl;th of aperturo ... T S 14

Breadth of aperture ... Zoe o W10 1
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» o

The shell, sometimes retains a trace of colour. It does not seem
to have been banded. 2

Type-specimen. M. 11029/2, Zoolegical Surveys of India (Ind.
Mus.). 9

We found a large series of well-preserved shells of this specieg in
a lacustrine deposit at the easterii’end of the He-Ho plain. It occurs
in the superficial deposits of the same plain, but is there scarce.

Our specimens are fairly uniform in gfructure and shape, though
the details of the sculpture vary slightly. The change in the direc-
tion of the suture above the body-whorl is not so marked in all speci-
mens as in the one figured, which is perhaps the best preserved in the
series. s "

The lacustrine deposit in which the shells were found is at least
20 feet deep, and is divided horizontally a few feet above its apparent
base by a layer of peat only a few inches thick. The shells were found
both above and b;elow this layer, in very fine friable grey clay.

Ta'ia analoga, sp. nov.
Plate xv, figs. 6, 7, 12 ; plate xvii, figs. 3, 4,

The shell is rather narrowly conical, sharply pointed at'the apex,
moderately thick, entirely non-umbilicate. It has seven complete
whorls in addition to a minute vestigial apical whorl or half whorl.
The protoconch closely resembles that of 7' intha but is perhaps a
little broader at the base. Indeed, the whole shell is very similar,
differences being its greater thickness,”rather broader base, larger
size, broader columellarscallus, broadsr aperture ; its less regular sculp-
ture and greater variability in size and shape. In this variability it
exactly resembles 7'. conica and 7' elitoralis, to which I regard it as
the He-Ho analogue. The main difference between it and the shells
of T. conica, T elitoralis and”T'. intha lies, however, in the fact that the
third (or fourth) spirabridge of the body-whorl never has a regular seties
of spiniform projections. This ridge, indeed, is sometimes but little
more developed than the two immediately above it. It is more or less
squamous and sometimes bears irregular projections of a half scaly,
half nodular character. In one of the specimens figured on plate XVII,
the spire is not in the same straight line as the body-whorl, but this
is evidently no more than an individual abnormality.

Measurements of shells. .
mm. mm. mim.
Total length .. e 43 937 35
Greatest Lreadth s 24 24 19
Length of spire (on dorsal surface) v ' 120 18 15
Length of aperture SRANRL 15 14
Breadth of aperture ... R 12 10

Type-specimen. M. 110692, Zuc;iogiml Survey of India (Ind.
Mus.).

N —»‘\._F
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We found four shells of this speciesson the He-Ho plein in super-
ficial deposits. They are all filled with peaty substance. T class the
form as subfossil,” but it may*have considerable antiquity. As it
occurred in much smaller numbers than the other forms associated
with it, it may not have .lived in precisely the same habitat as 7'
intermedia., 9

- -
o

Taia conica, sp. nov.
“~
5 Plate xv, fiz. 8; plate xvii, fig. "8.

The shell is thicks of moderate size, tonical in outline, sharply
pointed apically. There aré seven complete whorls and a rudiment
of an eishth. The protoconch (apart from the rudimentary apical whorl)
consists of four whorls, of which the first three have together a pyra-
midical outline. They are all very small. The fourth whorl is con-
siderably broader, but not very much deeper than the third, and the

“four together are only a little longer than the fifth, while the five are

not much longer than the sixth, and the six a little shorter than the
seventh or body-whorl. The suture is not deeply. depressed ; on the
spire it rups almost transversely across the shell, but above the body-
whorl assumes a marked outward and downward obliquity. None
of the whorls are swollen. The spire as a whole is conical, the body-
whorl. as seen from below, truncate-ovoid, the broader and rounded
end being situated anteriorly. The aperture is oblique, broad and
patent, subtriangular but,_ with all the angles rounded. The lip is a
little expanded outwards and forwards and jpins the columellar callus
at the posterior end of the aperture. The-callus is very broad and
almost smooth.

The whorls of the protochonch are somewhat worn, though not at
all eroded, in my specimens. Traces can still be seen under the micro-
scope of a pair of spiral ridges. These ridges grow stronger on the fourth
whorl and gradually assume a coarsely granular structure. On the
filth whorl they are still stronger, and a third ridge begins to arise below
them round the base of the whorl. On the sixth whorl they remain
much as on the fifth, but the new ridge becomes stronger and more
tubercular, while a fourth, which has from its commencement an irre-
gularly tubercular structure, appears at the hase of the whorl and soon
arows stronger than any of the others : on the ventral surface of the
shell its projections assume a distinctly squamous appearance. It is
this ridee that becomes the chief ridge of the body-whorl, on which
the upper of the two primitive ridges grows obsolete and disappears.
On the chief ridge of the body-whorl a series of strong but not exactly
spinous scale-like projections appear. They are truncate apically
and strongly concave outwardly. Below the chief ridge two others
and finally traces of a third make their appearance. These three ridges
are undulate or irregularly serrate on the surface. '

As the shell is only known as a fossil, nothing can be said about
its natural colouration. It.is actually yellowish white, stained with
red. It retains a certain degree of translucency.

(s
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" Measurements of typegspecimen. X
& - mm.
Total length 5 46
Greatest breadth (without projections) ... 27
Length of spire (on dorsal surface) 18 e
Length of aperture ST % 21

Breadth of aperture o N 16

Type-specimen. M. 110182, Zoological'Survey of India (Ind. Mus.) :
a co-type in the collection of the Geological Survey of India.

I have examined 9 specimens. They were found in cave-deposits
on the eastern slope of the Hsin-Dawng valley. Some of the speci-
mens, including the one selected as type and figured on plate XV,
are in a very perfect condition. g

Taia elitoralis, sp. nov.

Plate xv, figs. 4, 5 ; plate xvii, figs. 5, 6;
plate xviii, figs. 13, 14.

In this living species the shell is considerably thinner and as a rule
smaller than in 7. zonica, apparently more variable in shape and more
regular in sculpture. Af any rate in the male shell the spire is rela-
tively narrower and more elongate, but there is considerable indivi-
dual and sexual variation in this respect. The suture is a little more
impressed and not so oblique above the body-whorl. The whorls of
the protoconch are still smaller but: relatively broader. The ornamen-
tation has essentially the same pattern but the squamous processes
on the body-whorl are moze numenous, mbre prominent and more spini-
form. * . 4 o

Measurements of shells.

mm. mim. mm. mm.
Total length ... 53 . 39 46 35 36
treatest breadth (without projections) 24 24 99 23
Length of spire (on dorsal surface) .. 10 25 17 18
Length of aperture o 1 20 18 17 5
Breadth of aperture SEo L 16 14 13

The epidermis is thin. When not stained by the growth of minute
algae it is brown on the three last whorls, and practically colourless
on the protoconch. Tt becomes gradually darker towards the anterior
end of the shell. The shell-substance is white and translucent, except
in the protoconch, in which it is bluish-grey and opaque. There are no
dark spiral bands. The interior of the shell is lustrous and has a

strong white opalescence.

The operculum is datk brown, broadly ovoid, somewhat sinuous -

on the outer margin, and a little produced posteriorly, though the apex
is blunt. The inner margin is strongly convex. The external surface
is concave, the false nueleus excentric and situated near the outer
margin ; the lines of growth are strongly marked. The internal surface
is convex, its museular scar relatively large. and of a broadly ovoid
shape, approaching the outer surface of tie operculum for a congider-
able distanee. The inner margin is membranous.
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<The external soft parts @re precisély like those of V4vipara. The
radular teeth are elongate, those of the marginal and ®uter lateral rows
particularly so, “and all have a rather pale brown colour. The
central teeth are short and broad, truncate and very slightly emar-
ginate above, with the sides slightly sinuous ; the lamellar projection
of the edge is broad, shallow and nearly symmetrical ; it has five small
denticulations "o either side. The lateral teeth are stout, considerably
longer than the central teeth and produced vertically into a fine
process at the inner basal angle. The'x lamellar process is broad,”and
has“three or four stout denticulations on either side of it. The teeth
of the two outer rows are sub-equal and much longer than those o% the
inner lateral row. &he inner marginal teeth are narrow ard pro-
duced triangularly at the base ; the Jamellar projection points slightly
inward but is submedian; it is small and the denticulations are
rather feeble. The outer margirai teeth are similar in form but
slightly broader. Their denticulations are slender and rather long in
the middle of the edge. becoming gradually shorter on either side.

Type-specimen. M. 11012/2, Zoological Survey ‘of India (Ind.
Mus.).

Habitat. This species lives in the Inlé Lake. - It is not found in
the middle of the lake, though it avoids water fouled with decaying
vegetation, but inhabits the outer edge of the marginal zone (i.e., the
intermediate zone of the lake), concealing itself amongst dense vegeta-
tion. Individuals occasionally stray through'the ring of floating islands
that surround the lake. We found a few shells in a pool in the swamp
at the northern end, and even in the canal at Yawnghwe. The species
is much less abundant than either~ 7. ntha or 7. shanensis. We
obtained only 12 specimens.  ° .

< K

Taia intha, sp. nov.

Plate xv, figs. 1-3 ; platc.xvii_. fig. 7;
plate xviii, figs. 10-12.

® The shell is fairly thin, of relatively small size, narrowly and’

regularly conical, with the spire produced and tapering and the apex
sharply pointed ; it is not at all umbilicate. When complete it has
eight whorls, but the apical whorl is minute and often disappears in
adult shells. It is, therefore, best ignored in reference to them. 1
will describe the embryonic shell presently. 1In that of the adult tlhe
first two whorls (apart from the vestigial apical whorl) are minute,
rounded and smooth ; the third whorl, though still very small, is as
long as the first and second together ; the fourth is twice as broad as
the third and as long as the second and third together. These four
vhorls in a sense represent the protoconch, though they do not re-
present the complete embryonic shell. Below the fourth there is o
slight change in the direction of the spiral often accompanied by a
constriction of the shell. The upper part of the fifth whorl is very
little broader than the base of the fourth, and it does not increase
much in breadth towards “its own base. The sixth whorl is much
broader and deeper, and increases gradually on to the seventh or

PN
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body-whorl, frhich is obliquely transverfe and usually shorter than
the spire. Except the smaller whorls of the protoconch none of the
whorls are swollen or shouldered. The suture is not impressed except
above the fifth and seventh whorls and there only slightly. The
aperture is broadly ovoid, oblique. of moderate size, hardly angulate
posteriorly, broadly rounded anteriorly. The columella is strongly
arched, the columellar callus broad, smooth, and polisheéd. The outer
lip is thin. i

The spiral sculpture commences on the third complete whorl, on
the dorsal surface of which a faint groove appears. As this gréove
curves round the shell its margin becomes gradually raised until it
assumes the appearance of a’pdir of smooth highly convex ridges. The
double ridge thus formed proceeds on to the fourth whorl, becoming
gradually stronger and assuming a granular structure. On the sixth
whorl it becomes regularly tubercilar and a single ridge appears below
it at the base of the whorl near the inner edge of the dorsal surface.
Almost from its point of origin this new ridge has a squamous appear-

ance, and bears small, not at all granular projections. On the body- "

whorl the primitive paired ridge persists, but its tubercles become
irregular and more or less confluent. The ridge that appeared on the
sixth whorl alfo persists and grows stronger, its projections taking
the form of short spiniform processes, blunt at the tip and concave
outwards and forwards. Below this ridge there are two and a half or
three others, all of which are rather feebly developed and undulate
rather than tubercular. ;

-~

y . © Cyys
‘ © Measurements of skells (in millimetres).
R oy n

Total length. ... gy 31 32 31
Greatest breadth (without projections) 20 18 20 20
Length of upire (on dorsal surface) ... 16 17 15 15
Length of aperture oy 12 12 15 14
Breadth of aperture o 10 0 11 10

The colour of the xternal surface of the shell is very pale olivace-
ous green tinged with ferruginous brown. The protoconch is brownish
or colourless ; the fifth and sixth whorls are paler than the body-wherl
but the colour is shaded gradually. The spiral ridges are a little darker
than the rest of the surface, but there are no definite dark spiral bands.
The shell substance is whitish and translucent, except in the proto-
coneh, in which it ig blnish-grey. The inner surface iz whitish, tinged
with brown, but with opaque white bands corresponding in position
with the spiral ridges. This surface is lustrous and has a milky opalesc-
ence. The columellar callus is brown externally and white inter-
nally, very highly polished. :

The embryonie shell, removed from the parent at'fnll time, con-
sists of six whorlg, but the apical whorl, which often disappears n t.,luf
adult shell, is minute. The external colour is very pale green with
several light brown spiral bands. The shape is gub-conical, but the
~ mam axis i8 oblique and the part surrounding the aperture somewhat
produced. The first five whorls havé a different character from the
sixth, in which there is an abrupt change of direction in the spiral.
The minute apical whorl is gmooth ; on the second. whorl a rather

o



3 ’

1918.]° "N. A~~anvare: Mblluses of the Inlé Lake. - 137
obszure, broad spiral ridge Appears; &n the third this grows stronger
while on the fourth it becomes double; on the fiftls whorl there are
three ridges of this kind, and on the sixth, which represents the upper
part of the fifth whorl in the adult’shell, there are five. On this whorl
the two upper ridges become cefinitely nodular.

The operculum of 7. intha closely resembles that of 7. elitoralis,
but is thinner and less produced posteriorly. The radular teeth are
of a bright golden colour. They differ from those of 7. elitoralis mainly
in proportions ; a characteristic feature that both have in commdn is
the coarseness of the lateral denticulation of the 'central tooth. The
differences are that the upper margin of the central teeth is convex,
the teeth of the inner lateral row are ravher larger, only a little longer
than the central teeth, and distinetly shorter than the marginal teeth.

Type-specimen. M. 11004/2, Zoological Survey of India (Ind. Mus.).

Habitat, ete—This species only lives in the central region of the
Inlé Lake, where it is extremely abundant. It crawls slowly on the
bottom, on weeds and on posts, but is very sluggish, and often remains
for days without moving. TIts food consists'of minute algae of a very
soft consistency.

As I have examined many hundreds of specimens of this remark-
able species I am able to speak with confidence of its coastancy. There
is very little sexual variation in the shell and I did not always find it
possible to distinguish males from females by the sheli alone. The
only characters in which individual variation was found were the
development of the spiniform processes, the number of spiral ridges, the
degree of attenuation of the spire, and changes in the direction of the
spiral. In all these points, moreover, the shells that exhibited variation
were what a lepidopterologist would call”aberrations. Shells oceur
occasionally, but very rarely, in which the spiniform processes are
developed on the basal ridge of the penultimate whorl ac well as on the
body-whorl. A shell of this kind is ficured on pl. XV, fig. 2. Shells
in which there are three instead of two tubercular ridges above the
main ridge of the body-whorl are less rare, ana others in which the
spire is considerably more attenuated than usual are still more common,
while shells in which there is an abrupt change in the spiral at more
than one point are not uncommon. In no case. however, is the ah-
normality at all extreme. Towards the edge of the lake shells are a
little larger than those out in the middle, but the average difference
in length is not more than 2 mm. The larger shells, moreover, some-
times have the sculpture slightly less regular and the body-whorl
broader. There is, however, no transition to 7'. elitoralis.

Family AMPULLARITDAE.

1015, Pilidae, Preston, op. eil., p. 96,

Genus Ampuilaria, Lamarck.

1911, Pachylabra, Kobelt, in Martini and Chenmitz’s Conch. Cab, (ed. Kiigter)'
I, pt. II Ampullaria, p. 44.
1915. Pila, Preston, op. cil., p. M.

Kobelt has shown that the American species to which the name
Ampullaria belongs in a restricted sense differ from those of Africa and

N 2
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Asia in. havihg a horny operculum. He, therefore, calls the laster
Pachylabra, Swaifison. Preston calls them Pila, Bolten. I am not
convinced, however, that the generic ivision is necessary, and in the
case of generic names I am not in favour of disinterring those which
have long been buried and forgogten, mven®if this be done with due
rites and in accordance with law.

Only a single species of Ampullaria was found in ‘the Inlé basin
and‘none were obtained, either recent or fossil, on the He-Ho plain.

&
o 'S

° Ampullaria winkleyi, Pilsbry.

. Plate i, fig. 10.

1901. Ampullaria Winkleyi, Pilsbry,«Proc. Ac. Nat. Sci., Philadelphia, LIIT p. 189,
pl. v, figa. 2, 3.
1915. Pila winkleyi, Preston, op. cit., p. 103.

This species is somewhat plastic. In specimens from streams run-
ning out of hot springs on the western side of the lake, the shells are
not longer than 45 mm. and have the mouth narrow, while those from
flooded rice-fields in the same district reach 65 mm. and have the mouth
somewhat broader, though a little narrower than in Pilsbry’s figure.
The latter specimens are also paler in colour. Specimens from the
edge of the Inlé Lake and from the Yawnghwe river are intermediate.
Probably the most characteristic and the most constant feature of the
species is the concentric sculpture of the columellar side of the scar
of the opergulum. This ig constapt in a‘larfie series and differentiates
the operculum from thosd pf . conicz, Gray and A. compacta, Reeve,
in both of which the sculpture is irregular and without definite pattern.

As in many other species, the resting-stages in growth are often
marked by distinct ridges on the shell, and in some specimens from
two to four distinct regions can be distinguished on the body-whorl
in this way. In the‘specimen figured on pl. X there are four regions
of the kind and the last one is much paler in colour than the remainder
of the shell. '

The species was described from Henzada, Pegu. According ;o
Pilshry it is somewhat allied to A. begini, Morlet, a species distributed
through the whole of Cambodia and on the lower Mekong.

PELECYPODA. ;

Order TETRABRANCHIA.
Family UNIONIDAE.

- (Jenus Physunio, Simpson.
1000. Physunio, Simpson, Proe, U. 8. Nat. Mus., 22, p. 830,

Two species from the Tnlé basin that represent this genus both be-
long to the section Physunio, & :

-
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% Physunio micropteroides, sp. nov. <
. Plate xix, figs. 1-3. ] 2

Shell inequilateral, suboval, elorigate, thin, with a broad low blunt
wing on the dorsal margin, rounded anteriorly, subtruncate and often
a little produced posteriorly, with a pair of low diverging ridges
(obsolete in old *shells) proceeding backwards and downwards from
the umbo, with coarse irregular transverse striae on the surface, slightly
inflated ; the umbo rounded, not at all prominent ; epidermis dark
brown, with obscure concentric transverse dark or' black lines; nacre
rather dull, of a livid bluish tint; lateral tooth long, thin, nearly
straight, on right valve trifid almost from its point of origin, on left
valve simple, its hinge-margin obscurely corrugated ; pseudo-cardinal
teeth on both the valves very short, curved, prominent, rounded
ventrally, the left tooth with the edge produced triangularly and some-
what retroverted ; edge smooth on both teeth.

Measurements of shells (in niillimetres):

Type.
Length of shell S 55 55
Greatest depth of shell ... T 30 37
Thickness of shell s wath 16 16 _ 15

Type-specimen. M. 11048/2, Zoological Svivey of India (Ind. Mus.).

Habitat.—Sluggish streams on the Yawnghwe plain, in dense mud
in about 3 feet of water.

This species is very clésels allied to Plzngra,?'o microptervs (Morelet),
with shells of which from Cambedia I have compared my specimens.
It differs, however, in the form of the hinge, in its even less produced
wing, in its less prominent umbo and darker colouration.

I hope that Dr. Ekendranath Ghosh will shortly publish a general
account of the anatomy of this and the suzceeding species.’ Mr. Baini
Prashad has given me a paper for this volume -on the glochidia and
marsupium of both. R .

| The glochidium is parasitic on the fins of the small loaches Nemechilus
bitevis, Boulenger and N, brunneanus, mihi.

Physunio ferrugineus, sp. nov.
Plate xix, figs. 4-9.

. This species is allied to the last one, but larger. with a thinner shell,
with the wing better developed, with the diverging longitudinal ridges
stronger, with the striae on the external surface finer and more regular,
with the epidermis of a rich iron-brown (sometimes with darker con-
centric lines), with the nacre paler, with the lateral teeth more pro-
minent and the pseudo-cardinal teeth of a different shape (see fignres).
In general appearance the young shell resembles P. semialatus.?

Y n Ree, Ind, Mus., XV (1918), The paper I8 now in press,
* Deshayes and Jullien, Novvelles Avchives du Musewm, X, p. 123, pl. vi, fig. 1, 2,
Bulletin, 1874,
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The shape is variable (sge figures), I figure on pl. XIX a series
showing different growth-stages as well as variation gin old shells.

Measurements of shells (in mallimetres).

s - 54 Ty pe.
Length of shell gt P 73 70
Greatest do"pm of shell ... ST b a0 80 7
Thickness of shell 15 18 20

Type-specimen. M. 11290/2, Zoologizal Survey of India (Ind. Mus.).
Habitat.—This mollusc is very abundant in thé semi-liquid mud at

the bottom of the central region of the Iylé Lake in water from™7 to
12 feet deep. Its pdsition of rest in the mud is with the longer axis
vertically upright and the valves buried nearly as far as the posterior
end of the wing. It progresses through the mud by thrusting out the
foot downwards and forwards. This forces the whole animal in the
opposite direction and at the same time presses the dorsal edge of the

. valves downwards. The foot is then withdrawn and the shell regains
its vertical attitude a little in advance of its former position. The
foot is thrust out again and the movement repeated. The result is that
the molluse progresses with a see-saw motion, dorsal edge in front, the
wing assisting greatly in overcoming friction by acting as a kind of
ploughshare. The posterior end of the valves is often covered with a

= massive brown alga of the family Rivulariaceae.

The glochidium is parasitic on the fins of Barilius auropurpureus,

mi/u': «
Suborder Conchacea.
Family CYRENIDAE.
Genus Corbicula, Mergerle.
Corbicula noetlingi, \ Martens.
) Plate xix, fig. 12. i
Q 1899, Corbicula Noetlingi, von Martens, op. cits, p. 47, pl v, figs. 7-0.

Shells from the Inlé and He-Ho basins differ from those figured
by von Martens in being somewhat longer. There is, however, some
individual variation in this respect, and probably greater plasticity.
Shells from Thamakan (alt. 4,000 feet) approach the typical form in
ghape more nearly than do those from the Inlé basin.

Measurements of shells (in millimetres).

Specimen A is from Thamaken, specimen B frem the Yawrghwe river, while
epecimen ¢ was found subfossil in the superfieinl doposits ¢f the He-Ho plaing
specimems D and B, an adult snd a yourg shell, are recent acd from the samp
locality as C.

A. B. Lok D% E.
Length of shell ... w2175 21 2225 295 145
Height of shell ... e 18:25 18:5 205 2025 11:25

Transverse dipmotor O I ¢ TS B 5] 14 16:5 808
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No specieg of Corbicula was.found in the Inlé Lake, but C. noetljngs
is abundant in pgnds, marshes and slow streams in its basin and also
- in similar situations at He-Ho and Thamakan. Ewen the thinnest-
shelled forms of the genus would senk in the semi-liquid mud of the
lake, L3 2
= The species was described froifi*the Northern Shan States.

-

Pisidium casertanum’ (Poli).

Plate xix, figs. 13, 14. o

i1 1878, Pisidium hydaspicola, Theobald, Journ. As. Soc. Bengal, XLVII, p. 147,
* 1900, Pisidium (I"luminiuu) dubium, Lindholm in Korotneff's 1Viss. Ergebn.
* Zool. Exp. Baikal-Seé; IV (Moll.), p. 85, pl-ii, figs 45, 46.
1913, Pisidium casertanum, Woodward, Cal.®*Brit. Pis.,, p. 81, pls. i, figs. 3-6,
iii, fig. 3, xiii-xviii. e ;

t 1015, Pisidium hydaspicola, Preston, op. cit,, p. 225, fig. 27.

1916. Pisidium casertanum, Annandale, Mem. As. See. Bengal, VI, pl. i, p. 53,
pL in, fig. 14,

Specimens from the Inlé Lake and the He-Ho plain are so like those
from Japan, examined by ‘Woodward, in structure and appearance that
they must be assigned to the same species. Their shells differ from
those from Lake Biwa in being as a rule still smaller, in being subtrun-
cate posteriorly. and in having the umbo more prominent. In outline
they closely resemble Lindholm’s figure of his P. dubium from Lake
Baikal, but the shell is smaller, evidently thinner and more transparent
and the external striae closer, finer and more regular. A specimen
from the He-Ho stream is more globose than thgse from the Inlé Lake
and a little broader. 2 '

The follawing measurements (in millifnetres) are those (A) of the
He-Ho: shell, (B) and (€) of shells from the lake.

Al B. (6%
Length PR Y [ 35 295
Height e b 30 2.95
Transverse dismeter ... e 225 175 1-05
Height to length B S ser 121018 L's116:°13 1:23
Transverse diameter to height 1:1:33 1:17 1:18
Trangverse diameter to length 1:166 1:20 1:22 (

The specimen from the He-Ho was found in a crevice in the bn!k
of a tree-trunk submerged at the edge of the stream in a kind of small
backwater. In the soft mud of the central region of the Inlé Lake
the species is not uncommon. In shells from this mud the posterior
extremity is coated with a reddish substance precisely as in Japanese
deep-water specimens. There is no deposit of the kind on the He-Ho
shell.

P. casertanum is widely distributed in Kurope. In Asia it
has bheen reported only from Lake Baikal in Siberia (2-3 fathoms) and.
from deep water (17-30 fathoms) in Lake Biwa in Japan. It seems to
me by no means improbable that P. atkinsonianwm, Theob., which is
not uncommon in small pools in streamlets in the Eastern Himalayas
at altitudes between 5,000 and 10,000 feet, is merely a dwarfed
form of the species, and I am very doubtfel whether P. hydaspicola,
Theob., from Kashmir is specifically distinct.
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. PART II.—PALAEONTOLOGICAL.  «

The deposits in the Inlé and He-Ho basins from which fossil and
subfossil shells were obtained are pf three classes : (1) cave-deposits,
(2)-lake-deposits and (3) superhcna.f doposnts on the banks of streams
and in dried-up marshes.

e
v

! wE-DEPosn's

Thc cave-deposits were dlscovered sin two small limestone caves
on the eastern slope of the valley of the Hsin-Dawnlr stream some three
miles east of the town of Yaw n"h\\c They are at a helght of threc to
five hundred feet above the lc\e] of the Inlé Lake and in what wzs pro-
bably the basin of a small but deep subsidiary lake that dried up at a
period long before the He-Ho lake disappeared. Unfortunately there
are no precise data for fixing the-age of the deposits, but it seems
legitimate at any rate to class the animal remains as fossil. These

,remains were in or upon the surface of banks of red soil, the depth

of which was not ascertained. They consisted (apart ffom teeth of the
Thamin, Cervus eldi—probably those of a single individual) of shells
of T'aia and Melania, those of the former genus bcmtr abundant but the
latter represented by a single specimen. In other \mIds the smaller
molluses such as the Limnacidae and Hydrobiidae that are likely to have
existed in the fauna are entirely absent, whiles the larger shells of more
expanded form are well represented. This is pmbab]y due to the fact
that shells of 7aia when dry and full of air or gas float readily on the
surface of water,? while thosg of molluses of smaller size or more con-
tracted shape such as Planorbis or IFydrobiofiles as a rule sink. If tuis
theory be correct the shells must have floated on the surface of a lake
or pool until they were stranded at the base of limestone rocks and there
been buried. Their unworn condition proves that they have not been
carried by running water.

The remains from these cave dcpos:ts represent the following
species 1 —

‘,] Mammalia. Molluses.

a‘ Cervits ldy, Melania rariabilis.
Tain obesa,
Taia cylindrica.
Taia conira.

These remains must have been contemporaneous, but it is by no
means improbable that the molluses lived in different types of environ-
ment and were brought together in the manner indicated. The deer
and the Melania survive, the species of Taia are all extinct.

Lagg-DerosiT.

At the north-cast corner of the He-Ho basin there is, between two
limestone spurs, a small plain through which the He-Ho river has eut
for itself a narrow but rather deup bed.  On the north side of this bed

! This was obsu'wd both in the Inlé Lake and in the He-Ho streams,
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a deposit of -about 20 feet deep is exposed. It consists for the most
part of grey clay of great friability and composed of very minute particles
mixed with fragments of vegetable origin. This clay seems to be pre-
cisely similar to that now being deposited in the open parts of the Inlé
Lake and we may take it that the deppsit is of true lacustrine origin.
There is evidence, however, that’ ‘conditions did not remain uniform
throughout the period of its deposition, for there exists, about 5 fect
above the base of the exposure, a layer of black peaty substance not
more than six inches deep. Thjs layer must have been formed in con-
ditions different to those in which the friable clay was laid downesand
poiits to a brief interruption in the formation of the deposit. The
whole exposure, nevertheless, «is full of ghells and no difference can be
detected between those above and those below the peaty layer. The
shells found in this deposit were :(—
Limnaca, sp. ? nov. "o Planorbis trockoideus.

Limncea shanensis. Hydrobioides nassa distoma.
Taia lacusiris.

The most abundant form was the Taia. Though in a rather brittle
condition and often broken, none of the shells were at all waterworn.
No other animal remains were observed. I think that the shells should
be regarded as fossil. The Hydrobioides, the Taia and possibly one of
the Limnaeay are extinct.

SUPERFICIAL DEPOSITS,

. The superficial deposits of the He-Ho Hasifi are of two kinds.  Firstly
we have masses of expoeed and usually broken shells lying on the banks
of the He-Ho river in sheltered places. The largest of these is on the
northern bank just above the point at which the stream plunges down-
wards through a narrow gorge into the Inlé plain. This deposit is sit-
uated a mile to a mile and a’half east of the lacustrine deposit exposure
already described ang lies at an altitude of about 3,600 feet, i.e., about
600 feet higher than the Inlé Lake. To judge from the molluses re-
presented in it, it is mainly a marginal deposit formed at the edgefof
the old He-Ho lake. This is indicated in particular by the ahundm’pu
of shells of Succinea. Some of the shells are, however, slightly water-

worn.
The species are :—

Hidrobioides nassa distoma.

Succinea indica. : <
Amuicola alticols,

Linmnaea shanensis.

Planorbis saigonensis. ‘I:m:u theobaldi, e
Melania baccata elongalea. Taia intermedia,
Hydrobiaides turrita. Tate lacustris.

Corbicula noctlingi.

~ No other animal remains were found, except a few land shells, which

may have been quite recent. They include a Plectopylis still living
in the He-Ho gorge. Probably all the shells should be regarded
as subfossil. They include only 4Awo apparently extinct species,
namely Taia lacustris and 7. intermedia. The race distoma of
Hydrobiodes nassa is also extinct,
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{The other kmd of superficial deposit in the He-Ho basin is of a peaty
or calcareous nature, the calcareous parts taking tht form of narrow
ridges of tufa in” the masses of peat. No difference could be detected
bct\\ecn the species from the tufa #nd those from the peat, but there is
evidence that the shells bad in some instances been carried about for
short distances by the streams whose beds are represented by calcareous
ridges,! and it'is probable that all are not precisely of the same age.
Specimens of Melania baccata and of Planorbis exustus in some cases
retain their epidermis, which has entirely disappeared from the other -
shells. The fresher specimens were as a rule foursd embedded in tufa.

The species are :— “
Planorbis edfistus, Taiw intermedict, 9
Melania tuberculuta, 5 Taia lacusiris.
Melania buccata clongala, Taia analoga.
Hydrobioides nussa distoma. Corbicula noetlingi.

These species and races, with the exception of Taia intermedia,
T. lacustris and 7. analoga, still survive. The shells are probably not all
contemporaneous but the deposits as a whole evidently represent the
last stages of the old He-Ho lake, when it had already become a mere
swamp and parts of its bed were practically dry, with small streams
winding through them. I class the shells as subfossil.-

In this section of the paper mention should also be' made of the
extinct phase of Limnaca shanensis dredged from the bottom of the
Inlé Lake. It was the only fossil or subfossil shell found in this position.

Parr 111, —GECGRAPHICAL. .

L. Living MoLLUSCA.

In considering the geographical relationships of the fauna of the Inlé
Lake it is necessary to consider also those-of the non-lacustrine aquatic
fauna of connected waters. In the following lict I have included the
names of all the species and races of Mollusca found in streams, pools
and marshes in both the Inlé and the He-Ho basins, as well as those of
twe species and races that live in the lake. The fossil and subfossil
forms of the district T will consider separately.

Gaxtropoda.

Succinea indiea, « If Jclrubw:du nassa.
Limnaca andersonteana, Hydrobioides nassa lacustris,
Limnaers shancwsis, il ydminocdu ph ycus.
Limnaea mimeticu, Hydrobioides avarix.
Planorhis exustus, Hydrobioides mana.
Planorbis velifer. Amnicola alticola,
Planorbis trochoideus. Vivipara lecythis.
Planorbis calathus, Taia naticoides.
Planorbis caenosus, T theobaldy, g
Melowia bubercwlata. Taia shanensis.
Melania terebra, Taia elitoralis. /
Jhlmuu baceata dorualu Taia intha.

Paludomus ornnla. Ampullaria winkleyi,

1 See the I.utroduutwn to this volume, p. 5.
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P Pblecypoda. 2

Physunio micropleroides. Corbicula noclling:.
Physunio ferrugineus. b Pistdinm casertanwm,

In this list of 30 species and racas we have the names of 13 genera.
Of these, 10 are of wide distribution, one distinctly Indo-Chinese, and
2 peculiar to Burma. .

The widely distributed genera have, as genera, little geographical
interest. The characteristic In@o-Chinese genus (Physunio) is, howgver,
interesting because 1t represents a real element in the fauna of the Shan
Platéau. This genus, of which one species (P. velaris, Sow.) has pene-
trated @s far west as Assam, and another te Sumafra, is found mainly in
Cambodia, Cochin China and Siam. The Inlé species belong to.a
Siamese-Cambodian section of the genus, while the Assamese form
represents a section of wider range.’

The endemic Burmese genus Hydrobioides bears in some respects

the same relation to the widely distributed Bithynia ag Taia does to the .

still more widely distributed Vivipara. Both genera have probably
originated on the Shan Plateau, but have spread sparsely beyond its
borders.

Of the 30 names on the list 28 are those of the formae typicae of their
species, whilp 2 are those of races or subspecies. Of the 28, 16 (more
than half) are those of species endemic or practically endemic on the
Shan Plateau, while 7 (one quarter) are those of species only known
from the Inlé basin. It is clear, therefore, that % well-marked endemie
Shan element is present among the aquatie Mollusea of the district.
It s represented by 17 pu%_ of 30 Species and races, i.e., by over 50 per
cent. of the whole.

No other geographical element is so conspicuous. One Western
Chinese species (Limnaea andersoniana) has been found, while only two
(Paludomus ornatus and dmpullaria winkleyi) apart from endemic Shan
forms are exclusively,Burmese or Burmese and Assamese, and one
(Vivipara lecythis) Assamese, Burmese and Western Cl_niuese. These fm.u'
species (a little less than ome-seventh of the species represented gn
the fauna) -may be considered to compose together a Far Eastc‘,n
element. ;

Two species (Melania tuberculata and Planorbis evustus) are widely
distributed in the Oriental region and M. fuberculata ranges far beyond
the Timits even of that rewion.® It is probable that three other species
(Planorbis calathus, P. caenosus and P. trochoideus) have also a wide
Oriental distribution, but their minute size has caused them to escape
the notice of collectors. and the records of their occurrence are few and
scattered.

Evidence of the existence of a Palacarctic element, though nqt Vers
definite, is not altogether lacking. «Pisidium casertanum has hitherto
been*found only in the Palacarctic Region, and the form that lives in the
Inlé Lake® closely resembles those only known hitherto l'rqm the
eastern part of the Region. from Lake Baikal and Japan. The existence
of a species allied to the Tibetan Limnaeasbowelli on the Shan Plateau
points in the same divection.

~
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No exclusively Indian species is on the list, but Mslania terebra
has been known hitherto only from Assam, and Suecinea indica from
the Himalayas. ©

The living molluscan fauna of the Inlé and He-Ho basins is, there-

’ - . -
* fore, to a considerable extent epdemic, so far as species are concerned.

A Far Bastern element, represented”by one genus and by about one-
seventh of the®species, is also apparent. A certain proportion of the
species, as well as the agreat majority of the genera, are of wide geo--
araphical range, while two of the specieg are Palacarctic or have strong
Palavarctic affinities. Most of the characteristic genera of Indo-China
(e.q., Lacunopsis, Julliena, etc.) are, however, absent and the Pglae-
arctic forms are both Eastern. It seems- by no means improbable,
therefore, that the Far Eastern elgment has immigrated on to the
platean from the north-west, but the importance of the absence of such
genera as Lacunopsis and Jullieng .is somewhat decreased by the fact
that they are mainly fluviatile, whereas the fauna with which we are
dealing is predominantly lacustrine. The Palaearctic forms, moreover,

* may have been introduced by migratory water-birds such as ducks, and
have been able to survive owing to the comparatively low temperature
of the plateau. We know that one of them has been established in the
neighbourhood for a considerable period.

9. Fossin AND Suprossin. MOLLUSCA.

I have already diseussed the different deposits in the Inlé and the
He-Ho basing from which ghells of aquatic Mollusca have been obtained.
Here it is only necessary to consider the shell3 in two categories, those of
fossil and of subfossil forms. The distinction is of course convenfional.

The fossil forms were found in two beds, in cave-deposits near
Yawnghwe in a basin probably at one time subsidiary te the Inlé basin,
and in an old lake-deposit in the He-Ho plain. In these two beds the
following species and subspecies oceur :—

Limnaca, ? sp. nov. Tain theobnldi,
Limnaeq shanensis. Tuia oheza.
Planorbis trochoidens. Qaia conica.
W Meania varighilis. Tuia cylindrica.
Huydrobioides nassa distoma, Taver lacustris,

Of these 10 forms, G (5 species and 1 subspecies) are apparently
extinet and have not been found elsewhere. Moreover, of the four
surviving species only Planorbis conoidevs and Taia theobaldi survive
in identical form, the shells of Limnaea shanensis and the Melania
(which we did not find living in either basin) being slightly different
from those of living individuals.

The subfossil shells were taken in superficial deposits on the He-Ho
‘plain. The following is a list of the species and subspecies :—

Stceinen indice, Hydrobioides turrita, 5
Limnaea shanensis. Hydrobioides nassa distoma.
Planorbis exustus, Amnicola alticola.

Planorhis saigonensiss Tasa- shlermedin:

Planorbis fmrhqs}lf s, Taia theobaldi.

Melania tubereulala. Taia analoga,

Melania baceata clongata, Corbicula noetlingi.
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Most of these shells are specifically idantical with those now found
living in the Inlé basin and only two species (7. analoga and 7. inter-
media) are apparently extinct. Hydrobioides turrita, otiginally described
from the Irrawaddi, was not found living in the district. while the race
of Planorbis saigonensis that survives in the Inlé Lake has changed o
considerably that it has to be descrioed as a new species. The shells of
Succinea, Limnaea and Hydrobioides from these deposits also differ, but
in a less degree, from those of the living forms.

The extinct forms have not been found elsewhere. Among the
living forms there is 'ess apparent trace of the Far Eastern element noted
amgng the living mollusea of the district. but the endemic element is
as clearly marked, represenvec: by the same genera (Hydrobioides and
Taia) and by 7 species, and subgpecies ouv of 14. We have, however,
in these fossil and subfossil forms a much less complete record of the
fauna than in the case of the living Mollusea.

3. CONCLUSIONS.

The geographical conclusions to be drawn from a study of the living
and extinet aquatic inollusea of the district, so far as the latter are known,
are as follows *—

The fauna of the Inlé basin has been isolated for a considerable period
from that of districts outside the limits of the Shan plateau, but not
sufficiently long for the evolution of highly specialized genera,
Some of the living molluses may possibly be descended from forms more
peculiar than themselves that inhabited: lage lakes now no longer
existing, but the ancestors of the majority probably came from the
eadt of the Shan States, i.e., the country now watered by the Mekong
and the Upper Salween. We know very little about the aquatic
molluscs of other parts of the Shan Plateau or of the Upper Salween,
but, except in so far as purelv lacustrine species are concerned, there is
no reason to think that there is any great divergence in different parts
of the plateau. The small Palaecarctic element may have been intro-
duced by the agency of water-hirds, which migrate annually from hivhsre
latitudes. n

Part IV.—PLASTICITY AND EVOLUTION.

We have now considered the molluscan fauna, living and extinet,
of the Inlé Lake and the neighbouring waters from a geographical, a
palacontological and a taxonomic point of view ; there remains to dis-
cuss it in reference to its variability, plasticity and evolution. To do
this it will be necessary to recapitulate the information available as to
each genus and species, searching out parallel instances where possible,
and then to summarize the whaole.

PuLMoNATA.

The genus Limnaea provides ns with interesting evidence as to the
course evolution has taken, and is taking, on the Shan Plateau so far qe

s
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the shell-form of aquatic Gastropods is‘ concerned. The three species
now living in the Inlé Basin belong to two groups, that of L. pervia
and that of L. bdielli. These groups are separated not only by the
form and structure of the shell but also by those of the buccal
armature. To the first group belongs L. andersoniana, while the group
of L. bow=1li is represented by L. shanensis and L. ntimetica.

-

G

- ! ?

Fia. 4.—Shells of Limnaca illustrating differences between pond and stream forms.
a. Pond form of L. andersoniana from a pond near Yawnghwi.
b. Stream form of the same species from a small stream at Fort Stedman.
¢. L. ovala from Germany.
d. L. peregra from Germany.
The figures are not drawn to seale. Fige. C and D are after Thiele.

|

" Two phases of L. andersoniana are found both in the Inlé basin and
in Yunnan., In the Shan States at any rate, one of these phases lives
in ponds, while the other has been found only in a small stream. More-
over, the differences between the shells of the two phases are precisely
comparable to those hetween the Kuropean L. ovata and L. peregra,
forms still accepted by German conchologists' as distinct species, al-
though it has been shown that it is possible to transform the direct
()ﬁsp'ﬁng of one into the other by transferring’the egas of L. ovata into
running water, or those of L. peregra into still water.2 TIn both cases

1 Thicle states that both forms are found in still and slow-running water, but it is
not improbable that the form of the shell becomes fixed at an carly dgo and that s
Inter transferenco would not nltfr it. See Thicle, * Mollusea” in Brauer's Sisswasser-
fauna Dentschlands, XIX, pp. B, 7 (1909). 4

2 8pe Cooke in the volume (LTI on Mollusen, ete. in the Cambridge Natural Histary,
p. 93 (1895). I have not been able to refer to Hazay's work on the subjeot.
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the chief differences between the shells are that that of the still-water
form is consideraoly broader and has a more patent aperture and a
shorter spire than that of the running-water form.

The other two Inlé species of Lintnaea (L. shanensis and L. mimetjca)
are proved to be related to L. bowelli rather Ly the structure of their jaws
and radulae than by any very close resemblance in the shell. The
peculiarities of the buccal armature of L. bowelli are s great that it has
been proposed to erect a new genus for its reception. The similarity in
this respect between L. bowelli pnd the only living phase of L. shanensis
is 80 close as to amount to a practical identity. We know of four phases
of 4. shanensis, three of which are fossil or subfossil, while one survives
in the lake. Information i available as to the habitat in which each
phase lives or lived. The shell in, the four phases represents a gradual
and almost even series from a form of normal shape, not very far re-
moved from that of L. bowelli, but narrower and with a smaller spire.
This phase lived in an open but rather shallow lake at an altitude of
about 3,800 feet. The next phase, which is distinctly narrower and

has the spire rather more teduced, lived in the same neighbourhood and’

at the same altitude, but in conditions that were rather paludine than
lacustrine. The tkird phase, which still lives in the Inlé Lake at an
altitude 800 feet lower, inhabits the marginal zone amidst decaying

vegetation. While going further in ‘the direction of narrowness and

reduction of the spire, the shell differs from all the other phases in its
thinness. The fourth phase lived in the open part of the Inlé Lake,
possibly at a time when the water was very wmuch deeper than it is
now. The shell is in all respects, except that it is rather thick,! that
of a typical deep-water fosm of the genus, and is by no means remote, 8o
far asshape is concerndl, from L. n¥metica, the only species that now
lives in the central region of the Inlé Lake.

In every particular, including thinness and paleness of shell and lack
of pigment in the soft parts, L. mimetica is a typical deep-water form,
although it survives in water that is nowhere more than 12 feet deep.
Its actual descent from the extinct deep-water phase of L. shanensis
is negatived by the divergence in the structure of the radula apd
columella ; the differences are greater than those between that phege
and L. bowelli. L. mimetica and the extinet Inlé form have, however, %t
any rate followed a similar course in the line of descent. The shells in
hoth cases are greatly reduced in size ; the spire is relatively small ; the
whole shell is narrow, and the aperture, though by no means expanded,
is relatively of great size. Tl differences between the shell of these two
forms on the one hand and that of the Tibetan L. bowelli on the other
are strictly comparable to those between L. abyssicola and L. forelt
of the deeper parts of the Swiss Lakes and the common European

— —e i Sl == -

L It has struck me as not improbable that dead shells in strongly caleareous water
‘may grow thicker by the equal deposition on their surface of =alts of lime.  Geologists
whom T have consulted on the subject are not agreed as to the possibility of this but
one diutinguinfmd member of the Geologienl Survey of India tells me that he believes
that it frequently ocours, .

The position of the shells of phuse D an or near ghe surface of the mud is difficult
to necount for if they lived at o period previons to the filling in of the lake, There is
po evidenco that the water-level has sunk to any great éxtent,
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slmvllow-water L. auricularic, from which, according ta Forel! the

* species 7 are derived. )

The cases of L. shanensis and L. mimetica are not altogether parallel
to that of L. andersoniana. for we have not here a difference induced in
the shell by a change from still to running or running to still water,
but rather, at any rate in L. shanehsis, an apparently gradual evolu-
tion. the physical changes in environment connected with whiche are
complex and therefore obsctire. I have already pointed out that phase
D of L. shanensis and also L. mimetica have a considerable resemblance
in shell-form to the deep-water Swiss Species or varieties L. foreli and
L. abyssicola. Swiss conchologists agree with Forel that these dccp-\};ater
Limnaeae are doriveq1 from the common shallow-water L. auricularia, a
species of which the geographical range extends as far south and east as
the great platean just north of the Himalayas and even into Kashmir.
There is in the collection of the Indian Museum a fine series of shells of
this species from various localities ‘on the Pamirs. I have found among
these shells numerons specimens of a phase that is abundant in small
streams at high altitudes in Central Asia. Like the typical form of the
species, it has an expanded mouth to the shell, but this feature is not
nearly so pronounced as in the forma typica. The shell is small compared
with that of the forma typica, although somewhat larger than that of
L. bowelli, with which I propose to compare it as being also a running-
water form from high altitudes on an Asiatie plateau. L. auricularic
is a very plastic species and a large number of varieties have received
names ; [ select one (var. andersont, Clessin %) which seems to bear much
the same superficial relationship to the Pamir form as phase A of L.
shanensis does to L. bowelii. =1t was found in the Gulf of Bothnia in salt
or brackish water and differs frora tfie Pamir phase in that the chell is
considerably narrower and its mouth less patent. I have arranged
outline figures of the Pamir race, of the variety andersoni and of L.
foreli side by side with those of L. bowelli and phases A and D of L.
shanensis. 1t is easy to see how closely parallel the differences and
resemblances are. In all cases the lowest figu-s is much more highly
magnified than the other two.

L. mimetica, so far at any rate as the shell is concerned, seems to bear
nuch the same relationship to the forma typica of the common Indian
L. acuminata, Lamarck, an extremely plastic species, as phase D does
to L. bowelli, and among the varieties of L, acuminate it would be
possiblk to select at least as complete a series of intermediate forms as
in the case of L. auricularia and L. foreli. Extreme types of shell in

L Le Léman, 111, p, 102 (1006).  See also Clessin, Malakoz, Blatt. XXIV, pp. 171-177,
pl. iii, figs. 1-4, 8-9.  Maore recently Roszkowski (Zool. Ans, XL, p. 375) has demonstrated
“hat the genitalia of L. foreli agree with those of L. ctafa rather than those of L.
auricularfa.  The bearing of this fact on the present inguiry is rendered less evident
by the existence of many phases intermediate between L. ovala and L. auriculeria go
far as their shellt are coneerned.  Indeed, Bollinger apparently claims to have found a
complote =ories of shells linking the two together. It may be, therefore, that the true
specific distincetions are anatomical and not conchological.  In any case the facts as
reprosented by Roszkowski—I have Been unable to consult Bollinger’s work—have &
distinct bearing on my remarks inthe next paragraph.

3 Clessin, Malakesz, Blatt, XXV, p. 73, pl. i, fig. 8 (1878),
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L. acuminatal appear to bear ths same rethionsBip to one another as do
L. peregra and Ly ovata, but in this species the differences are not cor-
related with life in still or running water. I have recently examined

o

f

Tio. 5.—Shkells of Limnaea illustrating the evolution of deep-water forms. 3

a. ']‘\vp(-.sp(‘cimcn of L. bowelli from Tilw(. U
b. Living form (phase C of L. uhumna.s).from the Inlé Lake.

. Tossil form (phase D of the same species) from the bottom of the Inlé Lake.
d. L. auricularia. Form fmm_smnll streams on the Pamirs,

e. L. aurienlariac var. andersonisfrom the Gulf of Bothnia,

f. L. foreli from the depths of the Lake of Geneva.

g. L. acuminata. Typical form from Caleutta,

h. Narrow form (?) of the same species from near Khulna in the Gangetic Delta.
i, Type-specimen of L, mimetica from the Inlé Lake.

The figures are not drawn to scale. Figs. E and F are after Clessin.

shells of the narrowest type known*to me—narrower even than the
var. 'gracilior, Marts.—both from the river Ganges and from the

from Rangoon.

1 Dr. N. N. Marsholl has recently sent me specimgns of a small form of L. acuminata
For good figures of the varictics of this species sce von Martens,

Mitth, Conch, 1, p. 75, pl xiv (1886). ;
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tank in the Museum compound in Caléutta. The fgrm smay, indeed.
represent a distinet species, but it is in any case closely allied. The
different phases of L. shanensis probably resemble those of L. acuminata,
assuming the narrow form to be apecifically identical, in this respect,
and there is no more reason to be certain that one is directly descended
from the other, than there would be Teason to claint that the Baltic race
of L. auricularia.was directly descended from the Pamir race, or the
deep-water Swiss forms from the Baltic race, It is convenient to arrange
the shells in a regular series, but it is not improbable that they represent
divergent lines from a common type, rather than a single line of descent
undergoing progressive modification. They may, therefore. be ceiled
links in a chain of evolution only in quite & general sense. Details of
these instances of plasticity’ in Limnaea are different in the different
cases, but they have one important point in common. They provide
little evidence of individual variatior. The individuals of each species
found in the same environment as a rule resemble one another closely,
but those from different environments differ.

These facts, observed under natural conditions, receive considerable
additional interest from the experiments made by Semper,® by de
Varigny,* by Whitfield® and by Roszkowskit in aquaria. The investi-
gations of Semper and deVarigny were carried out indzpendently and
mainly with the object of discovering the results of confinement on
Limnaea. Both experimentors agree that if individuals of this genus are
kept in small masses of water, the shells of their young, bred in captivity,
are dwarfed and more or less altered in shape. They found, moreover,
that the effect was cumulative from generation to generation. The chief
point in which they differed was that of the agency that produced
these changes, but it seems not improbable that the most important
factor in all cases was the products of metabolism. which contamma't,ed
the water and did not diffuse equally through the whole ef an aquarium
even when the individuals on which the experiment was being made
were confined merely by means of a piece of muslin covering the end of
an open tube. This factor was, therefore, essentially a chemical change
in the water. For our purpose it is not necessary to follow these inter- .
es ing experiments further. An excellent summary is given by Vernon
inghis * Variation in Animals and Plants ** (London : 1903).

Whitfield, apparently by accident, obtained additional evidence of fhe
dwatfing and distorting of the shells of Limnaea through succeeding
generations in captivity. He discovered that confinement in an aquarium
resulted, after three generations, *“in thé production of a monoecious
animal from a dioecious one of the most perfect kind. Also in
changing the specific characters, as far as the form of the shell can be
considered, to such an extent that when shown to a good working con-
chologist (Dr. James Lewis) he gave it as his opinion that they could
have no specific relations to each other.”

v Arb, a. d. Zool. Inst-in Wurzburg, 1, p. 137 (1874).
t Journ. de U Aupt. et de la Physiol., p. 147 (1894),
3 Bull. Amer, Mus. Nat, Hist., T, p. 20 (1882),

¢ Zool, Anz. XL, p. 375 (1912),
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Roszkowski reared in captivity eggs of L. profunda, which he regards
as synonymous with L. foreli, from deep water. He found that after nine
months the shells of the voung molluscs showed' an extraordinary
resemblance to those of the shallow-water form L. palustris, Miiller.

The only other genus of true aquatic pelmonates represented in the
Inlé basin is Planorbis, the shell of which is apparently less plastic
than that of Limnaea. Possibly the flattened spiral “form offers less
opportunity for variation. Be that as it may, the species of the genus
that occurs in the Inlé Lake fall into two categories. We have on the
one hand the widely distributed, comparatively large and thick-shelled
spésies P. exustus (belonging to the group or subgenus Planorbis, s.s.)
the geographical range of which is very great and the variation and
plasticity small. On the other hand we have a number of minute thin-
ghelled forms of the groups or sub-genera Gyraulus and Segmentina, most
of which have also a wide distribution, while their variation, though
by no means extreme, is in some respects less restricted. P. exustus
need not concern us further in this connection as it is in no sense a
variable form. - The smalier species (P. calathus, P. caenosus, P. velifer.
and P. trochoideus) are not, however, altogether devoid of interest.
With the exception of P. velifer. which is only known as yet from the
Inlé Lake, all these species have in the lake even smaller and thinner
shells than they do in other localities. Their shells, moreover, are al-
most or conipletely devoid of colouring matter, while the pigmentation
of their soft parts is also reduced. We have a few specimens of P.
trochoideus from a lacustrine deposit in the He-Ho plain ; so far as can
be ascertained, they did not differ when living from living individuals
in the existing lake. & “ 3
- P. velifer is interesting for two reasons. In the first place it is little
more than a highly specialized, dwarfed race of a widely distributed
form (P. conteriusculus), which in its turn is possibly no more than a
variety of P. compressus ot saigonensis, species of still wider distri-
bution. Shells intermediate between P. convertusculus and P. saigon-
ensis oceur in the superficial deposits of the He-Ho plain and only differ
from the typical Indian form of the latter species in being rather smaller
and in haying the peculiar structure of the aperture that distingtish
the form from P. saigomensis, a little less strongly developed. Fiom
these shells those of living individuals of P. velifer differ in their smaller
size, still less developed aperture, thinness and transparency. In-
dividuals from the middle of the lake are absolutely colourless, while
those from the margin have a faint yellowish tint.

There is very little variation in the shape of these living shells, but
their ornamentation is by no means constant. In some examples there
are a number of curious spiral ridges on both surfaces of the shell.
Examined under o fairly high power of the microscope these ridges are
seen to be entirely epidermal, and - to consist of closely adpressed cilia

or tinute horny processes, The rows of these processes vary in number

and degree of development ; sometimes they are quite absent, though
at least traces can usually be detected by careful examination. Varia-
tion in this respect iz entirely individual and oceurs both among the
colourless shells from the centre of the lake and among the tinted shells
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from, the marginal zone. Its“explanatién can hardly, be ¢he same as
that which would apply to the gradual change in the s‘uapo of the shell
illustrated by the” various phases of Limnaea shanensis. In the one
case we are dealing with mere individual variability, on the other with

true plasticity. @ o

o )

PROSOBRANCHIATA.

Of the Pectinibranchiate genera that are found in the Inlé besin
there is nothing particular to be saia about Amnicola, the single
species of which seems to be very constant, while in Vivipara and
Ampullaria the material available so far as the Shan States are con-
cerned does not suffice’ for serious study. I shall have to notice a pecu-
liarity of certain shells of Ampullaria,’but will do so in discussing those
of Hydrobioides in the final part of this section of my paper. In Hydro-
bioides, howcvcr, in Melania, and above all in Zaia the variation
observed is of a very remarkable character.

The only species of Melania found in the Inlé Lake is M. tuberculata.
The shell of this species, which has an extremely wide range in Africa
and Asia, is very plastic as regards its size and sculpttue, th(m;,h varia-
tion in shape is less common or at any rate less marked. In the Inlé
Lake and also in the Yawnghwe river the shells (fig. 6a) are of a rather
small size, not exceeding 25 mm. in length. They are of dark colour and
have the tubercular bculptme characteristic of the species well-marked.
In a ridee of recent tufa on the He-Ho plain we found a number of
shells of much larger size, from 38 mm. to 40 mm. long (fig. 65). They
retain remains of the epidesmis, which appears to have been dark, and
their sculpture is less strongly developed. On.another ridge an the
same plain, however, we found shells (fiz. 6¢) not more tlmn 16 mm.
long with the sculpture very strongly developed and with the suture
more impressed than usual. Unfortunately we have no information as
to the differences in environment correlated with this difference in
gize and form of shell.

At first sight it is remarkable that in this specxcs shells from the
certral region of the lake, where the water is extremely clear and where
ve, etation is rather abundant, differ in no respect from those taken in
thé muddy streams that traverse the Yawnghwe plain, but in both
types of environment the animal lives almost buried in very soft mud.
Moreover, there is evidence that the factor or factors which most
strongly influence plasticity in this species are not always those that
are most conspicuous or most readily ascertained. For the sake of
clarity in discussing the facts known to me I will confine my statement
on this species to forms that 1 have been able to mvcstlunte in the field
myself. 1 have collected specimens chiefly in four d.lstncts. viz., the
lake of Tiberias in Palestine, the Gangetic Delta, the shores of the

Chilka Lake on the east coast of India, and Yawnghwe State. The
normal form of the species, that is to say, the one that approximately
strikes the mean befween extremes, chances also to be the forma
typica, which was deseribed from *he coast of Madras. In this form
(h" 6a) the size is moderatesthe length being from 25 to 30 mm., the
spire tapers gradually, the colour is brown or dull green with more
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or less evident reddish markings, and-the sculpture consists of by
no ‘means prominent granules or tubercles arrang:d more or less
definitely in longitudinal and spiral lines. Shells from some ponds
in Calcutta agree well with those of the forma typica. In the pond,
however, in the Museum compou"nd—it, is about 150 yards square
and from 12 to 20 feet deep in'the ahiddle and has, a fairly, but not a
very abundants vegetation of entirely sub-aquatic plants—a distinct
dwarfing is noticeable, shells {fig. 64) rarely, if ever, exceeding 23 mm. in
length ; the sculpture is also as a rule somewhat obliterated and the shell
rather narrow. The only reason I can give for the dwarfing of the shells
from this pond—a feature which is also noticeable in M. variabilis and
in Vivipara bengalensis—is extreme overgrowding. Individuals of these
three species abound fo such.an extent that we find it impossible to grow
any kind of water-lily, because the sriails congregate in such large num-
bers on the stems of young leaves shooting up from the bottom that they
bear them down and prevent them reaching the surface of the water.
In the same compound there is a small fern-house, thatched with an
open layer of straw on wire-netting, but not enclosed, with glass. In
this fern-house there is an oval concrete basin b feet long by 4 feet broad
by 1 ft. 4 inches deep. It is supplied with filtered water by a tap and
is never entirely stagnant for long, as it overflows in wet weather and the
gardeners are apt, contrary to municipal regulations, to leave the tap
running. There is, moreover, in it a fairly dense growth of Vallisnieria
spiralis. Some years ago one or two plants of the water hyacinth were
introduced into the basin, and apparently brought with them, probably
from a pond in Calcutta, the eggs or young of M. tuberculata. The
molluscs (fiz. 6¢) have flourisked so far as numbers are concerned, and
must have gone through several génerations.. None of the shells are
longer than 17 mm., and the shape is broader and shorter than that of
individuals from ponds. Similar peculiarities are to be noted in shells
from pools and canals of brackish water in both the Gangetic Delta
and Orissa, except that the shell (fig. 6f) is a little more elongate.

Individual variability is not usually characteristic of Melania tuber-
culata, but in the Lake of Tiberias, and apparently also in other parts of
Lalestine, two varieties (fig. 6¢. k) occur. Both have the sculpture well
developed and both are of relatively large size. In one, however, the
shell is rather smaller and distinctly narrower than in the other. (There
is some doubt as to the proper name to be applied to the narrower form.)
The interesting points, however, about these two forms from Palestine
are (1) that they are found together under identical conditions and
(2) that even though they live in water of very abnormal chemical
composition they are not dwarfed, but rather above the average
size.

All these facts about M. tuberculata are illustrated in the outlines of
‘ghells reproduced in text-figure 6.

Two other species of the genus Melania are found in the Yawnghwe
viver, wiz., M. terebra and M. baccata. There is very little difference
between the shells of the former species from this stream and specimens
from Cachar, the original logality. Our series is not a large one and does
not exhibit any marked individual variation. s



1568 Records of the Inwian Museum. [Vor..XIV,
M. baceata is a species or a group of species that raises great difficulties
in nomenclature o #ing to the variability and plastic character of the
shell. It is found chiefly in the Shan Plateau, but ‘n different parts
thereof a number of local races seem to have become differentiated.
All the shells, both recent and fossil, that we obtained in the two basing
belong in a sense to 2 single race icr which it has been necessary to
find a new name. In reference to the elongation of th2 shell T have
called it *‘subspecies elongata.” But this
race has at least two, if not three, phases,
and shells from the same environment exhibit
considerable individual variation in sculp-
ture. The shells of the different phages do
not differ in shepe, but those from streams
- both in® the Inlé and the He-Ho plains are
very considerably smaller than those from a
swamp in the latter. Subfossil shells from
both peaty and calcareous deposits on the
~He-Ho plain seem to have the sculpture
rather more sharply developed than those

Fi1c. T+—Shells of Melania

baceata (% 1)
a, Shell
in the Northem
Shan States,
b. Shell of swall
of wvar.
from the
ghwe river.

phase
elongata
Yawn-

from Hsipaw

from streams, with which they agree in size.
In a large series of living specimens from the
Yawnghwe river the majority have three
well-developed spiral ridges with series of
tubercles on the last two whorls, but in a
small proportion of specimens there are only

two ridges of the kind. No actually inter-
mediate individuals were found, but in onceortwo shells the uppermost
of vhe simple ridges below the seriés of tubercles on the body-whorl has
a stightly tubercular character. The same variation oceurs among sub-
fossil shells. Further information is necessary before we can discuss in
detail the meaning of the differences in this species. I figure in outline
a specimen of a shell from the. Northern Shan States side by side with
one of the smaller phese of the sub-species elongata for comparison.

I have recognized the genus Hydrobioides as consisting of five species,
one of which is very unlike the others in appearance. This specids
(Fl. physcus) departs widely in form of the shell from the type usual
Bithynia, the genus from which Hydrobioides is denv_c-d. and is not
plastic. Specimens from a swamp near He-Ho h.ar(lly differ from those
taken in the central region of the Inlé Lake except in being a little smaller.
This species is only known from the two basins. Three other species of
more normal shape are also, so far as we know, neither variable nor
plastic.

It is otherwise, however, with the remaining species of the genus—
H. nassa, which has a wide range in the Shan States and departs much,
less far from Bithynia than does H. physcus, but further than H. avariz,
the snecies to which it is most closely related. H. nassa was originally
described from a locality that lies some considerable distance east or
north-east of the Inlé Lake, but is. common all over Yawnghwe
and the neighbouring states. There are cotypes of the species in the
collection of the Indian Museum. They differ very slightly from the

'
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form that now lives in ponds and swamps both in the Inlé and the He-Ho
basins, but have the spire constantly a little more eloigate and slender.
Unfortunately we have no information as to the type of habitat in which
they were found. Both in them and in the Inlé pond-form the most
important of the specific characters is well marked. The character is—
not only is the whole margin of tne aperture thickened but on the
outer part of ¢he shell there is also a thick ridge or varix runzing
almost parallel to the thickéned margin across the body-whorl. In the
type-specimens and in those of the Inlé pond-form the ridge lies very
near. but distinctly separated from the rim of the aperture. In the
Inlé Lake another race is predominant. The shell attains a larger size,
is usually of a brighter and yellower colour, is invariably narrower and
more elongate, and has the varix separated from the lip by a consider-
ably greater though very variable space. When the shell is fully devel-
oped the ridge no longer lies parallel to the rim of the aperture but has
a much less marked downward convexity. To this form I have given
the name lacustris, regarding it as a race or subspecies of H. nassa. 1
cannot find any anatomical difference between it and the latter. A
third race is found in fair abundance in small streams at Thamakan
some distance west of He-Ho. This locality lies about 400 feet higher
than He-Ho, and 1200 feet higher than the Inlé Lake. For the Thama-
kan race I have proposed the subspecific name rivulicola. The shell
agrees with the typical form in its general structure, but is distinctly
thinner and more eonoidal ; in size it slightly exceeds it. Yet a fourth
race (subspecies distoma) oceurs, or rather occurred, in the Inlé district.
1t is found both fossil and subfossil in the different deposits of the He-Ho
plain. The shell is small, thick, and moderately elongate, but its chief
character lies in the very close proxiniity of the varix to the rim.of the
aperture. So close, indeed. do they lie that the two thickenings form
together little more than a single ridge divided transversely by a narrow
groove.

In this species, therefore, and in ite ally H. avariz we have a most
interesting series illustrating the gradual accentuating of a generic
character. In H. avariz the actual rim of the mouth of the shell is
tl ickened, but there is no varix. In the fossil and subfossil race of H.
nessa the varix is beginning to be differentiated from the thickened rim
of the aperture. in the Thamakan race the process has been carried
further, in the typical form of the species further still, while in the
lacustrine form the two ridges have little connection.

In the Inlé Lake the local phase of the typical form of the species
and the lacustrine race occur together in the marginal zone, in which
conditions are not very different from those to be found in a large pond
full of vegetation such as the former usually effects, but in the open
central region only the lacustrine race occurs, This race grows to a
larger size in the intermediate zone of the lake than it does in the centre
of the central region or in the marginal zone, but T have not heen able’
to find any other difierence in shells from different parts of the lake,
except that examples from clear water are usually more transparent
than those from places where it is at all turbid or discoloured. It
is difficult, moreover, to be surc that the latter peculiarity is not
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gl;l:llto the absence or presence of minuse algae on the surface of the
< 4

In the genera we have as'yet considered it has beea possible, at any
rate in the more conspicuous cases, 0 trace some one line of evolution,
bqt we have now to consider a gerus in which matters are more com-
plicated. namely the’genus ZTaia. In some respects Taia is comparable
to Hyd‘rob.xoades, having originated, probably on the Shau Plateau, from
a genus with a simple, almost smooth shell, but possessing itself a shell
mt_h~prqnounced and peculiar sculpture. The genus from which it is
derived is the almost universally distributed Vivipara. As we shall see
presantly, this genus has undergone a very gimilar but quite inde-
pendent course of evolution ir: other parts of the world also. T have
thought it most convenient to recognize no less than eleven species of
Taia among the living and extinct forms of the Inlé, He-Ho and Hsin-
Dawng basins, but some of them are closely allied and might doubtless
be rpgarded fff)m a purely taxonomic point of view as races (sub-
species) or varieties, rather than distinct species. These forms, whatever
we may call them, do not follow a single line of evolution but diverge
from one ancestral type in different directions. The ancestral type is
represented by a species (7. theobaldi) that still survives but is known
also in a fossil state. The relationship of the other ten forms to this
species and to one another is shown in a diagrammatic fashion in the
figure on the opposite page. Two other species, one of which is still
unnamed and very imperfactly known, are found in different parts of
the Irrawaddi system. The possible place of one of these (7. noetlingi)
is shown in the diagram, but it may have been derived from an
unknown form analogous to 7. in(e:rmeda'a,'or"direct from 7. naticoides.

T. theobaldi, if it stood alone, might be accepted as a gsomewhat
abnormal type of the genus Vivipara comparable to V. quadrata
(Benson) from. China, but it is distinguished from all the species of
that wenus sensu stricto by the structure of the columellar callus, and
from most of the species by the spiral ridges on its shell. These are
the two chief generic chiracters of Taia ; they are less strongly developed
in T. theobaldi than in other forms. T. theobaldi has a wide range in
the Southern Shan States, and was originally described from ¢ Burma,”’
It is an inhabitant of small streams, and single shells have beqn
found both in the cave deposits of the Hsin-Dawng valley and in the
superficial deposits of the He-Ho basin.

From a geographical and biological point of view the species of T'aia
that occur on the Shan Platesu fall into four groups. Firstly we have
two non-lacustrine species, 7' theobaldi and 7. naticoides. that have a
wide or fairly wide range on the plateau, if not beyvond its limi.ts. Then
we have three little groups of lacustrine species each of which is, or was,
peculiar to a single lake—one to the old He-Ho lake. one to the smal.ler'
but probably still older Hsin-Dawng, lake, and a third to the existing
inlé Lake. All these lakes must have in a sense belonged to the same
lake-systers, but probably intermigration of the fauna had many
obstacles. " 3

The two surviving widely distributed, non-lacustrine species are
certainly among the most primitive in the genus; to one of them (7.

e e |
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thegbaldi) 1 have already referzed as representing the ancestral type. I
have also referred to the fact that in it the generic characters are less

intha.

. elitoralis,

shanensis,

lacustris. | '

theobaldi,

.

Tig. 8. Diagram showing the relations of tae different deseribed spocies of Paia.

marked than in the other.species, the spiral ridges on its shell being
less strongly developed and its columellar callus less expanded.
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T'. theobaldiis a fairly constant form. Shells from 3.000 feet do not differ,
except in such acdidental characters as being more free from a coating
of calcarcous deposit, from shells from 5,000 feet, nor do those from
ancient deposits differ from those found with the animal alive. The
fact that shells from Kalaw are couted in the manner indicated while
those from Yawnghwe are nearly clean proves in itself that the two lots
weré living under different conditions ; that they closely resemble one
another proves that the shell of the species is not plastic. In some
at any rate of the streams in which it occurs 7'. theobaldi is subjected
to the influence of frost. It is not always easy to distinguish single
shells. of 7. theobald: from selected shells of the other non-lacustrine
species (7. naticoides), thovgly their radular teeth differ considerably
in proportions ; but 7. naticoides, which lives in swamps, pools and
the back-waters of larger streams, never so far as we know at very
high altitudes, is an extraordinarily.variable species in respect not only
to shell-sculpture, but also to colouration and to shell-form. Theobald
in his original description recognized three ** varieties,” which he named
** the typical form,” var. fusciata and var. carinata, but he acknow-
ledged that it was not possible to draw an exact line between them.
The shell of his typical form (afterwards named var. concolor by
Nevill) was almost smooth, while those of the varieties fasciata and
cartnata had spiral ridges developed in different degrees. So far as
these characters are concerned, Theobald’s observations are fully borne
out by my own, but a large series of specimens does not support his
assumption that differences in colouration and shape of shell are always
correlated with differences in shell-sculpture. The more highly orna-
mented shells are often mwore copical than others, but beyond this
I cannot go. The differcnces that do exist are entirely individual and
in a single handful of shells from a single pool one may find specimens
that are nearly smooth, specimens in which the sculpture is highly
developed, and all intermediate phases. As I will show presently the
proportionate number of individuals that can be assigned approximately
to one variety or anotaer differs in different localities.

In describing the three varieties Theobald, probably with a limited
number of shells before him, gave due attention to colouration, shape
and sculpture. His specimens were apparently all from the Uppe:
Salween, several hundred miles from the localities in which we collected.
I have taken at random one hundred shells from a series collected in a
sluggish stream on the He-Ho plain. Of these nine have no ('ieﬁnitc
spiral ridges, but none are absolutely smooth (see figs. 3, 4, pl xvi). All
these shells without spiral ridges are distinctly banded in coloumf,mn.
1 found fifteen shells that could be definitely assigned to the var. carinata
so far as shape and sculpture were concerned, but lfnbanded. w}ulc{ the
remaining seventy-six shells formed an unbroken series between carinata
and fasciata in shell-form and sculpture, but were all banded. The nine
bandes!, comparatively smooth shells were all of a somewhat globose
type, on an average distinctly less conical than the carinate examples,
but no difference of a kind that could be measured or accurately estimated
in any other way was observed, The average size of fully adult shells
in this series (length 35-38 mm.) is greater than was probably the case
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among the shells included in Theobald’s series, but it is evident from
his description and figures that he did not examine &.dult’ shells only.

We may legitimately conclude from this statement that Theobald
and I are dealing with the same species, but that races from different
localities differ considerably in déails of variation. I have not been
able to find a single specimen from e-Ho in which the shell is absolutely
smooth, or in:which even approximate smoothness is correlated with
absence of spiral bands. But Nevill called the typical smooth forn.
from Theobald’s series * var. concolor.”

There is, therefore, evidence that details of variation differ in differ-
ent localities. This is further proved by an examination of a series from
Yawnghwe, 800 feet below the He-Ho plain. This series was taken
in a large pond and a canal. In fifty specimens, twenty-nine are un-
banded and carinate, fifteen banded and cacinate. two smooth and
banded, two smooth and unbanded. These results may be expressed
in a table of percentages.

Smooth Smooth Carinate | Carinate
Locality. and < and . and and
unbanded. | banded. |onbanded. | banded,

He-Ho . . 5 : o . None
.
Yawnghwe v . s . 3 8

9 ‘ 15 76

4 5% 30

In addition to this difference in individual variation between the
shells from the two localities (and also from two types of environment)
there is a distinct racial difference in structure. The shells of the
Yawnghwe race are all thinner then those of the He-Ho race. They
are smaller, fully adult shells being from 30 mh. to 32 mm. long. When
bands are present they are rarely so dark, and it is often difficult to say
whether they are present or absent, so faint may the bands be. More-
over, the shells are constantly a little more globose (¢f. figs. 17, 16, pl.
xv, and figs. 3, 4, pl. xvii), the smooth examples are smoother, and the
carinate ones never quite so nodular. Finally the chief ridge of the
hody-whorl is often more distinctly squamous than it ever is in the
He-Ho race, thus affording some approach to 7'. shanensis. The radulae
¢f the two races are very similar, but the teeth of the Yawnghwe race
are paler in colour and probably less stout than those of the He-Ho race.

We have no evidence of the existence of this variable and plastic
species in a fossil state, but to it all except one of the lacustrine forms
of the three basins can be traced directiy. The exception is 7. obesa,
with which I shall deal when discussing the Hsing-Dawng group, but the
He-Ho species must be discussed first because they are less highly spe-
cialized than those of the other two lakes. It is with the more highly
specialized individuals of 7. naticoides that all the lacustrine species
must be associated. Indeed, it is not always easy to distinguish between
the more strongly carinate shells of the former and the typical shel's
of T. intermedia. the simplest of the He-Ho forms.

In 7. intermedia the shell, however. is constantly more tubercular
and a little more globose than 1. naticoides, and no even approximately
smooth specimens are found, There is considerable variation both in
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the.de.tails of fhell-sculpturc and in shell-farm, while in a few individuals
a dnstmpt series 0f squamous projections occur on the body-whorl ; ‘but
the yani}blllt-_v is small as compared with that of 7. naticoides. The
Species . 1s, therefore, no more than an extension in one direction of
the carinate type of 7. naticoides. It apparently lived in a swanipy
marginal zone which, gradually encroachied upon the open water of the
old lake. y @

! T‘wo other species, both more remote from 1. naticoides, also lived
in th}e lake. They belonged respectively to the conical and the elongate-
conpldal types that we shall find also in the other two lakes. The
conical type is represented by a somewhat variable species of which
only a few shells were obtained, They were found in the same deposits
as T'. intermedia, but need not necessarily have lived in precisely the
same conditions. On account of their resemblance in shell-form to
species that live or lived in the Inlé and Hsin-Dawng Lakes I have
called them 7. analoga. The corresponding Inlé species lives in the
outer parts of the central region. The shell of 7. analoga has the spiral
ridges well developed, and phe chief ridge of the body-whorl sometimes
bears a series of definite projections, but these projections are not spini-
form, and are not arranged in a regular series. The shell is very like
that.t)f T'. noetlingi (Kobelt) from the Lower Chindwin, but we have no
particulars as to the habitat of that species. The third He-Ho species
is distinctly gonoidal though elongate. We know that it lived in the
open parts of the lake, and persisted without change for a considerable
period. It is chiefly interesting on account of its relationship to one of
the Hsin-Dawng species, 7. cylindrica. 1t was constant in shell-form
and not very variable in sculpture. ‘

All ¢he He-Ho shells are thicker than those from the Inlé Lake, but
thinner than those from Hsin-Dawng. In the Hsin-Dawng valley
we found, in cave deposits, the shells of four quite distinct species of the
genus. One of these, represented by a single shell, is 7'. theobaldi ; the
other three belong to the same three types as those from the He-Ho
deposits, viz., the condidal, the elongate-conoidal and the conical, but
all are more highly specialized, larger and considerably thicker. The
representative of the conoidal type is 7. obesa, a shell that seems to come
from the common stock of 7. theobaldi and T. naticoides but has the
spiral sculpture better developed than that of the former and is more
globose than either. I have been able to examine only four specimens
of this species, but it does not seem to be variable. The elongate-
conoidal shell (7. eylindrica) is«a very remarkable one, allied to 7' lacus-
tris from the He-Ho deposits, but both more elongate and with the chief
spiral ridge of the body-whorl distinctly squamous though without
spiniform projections. We collected a good series, which is constant.
The conical shell (T. coniea) from this basin differs from 7. analoga,
apart from its greater size and thickness, mainly in the more elaborate
vature of its spiral sculpture and especially in the possession of a regular
series of subspiniform projections on the body-whorl. Our series is not
a large one but the specimens in it are uniform.

More information is available about the, three species of Taia that
still live in the Inlé Lake than about those that formerly lived at He-Ha

' '
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and Hsin-Dawng, because it has been possible to examine them in a
living condition. The three species are 7. intha, T¢ elitoralis and 1.
shanensis. The first two of these have a conical shell, while that of 7.
shanensis is elongate-conoidal, but not so elongate as those of 7' lacus-
trissand T. eylindrica. All the shellstare thin or moderately thin and all
have a regular series of  weli-devdloped spiniform or subspiniform
squamous processes on the chief spiral ridge of the body-whorl. 7.
intha and 7. shanensis are constant species, while 7. elitoralis is a
variable one.

T. intha lives only in those parts of the lake in which the water is
clear and transparent. It has the most elaborately sculptured shell
of any of the species in the genus, and it vasies as little as any. Shells
from the less congested parts of the outer edge of the marginal zone are
slichtly larger on an average, a little broader than and not quite so
constant or so regular in sculpture and in shape as those of individuals
that live in the middle of the lake. Even the former, however, show no
real approximation to the shell of 7. elitoralis. This species, which is
found living only in the intermediate zone of the lake amidst dense
aquatic vegetation, is much scarcer than 7'. intha. It is also very much
more variable both in shape and size, and has the sculpture decidedly
less regular. Some shells are much more elongate than others. On
the whole the species is nearest to the fossil 7. conica from Hsin-Dawng,
but it is nearer to 7. intha than it is to 7'. shaneasis. :

T. shanensis does not reach so large a size as 7. elitoralis, but is more
constant both in this respect and also in shell-form. It is indeed a fairly
constant species, although it lives in conditions very different from those
in which 7. intha is found. Tt inhabits the comparatively foul water of
the marginal zone among floating islands, where circumstances are
favourable for the formation of peat. It is at least as closely related to
7. naticoides as to any other species. -

We have thus three species of Taia from each of the three lakes,
for there is every reason to suspect that the few shells of 7. theobaldi
that have been found at He-Ho and Hsin-Dawng are adventitious so far
as their position is concerned. From the He-Ho lake we have 7. inter-
media, T. lacustris and T. analoga ; from Hein-Dawng 7'. obesa, T.
eylindrica and T'. conica ; from the Inlé Lake 7'. elitoralis, T. intha and T.
shanensis. Each of the nine species is either conical, globosely conoidal
or elongate-conoidal in shell-form. To the first group belong 7'. analoga,
T. conica. T. elitoralis and T. intha ; to the second 7', lacustris, T. cylin-
drica and, less definitely, 7' shanensis, while in the third T'. obesa and
7. intermedia find a place. In the Inlé Lake at any rate, the conical
type of shell is definitely associated with true lacustrine conditions, and
this was probably the case also in the other two lakes; whereas the
alobosely conoidal type is or was to be found rather in the swampy
41imr;_rina-l gone. The elongate-conoidal forms seem to have heen strictl:v
lacustrine, but 7. shanensis, which is intermediate between the glohosely
conoidal and the elongate-conoidal, is practically paludine in habits.
The non-lacustrine species (7. theobaldi and T. naticoides) may be
classified among the globogely conoidal forms. As all the conical
shells are also elongate, elongation of the shell in Zaia, therefore,
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seems, in this district at any xate, to be associated with life in an open
lake. 2 '

In order to avoid confusion I have confined the foregoing statement
about Taza to species from the Shan Plateau, with a passing reference
to those found in other parts of Lurma. Before proceeding, however,
to consider variatiop in the bival. ¢ sheils of the lake and its vicinity it
will be convenient to discuss briefly certain cases from . other countries
parallel at any rate to some extent to that of the Shan 7T'aiae. The most
important cases are those of Margarya in Yunnan and of a remarkable
series of Vivipara described from Tertiary deposits in Austria.

Margarya is a genus of Viviparidae known only from Western China.
All’ the forms as yet discovered have been assizned by conchologists
to a single species, M. melanioides, Nevill ; but eight or nine varieties
have been described. Some of these are apparently constant and at
least as distinct from the typical form as 7. theobaldi or 1. shanensis is
from 7. obesa. The shells resemble those of the species of Taia in sculp-
ture, but are much thicker and larger and have not the expanded
columeller callus characteyistic of my genus. 1 have examined a large
series of fresh and subfossil specimens from Tali-Fu in Yunnan. the
type-locality. They include representatives of three of the varieties
(carinata, Neumayr, rotundata, Neumayr, and francheti, Mabille) as well
as of the typical form, of which we have the type-specimens. Indivi-
duals internediate between the typical form and carinata are common,
but I can find none between the latter and rotundata or between
rotundata and francheti, which I am inclined to regard as distinect
species. 1 have not seen the forms called var. Monodi, var. Mansuyi,
and var. obsoleta by Daytzenberg and Fischer,® but they also seem
likely to be specifically distinet. Among the eight or nine forms there
are two groups, in one of which the spire is moderately elongate and
more or less conical, while in the other it is greatly produced and almost
cvlindrical. 1n both groups we find a transition from almost smooth
shells to shells ornamented much as in 7. elitoralis. We find none,
however, that have the sculpture so regular as in 7. intha, and none
in which the shell is so globose as in 7'. obesa or even T'. naticoides.

Unfortunately we know very little about the types of environment
in which these forms live or lived. Dautzenberg and Fischer? say (—

“La forme typique du Margarya melanioides ct les variétés Delavayi ot Monodi
sont représentées dans les récoltes de M. Mansuy par des exemplaires provenant du
gisement quatemnaire du déversoir du lae de Yunnan-Sen, & Koui-An, i

La var. Mansuy cst pius abondante que les autres formes : M. Mansuy en & récolté
des spéeimens actuels (fig. 2) dans fes lacs de la Chaussde, & Mong-Tsé ; il I'n trouvée

alement dans les gisements quaternnires de Tong-Hai (fig. 3), jusqu'h 50‘ nu\_wrﬁ
d'altitude nu-dessus du niveau du lae actuel, ot dans 1é quaternaire de Mong-Tsé, prés le
ville (fig. 4)

La var, absoleta n'a 6t recueillie que dans les gisements quaternaires des Incs de In
Chaussée, plaine de MongTsé (fig. 5) et de Tong-Hai.

Les var, Francheti, Mab, ot fropidophora, Mab. n'ont pas été rapportées par M.
Mansy.”

' .
Thus sgme of the forms are apparently extinet. Mr. J. Coggin Brown
of the Geological Survey of India, who collected a large series of shells

L Jowrn. Coneh, (Paris) LTI, pp.v420-425, figs. 1-6,




19187  N. Anxaxpair: Molluscs of the Inlé Lake. 167

in Yunnan, is of the opinion that environment and shell-type are corre-
lated in a general way, but no precise information is available to him.

The case of the Austrian Viviparidae is an even more remarkable
one and perhaps in some points moze closely parallel to that of the Shan
Taiae. Neumayr and Paull have \iscussed it in considerable detail,
both from a palacontological and from a strictly geological point of view,
i their treatisé ¢n the Congeria and Paludina Beds of Slavonia. They
recognize no less than thirty-nine species, which Neumayr assigns to
the subgenus Twlotoma of the genus Viripara. The shells of the differ-
ent species vary greatly in both shape and sculpturt and provide a com-
plete transition from normal smooth forms to forms in which the sculp-
ture approaches that of the more highly specialized varicties or species
of Margarya and Taia and agrees very closely with that of the North
American living genus or subgenus 7'uloloma, but apparently there is
no excessive individual variation within the limits of each species. All
these forms come from Tertiary deposits and have long been extinct,
but the racial variation was progressive in time as well as in structure
and the smooth shells are older than the highiy sculptured ones. About
these Viviparidae Neumayr (op. cif.) writes as follows :—

* Wie mein Freund Paul im geologischen Theile nachgewiesen hat, sind in den von
uns untersuchten Gegenden von Westslavonien die glatten Fiviparen mit usserst ge-
ringer Ausnahme aof die unteren, die mit ausgesprochenen Kielen und Knoten versch-
enen Pormen vollstandig auf die mittleren und oberen Paludinenschichren beschriinkt.
In der mittleren und oberbn Abtheilung konnten zahlreiche Horizonte unterschieden
und auf grossere Erstreckung nachgewicsen werden ufid m Folge dessen konnten die
rein morphologisch anfgestellten Formenreihen der gekiclien und geknoteten Vivigaren
sofort. der geologischen Controle unterworfen werden. Liir die unteren Paludinen-
schichien konnte eine Gliederung noch nicht durchgefiibrt werden, und es fehlt daher
fiir die glatten, wie fiir die nicht von uns gelbst gesammelten Formen der Nachw eis fiir
die Concordanz der chronologischen und smorphologischers Reihe.”

It is of course impossible to say precisely in what environment the
different species flourished, but it is clear from Paul’s sections in the geo-
logical part of the treatise on these Slavonian beds, that the molluses
all lived in a country similar in some respects to the Shan Plateau and
that some of them were certainly lacustrine. = Bourguignat® says of
part of the country in which they were probably evelved :—

S 1l di y avoir, & cette époque reculée, dans cette partic de la vallés de la Cettina,
ure vaste dépression remplie d'eau salée, qui, pen 4 pen, par des causes {jui me sont in-
connues, sont devenues saumitres, pour finir par étre entiérement douces.

The interest of these two cases so far as our present purpose is con-
cerned lies in the fact that they prove that Vivipara, from which Mapr-
garya and Tuloloma are certainly derived, has, in widely separated
districts, and in peculiar circumstances, developed a similar tendency
to become extremely plastic and to elaborate the sculpture of its shell
in spiral series of nodules. What the circumstances probably were
will be considered later. A few other, less striking perhaps but none the
less interesting instances of the same kind may be cited more briefly.

. -

1 bk, K. K. Geol. Reichsanstalt, VI1, pp. 1-105, pls. iv-vi (1875). See also Penecke
on the Slavonian Paludina Beds in Mojsisovies and Neumayr, Beitr. Palacontologie Ost.-
Ungearng, IV, pp. 15-44, pl. ix (6)(1886), I have to thank Mr. (5. de P. Cotter of the
Geological Survey of India for these referenses.

% Et. Fossiles terl, & quatern, de lo Vallls de la Cettina, Pe 2 (Saint-Germain : 1880).

P
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Tn the lakes a1d rivers of Kastern China many gpecies or races of
Vivipara occur in which the shells are ornamented with spiral ridges
of a more or less marked character but are much snlaller and thinner
than those of Margarya. Figurer, of these forms will be found in
Kobelt’s monograph and in Heud:’s' account of the molluses of the
Yang-tse. I have recently observed V. lapillorum (Heude), a member
of this group, in natural conditions in the Tai-Hu (Gieat Lake) in the
Kiangsu province of China. It lives chiefly on stones near the edge
of the lake, in very muddy water and in a district in which limestone
is abundant. It is a’ variable species and apparently not found together
witti any closely allied form.

Sirizle species of the genus with similarly but even more strongly
seulptured shells have been described from several other eastern lakes
and lacustrine districts, e.g., V. grossicosta, von Martens® from Lake
Singkarah in Sumatra, V. persculpta, P. & E. Sarasin,® from Lake
Posso in Celebes and V. oaytropis (Benson)* from Manipur in Assam,
the basin of a lake which has shrunk in recent ages to small dimensions.

Moreover, Neumayr’s 'Viviparae from Slavonia, though the most”

complete series as yet known, are by no means the only forms of a
similar nature that have been described from Tertiary beds in Eastern
Europe. The first instance of the kind to be discussed was that of

certain forms from the island of Cos to which Edward Forbes® drew
attention in 1847, '

PeLECYPODA.

We may consider the three genera of Pelecypoda that occur in the
Inlé basin together. They are Fhysunio of the family Unionidae, Cor-
bicula and Pisidium of the family Cyrenidae. Corbicula is the only
one of these represented, so far as we know, in the deposits of the
district and it’is only found in quite superficial deposits.

Two species of Physunip are found living in the district, one (P.
ferrugineus) in the open parts of the lake, the other (P. micropteroides)
in the streams that run into it. A feature of the genus is the production
of a triangular  wing ”* on the dorsal surface ; as | have shown above,
this wing ie used by the lake-form in ploughing its way through semi-
liquid mud. The structure exhibits, in this and other species, a great
difference in shape and relative size at different periods of growth, being
much smaller in very young and very old shells than it is in those which
are just attaining maturity.: Otherwise, P. ferrugineus shows only
slight variations in outline and proportion and in the structure of the

1 Heude, Mem. Nat. Hist. Emp. Chinois 1, pl. x1 (1880-1890).

2 v, Martens in Weber's Zool. Ergebn. Niederl. Ost.-Ind, 1V, p. 25, pl. ii (1897).

3 P. and E. Sarasin, Sussw.-Moll. Celebes, p. 62, pl. x (1898).

4 Benson, Journ. As, Soe. Bengal V, p. 745 (1836). He does not state the precise
locality of his specimens, but the Indian Mnseum possesses others collected in Manipur

* by Godwin-Austen,

* Forbes, Edinb, Phil. Journ. XLII, p. 271, pl. i (1847). See also Newton, who gives
other references : Proo. Mal, Soc London IX, p. 363 (1911). 1In the Tertiary beds of
Eau.tem E\frO_po other families of molluses, especially the Neritidae and the Hydrohiidae,
exhibit a similar evolution, while in the recent fauna of the Yang-tse, which posseases a
remarkable resemblance to the later Tertinry freshwater faunas of Eastern Europe,
peculinre shells occur in the Hydrobiidee in fnany respects analogous to those of the Ter-
tinry Viviparae or of the living Taiae.
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hinges of the shell, and these variations seem to be entirely individual.
The Yawnghwe river-species differs from the lake-form in its smaller.
thicker and higner shell and also in the very feeble development of
the wing. Possibly this last charjcter is correlated with life in much
stiffer mud. This species i3 no* a vajiable one.

The only Corbicula found in the Inlé basin i8 C. noetlingi, a form
that has a wide range in the Shan States. Von Martens refers to a
small variety which has a certain difference in outline from the typical
form, but we did not find this variety in the Inlé and He-Ho basins.
The species lives in streams and does not enter'the lake. Subfossil
shells do not differ constantly from living ones and there is no ‘very
definite racial differsnce between shells from altitudes varying from
3,000 to 4,500 feet, but the local phase has probably developed into a
distinet race. I have refrained from giving it a name and from
discussing it in detail because great confusion exists as to both the
nomenclature and the specific limits of the eastern Corbiculae.

Pisidium casertanum is perhaps the most interesting bivalve molluse
found in the district, as it is a characteristic Palaearctic form. Speci-
mens from the lake do not exhibit any great individual variation. The
species i an extraordinarily plastic one, with a veiy wide geographical
range. The limits of its varation have been discussed in great detail
by B. B. Woodward? in his catalogue of the British species of the genus.
He says :— ’ C

** In external conformation this is a most variable s];ccics and may at times, especially
when dwarfed, resemble forms of P. pusillum .... P. personatum.... and even
P. nitidum.

* There is one well marked foria, a lake or still water form, which almost amounts
to a variety. In this the shell is rounder than the type, and more compressed .......

whilst the hinge being narrower and lighter is less micuste and the flexure less pro-
nounced.”

In three localities in Eastern Asia a form has been found that re-
sembles ** this lake or still water form,” wiz., in Lake Biwa in Japan,
in Lake Baikal in Siberia, and in the Inlé Lake on the Shan Plateau.
I have not seen shells from Lake Baikal, but those from the Inlé Lake
resemble Lindholm’s figure ® very closely. The Japanese shell, which is
a little wider than Inlé specimens, has been examined by. Woodward,?
viho remarks that it was “* rather more oval than usual,” 7.e., in the still
water form. A single shell from a stream on the He-Ho plain is much
more inflated than those from the lakes and approaches the Himalayan
P. atkinsonianum,* which is also found in streams.

CONCLUSIONS.

This is not a general treatise on variation or evolution, but merely an
attempt to demonstrate so far as demonstration is possible, and with
as little reference to contentious works as may be, certain phenomena

Y Catalogue of the Lritish Species of Pisidivm in the Collection of the Evitish Museum,
pr- 31-44, pls. i, figs, 3.6 ; i, fig. 33 xiii-xviii (London : 1913),

* Lindholm in Korotnefl's Wiss. Erysbn. Zool. Exp. Baikal-See, TV (Moll.), p. 85, pl.
i, figs. 45, 46. E

? See Preston, Ann. May, Nat. Hist: (8), XVII, p. 162 (19106).

4 See Preston, Faun. Brit, Ind. 3Moll., p. 226, fig. 29 (1915),

r2
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manifested by the aquatic molluscs of” a single district. Parallel
cases have been cited for comparison, not to support any one theory.
Four facts stand out prominent in reference to these Mollusca :—

(1) That racial plasticity is afmore common phenomenon among

them than extreme -individual variability, and that the
3 two are not necessarily correlated.

(2) That both plasticity and individual variability are specific
characters ; they may be almost absent for the time being
in a stable species, but may be either acquired or lost in

: the course of evolution. 2
® (3) That in very few instances is it possible to detect any advan-

S tage that the race can have gained by its plasticity.

(4) That the moulding forces, or the causes of plasticity, of great-
est influence are not the same in all species, and that
apparently slight differences in environment are some-
times of greater practical moment than changes which
seem to be much greater.

1 will deal with each of these points in some detail.

: (1)
~ In most of the aquatic molluscs of the Inlé district, individuals from
the same environment ate very like one another. The main exceptions
are Planorbis velifer (of which two distinet varieties live together),
Melania baccata, Taia naticoides and Taia elitoralis.

The case of Taia naticoides is a remarkable “one, for the species is
both wariable and plastic.© Individuals “frdim any one environment
differ’ sreatly from one another, falling roughly into three groups, the
limits of which are, however, undefined. At the same time races from
different types.of environment differ from one another, while retaining
{beir individual variability in slightly modified ways. It is, however,
to the most extreme variety of the species (carinata, Theobald) that all
the more highly modided forms of the genus are most closely related.
Indeed, one of these forms (infermedia) is little more than a fixed race
of this variety. 7. intermedia is not, however, precisely speaking,-a
mutation iri the sense in which the term is used by most biologists,
because it is not descended, so far as can be seen from the evideirce
available, from a single individual or group of individuals that ht}\’e
departed suddenly from the normal type of the species. 7. naticoides
has a fairly wide distribution. and the variety carinata always occurs
with the typical form. Moreover the transition between the two forms
18 quite gradual. o

The circumstances of T. elitoralis are different in that it 1s only
known from a single locality and a single type of environment, but 1t also
seems to have given rise to a constant species very like itself, namely,
T intha, which is at once the most lighly specialized form and one of
the most constant forms in the genns.

On th(‘; other hand Zaia theobaldi, probably the parent form {)f- =
these species, is a constant species. 8o also, in a sense, is Hydrobioides
nassa, which has produced four races, each fairly constant in its own type
of environment, Further, H. nassc is derived from another constant
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form, H. avariz, in which its most striking peculiarity (the varix) is
absent. y

(2)

°In species such as Planorbis eiustus neither individuals nor local
communities as a rule differ riuch ‘une from another. A deficiency—
it is not of course an entire absence—in variation of all kinds is also well
exemplified in Taia theobaldt and Hydrobioides avariz. Yet these two
constant forms have both given rise to species that are both variable
individually and plastic : to 7. naticoides, in which both individual
variation and plasticity are extreme, in the one case, to H. nassa, in which
plasticity is more marked than individual variability, in the other.
Limnaea shanensis, on the other hand, has proved itself plastic without
exhibiting individual variability ; we only know it as a plastic species
because of the discovery of shells of extinet phases: each phase was
constant in its proper environmeiit. Zaia intha, a highly specialized
form descended from ancestors that were both plastic and variable
individually, has become in its own proper, habitat a constant species
and has apparently lost plasticity. That Limnaea mimetica has done so
is proved by its continued existence as a modified form in conditions
totally different from those with which its modification must he corre-
lated ; for its resemblance to deep-water forms is not merely superficial
as in some of the instances cited on p. 174, but so detailed ss to be almost
beyond dispute.! Further, it is even possible that plasticity once lost
may in certain circumstances be regained. This is, however, more
difficult to demonstraie. The He-Ho living phase of 7. naticoides may
conceivably be descended direct from 7. intermedia and represent a
reversion to the variability of the ancestral form, but it seems on the
whole more probable that 7. naticoides, even after giving rise vo 7.
intermedia, persisted in the neighbourhood unchanged, in a different
environment from its daughter form.

(3) $

The species or groups of species that have exhibited greatest plas-
ticity are Limnaea andersoniana, L. shanensis, Melania tuberculata,
Hydrobioides avariz and nassa, and the species of Taia. g

On general grounds it is elear that two types of aquntic environment
are the most favourable, at any rate in tropical and gubtropical climates,
for the type of plasticity that results in the evolution of peculiar species
and genera. They are small mountain streams and large lakes. This
is the case not only with molluses but also with other groups of animals,
Many of the most highly modified Indian genera of fish and of aquatic
mollusecs, as well as the most peculiar species of Batrachian and insect
larvae, live in small streams in the hills, e.g., Pseudecheneis of the family
Siluridae among the fish ; the almost neritiform Stomatodon of the family
Melaniidae among the molluses ; and the tadpoles of such frogs and

1 Compare the blind prawn Z'wphocaris galilea, which hns all the characters of an
underground animal but now lives in an open fountain in which it has probably been
isolated by an earthquake. See Annanéale and Kemyp, Jouwrn, As, Soc. Bengul, 1X
(n. &), p. 245 (1913).
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toads as Rans afghana,® Bufo penangensis® and Megalophrys montara.®
On the other hand. in countries in which large lakes exist many of the
most highly specialized genera are found only in them, e.q., the peculiar
Mollusca of Lake Tanganyika in Cgntral Africa, of Lake Tali Fu in
Western China and of the deeper lal 2s of Celebes, or the peculiar prawns
and crabs of Tanganyika, or even the peculiar fish of the Inlé Lake. We
may assume therefore that in hill streams and largs fakes there are
certain factors that encourage extreme plasticity ; but they cannot be
the same in both instances. 3

In most of the highly modified genera and species that inhabit hill
strecms, the modifications in structure have a definite function in
enablire the animal to cling tightly to rocks orother solid bodies in
rapid-running water. But this is, not the case with most modified
organisms from large lakes.

It is possible* that in Limnaea, a pulmonate mollusc that has no
gills or other special organ by means of which oxygen can be absorbed
direct from the water, it may be advantageous in deep water or in water
highly charged with vegetable matter to have a relatively large aperture
to the shell ; for this enables a large surface of skin to be extruded and
it is probable that oxygen, in conditions in which the animal cannot rise
to the surface, must be absorbed through the skin. If, however, this
is the case, it is probable that the benefit is to a large extent fortuitous,
for we have no evidenct whatsoever that the modification has been
produced through any kind of selection of individuals ; it rather seems
to be the result of the direct influence of physical or chemical forces
working suddenly or gradually on a plastic organism, as is suggested
by the series of shells figuredl on plate X, figs. 5-8, as well as by the
experiments cited above. Turther, the deep-water forms of the genus
resemble the young of shallow-water forms in the shape as well as the
gize of the shell. They are essentially forms which retain when adult
the external characters of immaturity.

As T have already pointed out it is not uncommon in Ampullaria for
ridges to be produced” on the surface of the body-whorl owing to
the resumption of growth after a period of rest. There is every
reason to think that the varix of H. nassa has a similar origin,
but whereas in Ampullaria the lip of the slyzll i8 thin and therefore the
ridge representing it is low, in /. nassa the lip and the ridge representing
it are thick. Our visit to the Inlé Lake was made in early spring, at a
time when many hibernating animals were just beginning to awake
from their winter sleep. T noticed that large numbers of young in-
dividuals of H. nassa of from 2 to 3 mm. long had at this season a very
thick lip, but that in others only slightly longer or even a little shorter,
the thickening had disappeared and the lip was thin and sharp. It
seems probable, therefore, that the marginal thickening can be absorbed
in the course of growth. The retention of the varix in adult shells would
gaem to indicate merely that at a certain period of growth the animal

¥ Annandale, Ree. Ind. Mus., VIII, p. 0 (19012),

2 Flower, Proe. Zool, Soe, London, (1800), p. 908,

A Anpnandale, Mem. As. Soc, ;Bcnyul, VI, p. 155 (1917).
¢ Pelsenvor, Arch, de Biol. XLV, p. 379 (1895),
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loses the power of absorbing the ridge loft when the shell grows beyond
the old lip. All this is in favour of the view that theivarix is a vestigial
structure, vestizial that is to say so far as the individual and not the
race is concerned. It may otherwise be considered as a sign of the
approach of senescence or at any réde of full maturity, for when the old
lip ceases to be absorbed ‘the “aninr&l has not the power to grow very
much larger. : ]

It is difficult to see in what way differences of size in the shells of
Melania or of shape and sculpture in those of Taia could be of any benefit
to the race either directly or indirectly. The shells in the latter genus
are as a rule so thin and fragile, even when highly decorated, that they
could not protect the animal from powerful enemies of any kind.
Neither could the knobs and scales on their surface protect thexn from
parasites. 7. intha at any rate, the species which T have been able
to observe most closely in natural conditions, seems to be a peculiarly
sluggish and unprotected animal, and to be altogether devoid of enemies
except leeches of the genus Glossosiphonia, which make their way in
through the mouth of the shell and are not deterred from doing so by
the sculpture round the aperture or on the surface.

(%)

We have seen that in Limnaea the cause of change in the shape of
the shell is, in some species, the change frons running to still water or
conversely, and that this change acts directly on the young individual.
In other species of the same genus, however, other forces come into
play and the case becomes much more complicated. Indeed, almost
all that can be said with certainty ic that tice shells of individuals living
in water of peculiar chemical compositiun, as all the Inlé species
do, are usually dwarfed, and that individuals living in deep water
are still more strongly dwarfed and very narrow and have the mouth
of the shell very long and the spire short, and that these are essentially
immature characters. :

In Melania tuberculata overcrowding, especially in a small space,
and also undue salinity of the water in some cases, produces dwarfing,
but in the Lake of Tiberias, where the water is distinctly saline, the
shells are large and well-developed.

We know that Hydrobioides nassa distoma survived for a considerable
period both in lacustrine and paludine conditions without change, al-
though the species, probably under ¢lichtly different conditions, has
developed a distinet race in the central vegion of the Inlé Lake, and the
race distoma has become extinct.

Some of the different races of Taia that have become so far differ-
entiated as to be regarded conventionally as distinet species, have been
produced, so far as we can see, in circumstances that differ little, and the
same thing has apparently oceurred in Margarya in Yunnan. in the
Tertiary Viviparidae of Slavonia and in other widely scattered instances,

It follows almost as a corollary that similar modifications may he
brought about in very different biological circumstances. This is
clearly shown by the resemblance between the shells of Succinea indica
and Limnaea mimeticn ; but it mst be noted that only the Limnaca can
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be considered to be a highly mocified form. The Succinea is a normal
form of its genus. y

The smaller mollusca of the Inlé Lake, especially, those belonging
to the genera Limnaea, Planorbis and Pisidium, would undoubtédly
be taken for deep-water forms by ‘a conchologist accustomed to the
deep-water molluses,of the Swiss™ Lakés. "Their minuteness, their
fragility, the lack of pigment in both shell and scft parts, and,
in the Limnaea, the extremely long mouth of the shell and the rudimen-
tary but relatively narrow shape of the spire, are all features characteristic
of deep water. The Inlé Lake was once very much deeper than it is pow
and Timnaea mimetica is probably a deep-water form that has survived
from” the period when that was the case, but two of the three species of
Planorlis that dre now found in the central region’ of the lake are also
found, with some of the same characters, in waters that can never have
been deep and never even have formed part of a lake-system. The
Pisidiwm is no smaller or more fragile than the form (P. atkinso-
nianum) common in small streams in the Himalayas. Indeed, it is
very like this form, except that the shell is less swollen, a feature in
which it also differs from the phase found in streams on the He-Ho
slain.
: Moreover, smallness, fragility and colourlessness of shell in the case
of bivalve molluses are often associated with life in soft mud in shallow
water in very different hiological conditions. This is so not only
with P. allcefnso{n'mm;.n m small mountain streams, but also with
Corbicula tenuistriata * in the Whangpoo River near Shanghai, and with
species of a number of different families in the brackish water of the
Chilka Lake.® : - ¥

In the life of these bivalve molthscs there is a ecommon biological
featfire in that they live in soft mud, and the modification of the shell may
be of practical utility to the individual and the race. In the bionomics of
Taia, Margarya and the Slavonian Viviparidae also it is not improbable
there is or was some common feature, but there is no evidence thav v
was of biological importance and, if it existed, it is, with our present
knowledge, obscure. In any case the circumstances of their life-history
cannot have been by any means identical. All that can be said is that
in each case the peculiar forms with highly sculptured shells scem to
have been evolved in a region of great lakes, in which an abundance of
soluble mineral salts was present and in which the climate was temperate
rather than tropical, warm rather than cold. Apparently also the water
did not possess any marked power of erosion of the shell, which would
have destroyed the sculpture and rendered its perfection impossible.

From the facts stated and the inferences already drawn it seems
very doubtful whether the peculiar modifications of the shell observed
in 80 many of the aquatic molluscs of the Inlé Lake can have any
bearing on the more highly specialized modern theories of evolution,
which, even if sound in certain instances, are perhaps of less general
applicdtion than their rival exponents are willing to admit. None of

1 Bee Zschokke, Die Tiefsesfauna der Seen Mittelewropas, pp. 155, 164 (1911).
2 Annondale, Men. As. Soc. Bengal, VI, pt. i, p. 67 (1016),
1 Annandsle and Kemp, Mem, Ind, Mm.(sv, P 341 (1916),
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these theories have been put forward with the same wealth of natural
illustration that Darwin gathered together in his Origin of Species,
and 1t is just as iZaportant that observations should be continued in the
field on as large a scale as possible. and without reference to any one
preconceived theory, as that experilients should be conducted in the
laboratory or garden-plot with a theory to suppoit. I do not think
that any single”fcrmula can express, much less explain, evolution, *

I am of the opinion that the Inlé shells illustrate two different and
possibly somewhat exceptional lines along which evolution may proceed.

L8

Fig. 9.—Cenitalia of Limnaca mimetica.

Ac. g—accessory gland. Al. g.—albumen gland, H. ¢.—hermaphrodite gland.
P.—prostate, P. S.—penis-sheath. Sp.—spermatteca. U.—uterus.

We know that in some forms of Limnaea the plasticity iz of the
young individual, and that modification can be produced and re-
produced in either direction from one generation to another. Probably,
hewever, even in comparatively simple shells such as those of Limnaca,
a time would come, if the environment were constantly changed in
one direction, at which plasticity disappeared. This is indicated by
Whitfield’s observation that individuais of this genus if kept in
captivity for several generations lost their monoecious structure and
became dioecious. He was of the opinion, that this was directly due
to abortion of that part of the shell in which certain of the éexual
organs were normally lodged. 1t follows, therefore, that in suggesting
that altered environment may finally result in a modification of t-h;
race rather than of individuals, one is not necessarily expressing
heretical views as to the inheritance of acquired characters—a series
of phenomena, or supposed phenomena, ‘\'thh it seems to be quite
impossible either to prove or definitely to disprove. 1If the organs of
one sex in a monoecious ani:nal can disappear after several generations
as a direct result of a change of ‘onditions on the shape of inanni-
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mate parts, there can be no difiiculty in claiming that change of condi
tions may ultimately affect the gonads in such a way that a new race
or species 1s evolved, for either the animal must beconie parthenogenetic
or else new combinations in the germ-plasm must be liable to occur
The precise meaning of Whitfield's statement, is, however, obscure, and
it cannot be appliec to Limnaea mimetica, in which the genitalia are
quite normal and as usual hermaphrodibe; I reproducé®a figure (fig. 9)
prepared for me by Mr. Baini Prashad to illustrate this point.

It does not seem fo be possible to explain the extraordinary
development of the forms of Taia in the same way as that of the
genzra already discussed. The history of the genus as we know it may
be sm.qma,rized as follows =~ -T'wia theobaldi, a constant species, lived and
lives in running water in mountainous districts. It gave rise, how we
do not know, to 7. naticoides, an extremely variable species that lives
in ponds and marshes and the backwaters of streams. Some individuals
of 7. naticoides closely resemble the parent form, while others depart from
it widely and represent a much higher degree of specialization. From
this extreme form of 7. naticoides some ten or eleven other forms have
been derived, mostly if not solely in large lakes. Evolution, therefore,
seems to have talen place in this genus along somewhat peculiar
lines, but the highly specialized sculpture of the shell can hardly have
been more than a by-product of evolution! Dendy and Nicholson
have recently shown that certain sponge-spicules of somewhat ela-
borate outline owe the'r peculiar shape to the mechanical forces
produced by the flow of water through the sponge. Dendy has also
pointed out, however, that advantage is taken of the modifications
thus produced, should they chapce to be useful. The cases are o
course analogous, not komologous, fur the forces, be they chemical or
purely physical, to which a free-living molluse is subjected in still
water cannot  be the same as those that have moulded the spicules
into shape; and even the analogy must not be pressed too far, for
we have evidence in Taia naticoides that at any rate the rudiments
of the peculiar sculpture of the shell may appear without the appli-
cation of any well-defined physical or chemical force.  The resemblance
consists in this—that in both cases highly peculiar and elaborate
forms have been produced in the inanimate parts of living organisms
without any apparent utility in the first instance, but capable ‘of
utilization and as it were of standardization. In the life-history of
Taia there seems to have been no economic need for the application
of these peculiarities, but they have become standardized by what
seems to have been a racial (or possibly a germinal) as distinct from an
individual selection ; Taia intermedia affords no evidence of the sur-
vival of the fittest individuals but suzuests rather that all the indivi-
duals born in a certain locality and type of environment were
formed in accordance with a certain pattern that already existed,

. with others, in the reproductive potentialities—the phrase is purposely

vague—of T. naticoides. its immediate ancestor.

1 Dendy, Journ, Quekett Micr. Olub (2), XIT1, p. 38 (1916).
* Dendy, ibid., XIIT, pp. 1-16 (1017) ; Dendy and Nicholson, Proc. Roy. Soc., London
(B), LXXXIX, pp. 078-087.
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The knobs, ridges and spines on the shell of Taia irtha, the cul-
minating species of the genus, seem to be of no use to the animal, which
is a sluggish creature, quite incapable, so far as it is possible to judge,
of aesthetic perception of its own beauty. Its shell has reached perfec-
tion in calm and undisturbed surrowndings, which place no bar in the
path of eccentricity. The sculpture seems to have made its appearance
in a primitive for.a in 7'. theobaldi in circumstances that forbade its rull |
development, and to have had a cumulative development in proportion
as the surroundings became more and more peaceful and setuled.
Lack of enemies, abundance of food, absence of aquitic currents, abund-
ance of free oxygen, an equable temperature without frost, absencs of
free acid and erosive algae have all comblined to give an inherent
tendency full play, probably not through the elimination of individuals
in which this tendency was feeble so much as through its strengthen-
ing in all individuals. 5

The Inlé Lake, or rather the system as a shrunken relic of which it
persists, was, on a comparatively small scale, one of those districts,
such as Lake Tanganyika or the lake country of Celebes, in which phe-
nomena of the kind have been manifested to an exceptional degree.
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«

NOTE ON THE PALAEONTOLOGY OF THE INL
MOLLUSCA., '

By E. VREDENBURG, B.L., B.Sc., F.G.S., etc., Superintendent, Geological
Survey of India. Communicated by kind permission of the Divector,
Geological Survey of India.

The shells occurring in various geological formations have been

classified, by Dr. Annandale, according to their relative antiquity, as
sub-fossil and fossil. How far these two groups correspond with the
two divisions generally recognised by geologists in the Quaternary era,
the “ Pleistocene ” and the, *“ Holocene ™ (or ** sub-recent ” or * recent ')
cannot at present be definitely settled.

In Europe and in many other temperate regions, the termination
of the Glacial Period forms a convenient datum line for separating the
two divisions. In India, the study of the corresponding formations has
not yet progressed far enough to correlate them in detail with the se-
quence of local physiced changes,

Nevertheless, the shells which Dr. Annandale has classified as * sub-
fossil ” may confidently be regarded as ““ holocene ™ or * sub-recent,”
but it would be difficult at present to say for certain whether those
deseribed as “ fossil ” should be ascribed to an earlier phase of tle
“ holocene,” or else regarded as frankly pleistocene, though the latter
alternative is more probable. :

Considering the great plasticity of some of the forms above de-
scribed, length of time need not represent a factor of primary importance
in the evolution of the extinct and living mutations or species under
consideration. Their transformations seem directly connected' with
the changes in physical geography of the Shan platean, and, without
precise information as to the geological dates of the ph}-‘slfigrnphlfﬂl
evolution of that region, we are unable to fix the exact period of the
correlated biological changes,
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STUDIES ON THE ANATOMY OF INDIAN
s MOLLUSCA.

. " 1. THE MARSUPIUM AND GLOCHIDIUM OF THE
GENUS PHYSUNIO.

L .
By BaiNt Prasuan, "M.Se., Superintendent of Fisheries,
Bengal Fisheries Laboratory, Indian Museum, Calcutta.

(Plate XXII). 7 :

On the occasion of a tour in the Soutkern.Shan States Dr. N. g&n?lan-
dale and Dr. F. H. Gravely collected specimens of two new species of

-

the genus Physunio, Simpson. These are the only two Unionidae found ¢

in the basin of the Inlé Lake, where the specimens were collected. P.
ferrugineus is a true lacustrine form and is found in the middle of the
lake in very clear water, whilst the other species (P. micropteroides) is

+ found in a muddy stream opening into the lake.

Dr. Annandale was kind enough to give me specimens of both the
forms in order that I might describe their glochidia. Whilst working
out the structure of these, it was found that the marsupium of the genus
was peculiar, and an account of this structure is also included here.
At Dr. Annandale’s suggestion I looked through the largé collection of

fishes made at the same locality, and I was fortunate enough to find

specimens with glochidia attached to their fins.

My sincere thanks dre due to Dr. Annandale for giving me the oppor-
tunity of making this ver} interesting study, and for kind help at_all
fimes. I am also highly obliged <o Mr. 1. Sowthwell, A.R.C.S.,-F.ZS.,
Director of Fisheries, Bengal and Bihar and Orissa, for kindly allowing
me to undertake and publish this work. :

Marsupivin—By the term marsupium in the description of the
freshwater mussels, we mean those portions of the gills in which the eggs
are received from the supra-branchial chambeis after ovulation and
which serve as brood-pouches for the retention and nurture of ‘the
embryos and glochidia until the latter are shed. As different portions of
the gills are specialized in the various groups of Unionidaé to serve as
a"marsupium and as this has been found to be a constant character, the
marsupium has been used as the chief diagnostic character of these
groups. Simpson (4) divided the Unionidae according to this character
into Exobranchiae, with the marsupium comprising the outer gill on
each side or all four gills, and the Endobranchiae, in which the inner pair
of gills alone serve as the brood-pouch. In the genus Physunio nothing
was known about the anatomy of the animal, but Simpson, judging from
the shell-characters alone, was led to include it amongst the Endo-
Sranchiae. This was an entirely wrong conclusion. Gravid females
were found in both the two new species collected and described by
Dr. Annandale, and it is to this fortunate chance that I owe the descript-
ion of the marsupium and the glochidium of the genus. No attempt
is made to deseribe the listologital or anatomical structure of the gills
in the present account as the anatomy of the animal is being described
in detail by Dr. Ekendranath Ghosh.

Q
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In both the species only the middle region of the outer gills is speial-
ized tq serve as a marsupium, while a larger posterior and a much
smaller anterior portion retain the ordinary respiratory character. The
marsupial region in both species is tiuch swollen and in the preserved
specimens is of a creamy colour. :Jt is clearly marked off from the an-
teripr and posterior respiratory regions. In P. wm'crop!eg;m'des seventeen
water-tubes are modified to serve as a brcod-pouch, while in P. ferru-
gineus only eleven are thus modified.

The characters of the marsupium of the genus may be summed up
as follows. Marsupium formed by 11-17 simple water-tubes in the middle
region of the outer gills, leaving a larger posterior and a much smaller
antericc unmodified portion for respiration.

From these characters it will be seen that Physunio should be included
in the group Exobranchiae of Simpson, and comes into his sub-group
Mesogenae. He established this sub-group to include the genera Cypro-
genia and Obliguaria, in both of which a variable number (7-23) of tubes
in the middle region of the outer gills are specialized as the marsupium, .
a larger anterior and a shorter posterior region remaining respiratory.
The marsupium of Ehysum'o agrees with the above two genera in having
the middle region of the outer gills modified, but differs in that the
shorter respiratory portion of the gills is anterior and not posterior as in
the American:forms ; also the modified water-tubes are in no way speci-
ally elongated. Ortmann (3) as a result of his anatomical researches has "
found it necessary to combine Simpson’s sub-groups Heterogenae, Meso-
genae, Ptychogenae and presumably also the Eschatigenae into one
group. In these forms various portions of the outer gills are modified
as brood-pouches. Ortmann has'included in the united group recog-
nised without special name all the forms in which a differentiated portion
only of the outer gills functions as the marsupinm.

The genus Physunio must, therefore, also be included here and not
amongst the Endobranchiae The water-tubes (fig. 2) are filled with
glochidia throughout their length, and in the fully charged marsupiuts
the great antero-posterior distention of the water-tubes is very well
marked ; the inter-lamellar junctions also are much elongated in this
region. The glochidia were seen to be rather loosely attached to one
another by their larval membranes and could easily be shaken apart.’

Glochidium.—The glochidia of the two gpecies differ mainly in size.
In the case of P. micropteroides (fig. 3) a glochidium measures 0-32 mm.
by 0-29 mm., while that of P. ferrugineus (fig. 10) is much smaller, being
0-28 mm. hy 0:26 mm. The glochidium of P. micropteroides 18 described
here in detail.

The glocidium is of the hookless types. 1t has the usual two shell
valves. As seen in lateral view the shell is semi-circular thhv a 9ur\'§f1
lower margin and an upper hinge-line. This line is nearly stvfmgh’t i
P. ferrugineus, a little curved in P. inicropteroides. The shell is thin in
the middle and all over except along the hinge-line and the border, where
it shows a distinct thickening. The whole surface, except the border, 18
finely granulated. From the inner edge of the ventral border (figs. '4 and
5) a confinuous flange projects inwards ; seen from the f.mt.enor or
posterior side this flange appears as a pointed tooth, but it 1s a con-
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tingous structure all along the margin. * It shows very fine ridges on its
ventral surface. Amongst the hookless glochidia like the present example
this flange musteserve the same purpose as the tooth in the hooked
glochidia though perhaps in a less efficient manner. Between the two
valves of the shells a ligament js pregent and can be easily distinguished
in sections and stained preparations: >
The inside *of the shell valves is lined by the larval mantle (figs,

6 and 7), which is formed of large cells. The cells have a conspicuous

.
4

nucleus and the cytoplasm is filled with g large number of minute graxules, -

In the mantle flap of each side two pairs of sensory cells (s.c.) can be
distinguished, one lying below the other. The adductor muscle (4. m.
figs. 9 and 6), which ig seen as a whitish ‘neaxly circular area thropgh the
shell in lateral view, lies near the anterior and dqrsal margins of the shell.
The muscle consists of muscle-fibres stretching from one valve to the
other ; these fibres have elongated unclei and are seen to divide before
becoming attached to the valves. Lying just posterior and at a little
higher level than the adductor musele is a triangular area (an. figs. 3
and 7). This is the rudiment of the variousrgans of the future adult
molluse. It consists of closely packed cells and extends a little below
the posterior margin of the adductor muscle. .

Fish host.—It is a well-known fact that after being shed from the
marsupium, the glochidia, whether of the hooked or hookless type,
become attached to the gills or the fins of fishes and thal each species

“usually affects a single host or a group of closely allied hosts.

The glochidia in the present case were seen attached to the caudal
fins of three species of fishes. The specific characters of the larvae can
be easily distinguished and hence the jpfecticn of the fish appears to heve
occurred recently. The specimens were obtained at the end of Fébruary
and the beginning of March. The glochidia of P. micorpteroides were
found on the caudal fins of Nemachilus brunneanus (fig. 8) and Nemachilus
brevis (fig. 9) ; both these species of fish were taken in streams. A single
glochidium of P. ferrugineus was found, on the other hand, deeply em-
bedded in the caudal fin of Barilius auropurpurens (fig. 11). The two
species of Nemachilus are found among weeds near or at the hottom and
the Barilius, though it usually swims near the surface, goes down to
the bottom at mid-day and was observed searching for insect larvae, etc.,
in the mud at places at which P. ferrugineus was abundant.
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4 " EXPLANATION OF PLATE XXIT.

Fia. 1.—Gravid female of Physunio micropleroides. M.=marsupium.

- Horizontal longitudinal section of a water-tube of gravid mar-

Fia. 2
supium showing the alochidia in the water-tube (w. £.).

Fre. 3—Lateral view of a glochidium. a.n.—adductor muscle ; an.
—anlagen.

Fic. 4.—Anterior end view of the glochidium. S.c.=sensory cells.

F1c. 5.—Glochidium after removal of one of the shells. 1. m.=adductor
‘muscle ; an. —anlagen ; f.=flange.

Fic. 6.—Transverse section of a glochldmm through the region of the
adductor muscle (a. m.). M. ..-manfle

Fic. 7.—Transverse section of a glochidium éhrough the anlagen (an.)
of the various organs. |

Fic. 8.—Glochidium on the edge of the caudal fin of Nemachilus
brunneanus.

Fra. 9.—Glochidium on the caudal fin. of N. brevis.

Fia. 10.—Lateral viewof a «vlochldmm of P. ferrugineus.

Fra. 11.—A glochidium of P. ferrugineus embedded in the candal fin of

Barilius auropurpureus.

Figures 2.9 are from sposimens of P. micropleroides.
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FRESHWATER TRICLADS FROM THE BASIN OF

THE INLE LAKE. 3 iy

L

By Tokio Kasuraki, Rigakushi, Science College,
Imperial University, Tolkyo.

(Plate XXVII). .

In the present paper a record is given of three new species of fresh-
water planarians from the basin of the Inlé Lake, Southern Shan States, +
Burma, which were collected by Dr. N. Annandale and Dr. F. H. Gravely
of the Zoological Survey of India, in the latter part of February, 1917.
The specimens were sent to Professor Oka of the Higher Normal School
of Tokyo, who kindly gave them over to me for examination. To the
gentlemen named I beg to express my thanks for the opportunity of
studying these interesting planarians. I deem it my duty to mention
my indebtedness to Professor Ijima for kind assistance jn many respects.

Planaria burmaensis, 1. sp.
Pl. XXVII, figs. 1, 4, 5.

This new species is 1epresented by six.individuals (W. *1%) in, the
collection. They were obtained from the middle of the Inlé Lake,
Southern Shan States, from a muddy bottom in about 12 feet of water.

The head in the preserved state presents a triangular shape and
merges behind in the trunk without being marked off by a neck-like
narrowing. The trunk gradually widens backwards to the region of
the genital end-organs and then begins to tapes rather abruptly, to end
with a point at the posterior body-end. The mature specimens measure
5—T7 mm. in length and 1:5—2 mm. across the widest part of the body.

The ground colour of the dorsal surface is usnally light' drab. There
éxist no pigments. One of the individuals with well-developed genital
organs presents on the dorsal side a light grayish-olive colour due to the
gut contents, the positions of the pharynx and copulatory organs being
marked by clear brownish colouration (fig. 1); the ventral surface is
of a much lighter colour, except the genital end-organs which appear
of a blackish ecolour.

The crescentic eyes exist at about the level of the tips of the lateral
lappets ; the distance between them is somewhat less than that of either

veye from the tip of the lappet of the same side. Only in the grayish
individual mentioned above the ¢ye is surrounded by a colourless area.
The eye consists of a pigment cup and of numerous retina cones, just
as in PL gonocephala. The species is wholly destitute of colourless areas
corresponding to the auricular Sense organ.

Th~ epidermis is somewhat thicker on the dorsal than on the ventral
side. The complete absence of Thabdites in both the epidermis and

R
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the parenchymu is of interest. In addition vo the glands opening sub-

marginally on the ventral surface there are some eosinophil glands |

which open here and there in scattered distribution all over the entire
surface of the body.

The dermal musculature is well developed and consists as usual of
circular, diagonal and longitudinal layers. Dorso-ventral fibres occur
also in the usual manner.

The mouth is placed slightly in front of the commencement of the
posterior third of the body. The pharynx is inserted a short distance in
front of the middle of the body : its length is nearly equal to one-sixth
that of the body. The intestires are quite of the Tric].ad type. The
anterior trunk extends to a point far in front of the brain and usually
sends out 8 pairs of lateral branches, which are sometimes l?lfurcnf:ed
and sometimes multifurcated. The posterior trunks are provided with
13—15 subdivided branches. So far as I have observed, Minot’s glands
are altogether absent in the intestinal epithelium. The food 9f the
worm seems to consist of small organisms, either planktonic or littoral.
Remains of a crustacean were found in the pharyngeal chamber and
intestinal canal. Mareover, the latter was found to be filled with a
dense coagulum.

Of the excretory canals I have been able to obtain no more insight
than a few loops at some peints in the dorso-lateral parts of the body.

The exact arrangement of the nervous system could not be ascer-
tained, but it seemed to be quite similar to that of Pl gonocephala : Each
longitudinal nerve-trunk forms anteriorly a wgll-developed brain-mass,
those of the two sides being connested by a number of strong commis-
sures. From each brain-mass arise a few forwardly-directed sensory
and numerous lateral nerves. Posteriorly the longitudinal trunks pro-
ceed, running nearly parallel to each other, to the tail-end of the body,
and are connected together by fine transverse commissures. Lateral
nerves are given off from the main trunks usually at points opposite to
the union of the latter with transverse commissures. Marginal nerves
could not be brought under observation.

The genita! opening lies nearly midway between the mouth and the
nind end of body. Tt leads into the narrow vestibulum, which receives
in front the opening of the penis-sheath. Both the vestibulum and the
penis-sheath are lined with a single epithelium resting upon a fine bgsci
ment membrane, beneath which are found circular and lon;n'tudmﬂ
muscular layers, Eosinophil glands are found all round the vesttbulun;.
into which they open. In one individual a compact mass of spermat-
0zoa was observed in the penis-sheath, close to the tip of the penis.

Numerons testes oceur, occupying a dorsal position in thtj b(’d}'; The-‘l'
are arranged in two lateral zones beginning from the brain regon “'“]‘l
extending behind nearly to the postevior end of the body. Asis we
known, each testis is made up of sperm-mother cells and g}permatozloa
in all stages of development, surrounded by the tunica propria. Usnally
each testis gives rise, on its lower side, vo a fine testicular canal or vas
efferens. This can he made out only by a careful search. The vasa
efferentia run down between gut diverticula, frequently uniting with
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one another to form soméwhat wider ducts, and thew take a course
directed towards either of the vasa deferentia, which are distinctly
discernible in the pharyngeal region. The vasa- deferentia, proceeding
backward inside the longitudinal nerve cords on the ventral side, rise
upward to enter the penis-bulb separately on the sides and finally
open into the lumen of the penis or the ejaculatory duct (see figs. 4 and
9). The vas ‘eferens, whigh is filled with spermatozoa, has the wall
consisting of an epithelium and an outer layer of ring-muscle fibres
best developed in the neighbourhood of the penis. ‘

*The penis consists as usual of two parts, viz.! the free, conical and
massive intromittent part lying horizontally in the penis-sheath; and
the bulbous basal part of strongly musctlar nature. .The latfer parc
encloses a wide and smooth-walled cavity of a spheroidal shape, the
seminal vesicle ; posteriorly this is continuous with the ejaculatory duct,
which opens into the penis-sheath at the under side of the tip of the
penis. Inits course the ejaculatory duct makes an obliquely anteriorly
directed annular outbulging, much as in Pl. gonocephala ; consequently
there is formed in the lumen a small backwardly directed process
surrounded by the said outbulging and which is axially traversed by
the narrow anterior section of the ejaculatory duct. It is a short
distance in front of the above process that the duct receives laterally
the outer ends of the vasa deferentia. Imbedded in the parenchyma
around the penis-bulb are numerous eosinophil penis-glands, the ducts
of which enter the penis at the base and open into the ejaculatory duct
behind the outbulging mentioned above.

The paired ovary is gituated far behind the brain and between the
fourth and fifth anterior lateral branches df the gut. It is of a nearly
spherical shape. o ¥

The vitelline glands are represented by cellular cords with the cells
arranged in one or more rows; they are very extensively diqtri-
buted posteriorly from the region of the, ovaries and in the interstices
between gut diverticula, and stand at many points in connection with
the oviduct.

The oviduct of each side starts from the antero-lateral aspect of the
ovary as an ampullaceous passage filled with spermatozoa ; this soon
@ssumes the character of a narrow tube, which proceeds straight back-
wards just along the outside of the nerve-cord. In the region of the
genital aperture, the oviduct rather abruptly bends mediad, at the same
time rising slightly upward, soon to open into the vestibulum from be-
hind near the outer end of the vaginal canal, without uniting with its
fellow of the opposite side into a common duct, The oviduct shows a
distinct lumen in its entire length. Its actual wall is formed by a homo-
geneous and ciliated Jayer which shows no nuclei ;—apparently a part of
can epithelium, of which the nucleus-containing parts are sunk into the
surrounding parenchyma, as has been observed by several investigators
to be the case in Pl gonocephala, Pl polychroa, Dendrococlum lactenm,
ete. Directly external to the layer mentioned are the two layers of
internal circular and external lengitudinal muscular fibres., An inver-
sion in the relative position of these two muscular layers does not oceur
in the terminal parts of the oviduer, as it does in some species according

\
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to v. Graff,! Stoppenbrink® and others. Outside the muscular layers
there exists a cellular coating which probably represents the insunken
parts of the lining epithelium. Processes from the cell§ are occasionally
seen to extend to and to join the ciliated lining layer.

As already indicated, the oviduct receives the vitelline glands at
several points of its course. The mode of the connection is quite similar
%o that described by Kennel,® Ijima,* v. Groff and others in  PL. gono-
cephala, Pl. polychroa, Dendr. lactewm and some land-planarians. It is
effected by means of a pyriform or spherical giant cell, which usually
contains an internal space filled with spermatozoa and probably com-
municating with the lumen of the oviduct. The cytoplasm of the cell
is finely granular and exhibits but little affinity for haematoxylin ; the
nucleus is by far larger than those of surrounding tissnes. In no case
have I been able to demonstrate the polycellular club-shaped body
which was deseribed by Stoppenbrink in place of the single giant cell.
In sections the cellular cords of the yolk-cland are seen to be attached to
the surface of the giant cell, but exactly how the yolk-cells reach the
oviduet lumen cannot be elucidated. As has been pointed out by
previous authors, the giant cell in question is probably of a glandular
nature. It may be chat its secretion disperses into the parenchyma and
acts as an attractive agent, which may cause the yolk-cells to collect at
its position. ’Event;ually the cell breaks up and disappears, and then the
yolk-cells may be said to be in a position to make their way unhindered
into the oviduct. 4

The receptaculum seminis (uterus) is a large sac-like organ oceupying
a position between the pharyngeal chamber,and the penis. Its.wall
is &n epithelium made up of largeccolumnar cells of a glandular nature,
resting on a delicate baseinent membrane, beneath which are layers
of fine circular and longitudinal muscular fibres. In the specimens
I have examinéd, the organ secems to have been in secretory activity.
the cells containing some refringent globules besides being vacuolated.
In one individual, the organ contained spermatozoa enveloped in a
coagulum of the secretion, while ip another it contained a well-formed
spermatophore of an elongate ovoidal shape.

From the .postero-superior end of the receptdculum arises the vaginal
canal, which runs backward, passing dorsally to the left of the penis, and
then dips below to open into the vestibulum. The vagina is internally
lined with an epithelium made up of eylindrical cells resting on a fine
basement membrane. Just external to this are found the internal
longitudinal, the middle circular and the external longitudinal muscular
layers in direct succession. Of these the circular layer is best developed,
thickest in the middle parts of the course of the canal. Towards both
ends of the canal, the muscular layers ag a whole gradually grow thinner.

1 v, Graff, L., 1899, Monographie der Tirbellarien. 11, Tricladida terricola.

* Stopﬁcnbrink. ., 1905. * Der Einfluss herabgesetzter Ernihrung auf den histo-
logischen Bau der Siigswassortricladen. ' Zeilschr. f. wiss. Zool., Bd. LXXIX.

2 Kennel, J., 1870, * Die in Deutschland gefundenen Landplanarien, REynchode-
mus terrestris O. ¥, Mill. und Geodesmus bilincatus Metschn.”  Arbeiten des zool.-zoof.
Inst. su Wiiraburg,

! Tjima, 1, 1884, * Untersuchungen iiher Bau und die Entwicklungsgeschichte
der Stisswasser-Dendrocolen (Tricladen),”  Zeitschr. f. wiss. Zool., Bd, XL
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Outside them the canal is surrounded by a large numiber of cells,
which seem to be of a glandular nature. Processes from these cells are
sometimes observed to extend right to the internal epithelium. In one
individual, I have found spermatozoa in considerable quantity in the
Iumen of the canal. ; duls e

Planacia annandalei, n. sp.

Pl. XXVII, figs. 2, 6, 7.

This new species is based on a single specimen (W. 1) whick was
collected about half a mile off Kyezagon, in the Inlé Lake, Southern
Shan States. from a muddy bottom in about 7 feet of water.

The body-shape in the preserved condition is closely similar to that
of Pl torva and polychroa in the same state. The head is broadly rounded
and merges into the trunk, from®which it is indistinctly separated by
a slight neck-like narrowing. From the region of the genital organs
the sides of the trunk converge backward to the rounded posterior
extremity. The specimen measures about 6 mm. in length and 1-5 mm.
across in the broadest part of the body at the pharyngeal region.

The dorsal side of the specimen is of a buffy-brownish colour, which
acquires a much darker tone in the median parts from behind the eyes
to the posterior body-region. The ventral surface is of & much lighter
colour than the dorsal side. .

Two crescentic eves, each surrounded by a small oval space with-
out pigment, lie slightly in front of the line drawn across in the broadest
part” of the head; the distance between them is about equal to that
between either of them and the lateral head meargin of the same side.

The auricular sense organ of each side, visible as a slender colourless
streak, extends posteriorly from the level of the eyes, exactly as in PL
polychroa.

The epidermis is somewhat thinner on the dorsal surface than on the
ventral or at the body-margin. It nowhere eéntains rhabdites except
on the head near the anterior margin, where they are found in very
small numbers, evidently situated between the epidermal cells. In
the part of the body just indicated and immediately beneach the dermal
ifiusculature, there occur such rhabdites as are still contained in their
mother cells. These are scattered in a sparse number in the paren-
chyma. There are some eosinophil glandular cells, situated in the
parenchyma, opening to the exterior at various points of the entire
body-surface, much as in the preceding species.

The mouth is situated at the end of the middle third of the body.
In the specimen examined the pharynx is entirely missing, apparently
having been lost by breaking through the dorsal body-wall before pre-
servation. The unpaired anterior main trunk of the intestine extends
to a point in front of the brain’ It scemed to be provided with at
least 8 pairs of lateral branches, while each of the posterior trunks
gives off a larger number. Among the columnar cells of the intestinal
epithelium Minot's glands are bt rarely found.

The genital aperture lies slightly in front of the middle of the pos-
terior third of the body. It leads directly into the simple penis-sheath

-
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(fig. 6, ps.), ntuch as in Pl polychroa. A® large number of eosinophil
. unicellular glands, occurring in a cluster around the genital aperture,
discharge themselves into the atrial part of the sheath.

Numerous follicular testes are placed close together in the dorgal
parts of the body, arranged in two lmgitudina“atcral zones which extend
from the ovarian region to nearly the posterior end of the body.

o The vasa deferentia, filled up with spermgatozoa, cait Pe clearly made
_out in the pharyngeal region. After running backward in the usual
way, they rise obliquely upwardsto enter, each separately, the bulbous
part of the penis at the upper lateral sides. After that they again
slanttdown and finally open into the lumen of the penis or the ejacula-
tory dwct. Ties is devoid®of the annular outbudging which we have
o Scen in the preceding farm.:
> The penis consists of the hemispherical bulb and the conical and
massive intromittent part which is horizontally disposed in the penis-
sheath. The bulb contains a relatively narrow and smooth-walled
seminal vesicle, which posteriorly narrows gradually into the ejaculatory
duct. In its cofrse the &aculatory duct receives laterally the vasa
deferentia and throughout its length the eosinophil penis-glands, which
« are profusely present in the body-parenchyma around the penis-bulb.
The ovaries are nearly spherical in shape and are present in a pair
close behind the brain and probably between the first and second pairs
of the lateral branches of the anterior gut-trunk.

The oviduct of either sifle leaves the ovary in the form of a funnel-
like widening, which is filled with spermatozoa, For the rest of its
length it is a narrow duct running just outsidg the longitudinal nerve-
trunk ;,in the region of.t.h°c venital opening it nears the median line,
slightly rising at the same fime, and finally opens into the vaginal canal
from behind and at a point near the outer end of it. The vitelline
alands extensively fill up the interspaces between gut diverticula. They

are in connection with the oviduct at numerous points by means
of a spherical or pyrifgrm giant cell.

The receptaculum seminis is a nearly fusiform suq-likq organ, situated
dorsally in front of the penis. It is lined with an epithelium of elongate
eylindrical or pyriform cells. The appearance of the cells varies much
with the state of their secretory activity ; the protoplasm i3 either
entirely homogeneous or contains some globules, and at other times it is
vacuolated. They rest upon a delicate basement-membrane, close to
which is a feeble layer of mustular fibres. Some small glandular cells
of a pyriform shape are foun

d M close apposition to the wall of this organ
in the posterior parts, as ghown in fig. 7.

Of interest is the fact that the receptaculum seminis of this specimen
contained a spermatophore, or rather the capsul? of an empty spermato-
phore. Unlike that of PL. torva, gonocephala, striata and of the preceding
species, the spermatophore of the present species appears to be of a
tubufar form, irregularly twisted as it lies in the cavity of the
receptaculdm. The cap;s\l]e is thin, homogeneous fmd_amm.rently of
an elastic nature : it stains deeply wigh eosin, agreeing in this respect
with the ecosinophil secretion of the penis-glund. and differing

from the cyanophil secretion of the receptaculum geminis. The fact
e
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manifestly stands in favour of the view (Schultze,? ‘Woodworth,®
Bergendal® and Weiss®) that the formation of the spermatophore takes
place in the penis-lumen, and not in the receptaculum seminis. Still
anofher point which lends probability to this view is the fact that in
the present species the spermetophere is tubular in conformity with
the general shape of the lumen of the penis. ° C

The receptaéulum seminis, gives rise posteriorly to the vaginal canal, .
which runs above and somewhat to the left of the penis. It opens into
the penis-sheath from above. The cylindrical epithelium of its ‘wall
restston a delicate basement membrane, beneath {which is a muscular
coat consisting of an internal circular and a thinner external longitudenal
layer. Further, the vagina is surrounded by ‘a large number of pyriform
cells, which appear to represent the unicellular glands seen in the
preceding form in the same situation.

Planaria bilineata, n. sp.
Pl. XXVII, fig. 3.

This new species is represented again by a single specimen (W.
taken on the lower surface of a stone in a small stream in Yawnghwe
State above Fort Stedman, at an altitude of about 3500 ft. above
sea-level, Southern Shan States. ‘

Externally the specimen looks very much like PIL gonocephala,
subtentaculata, maculata, aborensis, etc., so far as concerns the shape
in the preserved conditien. The head is somewhat markedly triangular,
with a*slight prominent lappet on either side. There thus exists behind
the head a somewhat neck-like constriction. The trunk in the hind
parts gradually tapers to the bluntly pointed posterior extremity, which
in the present specimen bears a sign of regeneration in that it exhibits
pigmentation in a somewhat less degree than the rest of the body-surface
(fig. 3). The worm measures 8 mm. long by 2:5 mm. across in the
broadest part of the body. L

The colour of the dorsal surface is darkish olive-brown, with two
longitudinal well-defined blackish bands running on either side of the
median line from the eyes to the posterior end. These: bands are
namower and much more distinctly defined than those somefimes
observed in Pl gonocephala. The ventral surface is as usual of a some-
what lighter colour than the dorsal.

The crescentic eyes, each situated ai the inner edge of an oval
colourless area, are situated about midway between the anterior extrem-
ity and the line connecting the apices of the lateral head lappets, and
are separated from each other by a space about equal to the shortest

129),

“1 Schultze, M., 1854. * Zoologische Skizzen.” Zeitschr. J. wiss. Zool., Bd. TV, ppd
186, 187, 3 .
? Woadworth, W. MeM., 1801, * Contributions to the Morphology of the Turbel-
laria 1. On the structure of Phagocata gracilie Leidy.” Bull. Muns. Comp. Zool.

Huarvard Coll., Vol. XXI, pp. 31, 32.

* Bergendal, D., 1892. * Einiges iiber' den Uterus der Tricladen.” Festsehr. = 70
ten Geburistag R. Leuckarts, p. 318.

¢ Weiss, A, 1910. * Beitriige zur Kepntnis der auvstralischen Turbellarien. |,
Tricladen.”  Zeitsehr. f. wiss. Zool., Bd. XCIV, pp. 584.586,
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distance of efther eye from the lateral head-margin of the same side.
Auricular sense organs are present on each side as very distinct,
reniform, non-pigmented areas on the cephalic lapped, much as in Pl.
qonocephala. )
The epithelium is full of minute rhabdites. Those inclosed in the
subcutaneous cells decur in wide distribution over vari(:us parts of the
.,

. body. i

%he mouth is situated about between the third and the I.ourt;h
quariter of the body. The insertion of the pharynx fakes place slightly
in front of the middle of the body, being somewhat shorter than ~one-
thisd the body-length. The anterior gut-trunk extends as far for\\':}rd
as thes eyes and gives off 6n either side nppro.\'inmtely seven branching
diverticula, while the posterior trunks are provided each with at least
thirteen bifurcated or trifurcated diverticula. Minot’s glands are found
in abundance in the gut epithelium. W

The nervous system seems to be in its main features similar to that
of Pl. burmaensis. The sexual organs were not yet developed in the
individual examined, e




THE FAUNA OF THE INLE LAKE.
SUMMARY OF RESULTS. -

By N. ANNANDALE, D.Sec., F.A.8.B., Director,
Zoological Survey of India.

With Plate XXVI. -

The object of this paper is to summarize what has bceq Said in
previous papers in this volume on the biology, the geographical rela-
tions and the origin of the fauna of the Inlé Lake.

In the time at our disposal ia the Shan States Dr. Gra-vely and T
were able to study only the macroscopic fauna and I must ignore one
important element, namely the plancton, which I have purposely
omitted from consideration. At the time of our visit to the lakc_:, in
early spring, floating organisms were extremely scarce a_nd it is
always necessary if the plancton of fresh water is to be examined in a
satisfactory manner that collections should be madé at all seasons.
We know that many of the organisms are plastic and vary great.;ly
with temperature and the like, and I am not at all sure that descrip-
tions of stray samples of plancton are not liable to obscure rather than
to elucidate the biology of a given body of water. In another direction
we were able to do little—=in the collection of aquatic reptiles, Batrachia
and the more delicate insects, mainly*because ye were on the lake too
soon after winter. k v

>

ZoNEs oF Lire 1¥ THE INLE LAKE.

Three zones of life can be distinguished in the Inlé Lake :—a Marginal
Zone, an Intermediate Zone and a Central Region. '

Marginal Zone—This is a zone of varying width that encireles the
lake. It owes its most peculiar features to the fact that-ift is covered
with floating islands of dead and living plants in which the dead matter
18 undergoing a transformation into fen-peat: The process produces
chemical changes in the water and also in both the chemical and the
physical condition of the mud at the bottom, which is black, fairly
coherent and often malodorous. Contamination of another kind is due
to the villages built at the edge of the lake and on piles in the water,
The floating islands provide abundant cover, with the floating plants on
the channels between them, while the villages provide food for foul-

feeding animals ; but the conditions prevalent in this zone are unfavour-

able to the more delicate forms of life and the environment is of the palu-

dine rather than the lacustrine tvpe. At the two ends of the lake) and

to a less extent at certain places on the western shore, the ring of floating
islands merges gradually into a great marsh, covered with a network
of natural and artificial waterwayvs and econtaining numerous small
stagnant pools. This marsh is buried in gigantic reeds, which are burnt

8

o
-
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down by the villagers in spring and explade with reports like pistol-
shots, producing dense clouds of smoke. The floating islands are often
reversed and cultivated or made to support pig-styes; or even human
habitations.

Intermediate Zone—On the inper edge (i.e., the edge nearer the
centre of the lake) of the Marginal -Zone the water, though doubtless
less pure than that of the central parts, is clear, and ths mud, though
black, is less coherent and less malodorous. Submerged thickets of
such plants as Ceratophyllum, Hydrilla and Utricularia flourish, those of
Ceratophyllum being particularly luxuriant. This part of the lake may
be cenveniently considered as an Intermediate Zone, but its boundaries,
whether inwards or outwards, -are ill-defined.

Central Region.—In the open central parts of the lake the water is
of the most perfect transparency, oxygenation of dead vegetable matter
takes place rapidly and completely, and the bottom is composed of
minute calcareous particles and fragments of dead plants mingled
together to produce a peculiar greyish semi-liquid mud much less solid
than good porridge. It has no foul odour. Mr. R. V. Briggs has
provided the following analyses of dried mud and of water from this
region i— :

Water from Surface in Central Region. Mud from Bottom of Central Region,

Per litre, Per cent.
Total solids . a 3 . 01710 Insoluble Silicions matter . 098
Organic matter . o . 00160 Alumina . - 2 . 130
Caleium 2 ¥ : . 00222 Oxide of Tron > 2 o225
Magnesinm . . . . 002599 Lime . 3 s . . 4531
Chlorine ; 4 ; . 00017 Magnesig s - . 1:25
Sulphate (SO4 ~ 8 . 00017 Potash . 3 i A o 012
Silica . g 5 : . 00010 ¢ Soda . x : > . 046
Carbonie Acid (COy) 2 . 61030 Moisture % 3 < . 310
Carbonie Acid g 3 - R 1 b
Iron : . ; K . Loss Phosphorie Acid . 3 el I
than Sulphurio Acid - - . 041
one *Organic matter and combined
paty in water by difference . . 1150
5 mil
lion, 10000
*Containing Nitrogen . 0619

A considerable part of the Central Region, from \_vhich, despite its
shallowness, plants growing up out of the water or floating on the surface
are practically absent, is filled a.lmost to the surfuco with t-lucket-s_nf
Ceralophylhm;, but the bottond m many‘plnces is almost bare, with
scattered plants of Potamogeton and Hydrilla or with elumps of Chara-
ceae, the growth of which seems to choke that of other plants. The
Intha fishermen have the custom of protecting the houses occasionally

tral Region in connection with fisheries or for

built on poles in the Cen . !
other purposes, by floating breakwaters formed of strips cut off from

the islands of the Marginal Zone, towed ouf and anclmrgd by baml}ﬂﬂ
poles thrust throngh them into the bottom. 'ljhese _ar"t.l_ﬁclal 11({31}!1\;1
islands floarish and produce in their immediate vwnn'ty conditions
similar in some respects to those prevalent in the Intermediate Zone, but
they are not numerous and their influence is on the whole of small
importance.
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The most striking feature of the fauna of this zone is its wealth of
insect life. Characteristic species occur among the fish and molluscs,
bus most of them are also found in marshes and pools and the fauna as
A whole is paludine. o TaiEing ?

SpoNGEs.—Ephydatia fluviatilis var. intha is occasionally found and
Spongilla fragilis var. calcuttena and S. lacustris var. proliferens occur,

ANNELIDS.—In mud at the edge of the lake we found two species of
Oligochaeta, the Tubificid Branchiura sowerbyi, one of the few species
with' external gills, and the Megascolecid Perionyx fulvus, a form that
posgesses no obvious modification for an aquatic life. The specirfiens
of Branchiura are of-normal size with the gills long and as a rule nu-
merous. A small almost colourless leech of the genus Glossosiphonia is
common on the gastropod molluses Zaia shanensis and Ampullaria
winkleyi, and we found specimens of a larger species of the same family
on the tortoise Cyclemys dhor shanensis.

. Poryzoa.—The Ctenostome Hislopia lacustris sometimes grows on
Gastropod shells, but not so commonly or so luxuriantly as in other
parts of the lake.

Decarop Crustaces.—The little Atyid prawns Caridina annan-
dalei and C. weberi occur, but €. weberi, which apparently enters the
lake occasionally from small streams, is much less abundant than its
congener, The crab Potamon acanthicum is fairly common among
the roots of floating islands and P. curtobdtes probably wanders in
occasionally from the rice-fields and marshes it usually inhabits.

Insects.—Both larval and adult aquatic insects are very abundant,
but the latter are mainly surface-forms, the family best represented
both in species and individuals being the ‘Hydrometridae, which are
attracted both by the shelter afforded by the islands and the floating
plants on the waterways, and also by the abundance of food. As all
members of the family are rapacious or fegd on dead insects that have
fallen into the water it is important for them te live in places where
other insects are abundant, while their movements on the surfage are
greatly impeded by even small waves. The commonest species f)f
Hydrometridae on the Inlé Lake are Gerris fossarum and G. nepalensis.
Awzother family of Rhynchota, not surface forms, is well represented
in the Corixidae, but Nepidae are comparatively scarce. \"ater-'l)egtles
of all families are also rather scarce. Dragon-fly larvae (Agrionidae
and Aeschnidae) are abundant. Among Dipterous larvae we observed
those of Culicidae (hoth Culicinae and Adophelinae,? both very scarce),
Chironomidae and Stratiomyidae. Caddis-worms were not very common.

Speaking generally, therefore, the insects of this zone are just such as
would be found in any Oriental marsh, though the number of apparently

* endemic species is large. No special modifications were observed.

" MorLuscs.—The characteristic molluses of this zone are Planorbis

exustus, Ampullaria winkleyi, Hydrobioides nassa typica, Hyrobibides

nana and Taia shanensis. All of these but the last, which has not

Y Anopheles barbirostris, v. (. Wulp. 1 have to thank Dr. Baini Prashad for
npaming specimens of larvae, A
82
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been recorded. from any other definite locality, are also found in swamps,
pools and canals in the neighbourhood and have a wide distribution
at any rate in Burma. Hydrobioides nassa lacustris: occurs with the
typical form in this zone only. Probably the pond form of Limnaca
andersoniana, of which a dead she]l was found floating on the surface,
visits it occasionally, but the smaller Limnaeidae of other parts of thes
Jake are scarce if not altogether absent. Succinea indiza is found at the
margin. We took no specimens of Melania or of any Pelecypod.

Fisu.—Most or all of the fish of the Central Region of the lake
wander as far as the Marginal Zone occasionally, but its characteristic
speeies, which rarely or never visit the Central Region, are the eels
Amphizmous cuchia and Monopterus albus, the cat-fish Clarias batrachus
and the minute but brilliantly coloured Cyprinid Microrasbora erythro-
micron. With the exception of the last, these are mud-haunting species
of wide geographicnl range that flourish in marshes, rice-fields, ditches,
canals and slow streams. M. erythromicron is, however, a surface or
mid-water fish that conceals itself under floating vegetation. It is only
known from the:Inlé Lake and from other parts of the Inlé basin, in
which it is, to judge from its frequent occurrence in the dried whitebaif;
sold in the Intha bazaars, by no means uncommon. A single specimen
of the peculiar little eel Chaudhuria caudata was taken in this zone.

Reprines —The tortoise Cyclemys dhor shanensis, only known from
the Inlé system, is not uncommon at the edge of the lake.

ANTMAL LIFE IN THE INTERMEDIATE ZONE.

_ There are few species confined to this zone, which is naturally a meet-
ing-place for those of the Central Region and those of the Marginal
Zone. Perhaps the most characteristic feature is the rich growth of
sponges, mainly Ephydatia fluviatilis var. intha.

SponGES.—The Ephydatic is very common on weeds and Spongilla
lacustris var. proliferers occurs.

HybprozoA.—Numerous specimens of Hydra vulgaris were found
amidst a growth of Hislopia on a post in this region. N

AxsELILA—Minute free-living Oligochaetes of the family Naididae
are common among weeds and Polyzoa, but the only specimens collest-
od were from the canals of Ephydatia. They represent three species of
the genus Chaetogaster, one of whi.ch has recently heen described
from freshwater sponges in Japan, while another was originally found in
the same organisms in Calcutta, the third being Palaearctic and often
quasi-parasitic on Limnaea. . . :

Poryzos—The house-posts of fishing-huts erected in this zone are
covered with a growth of Hislopia lacustris, which also occurs very

—

commonly on the shells of living molluses of the genera Hydrobioides *

and Taia. We found, on the stem of a plant, a single cnlony.of .
malayensis, an allied species described from a small lake in the Siamese
Malay Sfates and also common in the River Hughli at Calcutti.

DEcaron CrustacEA— Probably the only Decapod Crustacea that
live in this zone are the same as those found in the Central Region,
namely Potamon acanthicum and Caridina annandalet,

(4]
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dnsecTs.—Insects are much scarcer than in the Marginal Zone.
Most if not all of the marginal species, however, make their way into it
occasionally. SeVeral Chironomid and free-living Trichopterous larvae
weye found in the canals of Ephydatia, together with one of the Neurop-
Jterous genus Sisyra (Hemefobiidae), & genus whose larva is always found
in sponges. .

MoLLuscs.—The most ckaracteristic molluscs of the zone is Taia
elitoralis, which is not known elsewhere but is closely allied to the fossil
T'. conica from the Hsin-Dawng valley in the same district. It reaches
a lafger size than any other Gastropod of the lake except Ampullarie.
Hydrobioides nassa lacustris grows larger here than in the Cerftral
Region. Ampullaria «winkleyi is fairly common at sonie placés, but
Planorbis exustus does not come so far from the margin of the lake.
The smaller Limnaeidae are perhaps more numerous in this zone than
in any other ; their shells are ofterra little darker in colour than in the
Central Region.

Fisu.—There is no fish peculiar to the Intermediate Zone, but the

“ little Cyprinidae Microrasbora rubescens and Sawbiwa resplendens, which

are also common in the Central Region, perhaps breed in the former
only, for it was only in this zone that we found the males in full
breeding colour. Barilius auropurpureus, on the other hand, is neither
80 big nor so brightly coloured, though common enough, as in the
Central Region. All weed-haunting species “ are abundant, e.q., the
Shan Carp (Cyprinus carpio intha), Cirrkind latia, Ophiocephalus spp.,
Mastacembelus spp., efe.

. L
° .

L]
ANmaL Lire 18 THE CENTRAL REGION, .

This is the only part of the lake in which the fauna can be said to be
completely lacustrine. Tn it most of the peculiar species (excluding
insects) occur in abundance and in mafy respects it is the most
characteristic of the three regions. A curious feature is the complete
absence of sponges, a fact for which no explanation is at present
forthcoming. A similar lack is that of Phylactolaematous Polyzoa,
but this is a feature of other parts of the lake also. The béttom fauna
is perhaps richer than elsewhere, and it was only in the Central Region
that we found Pelecypoda.

PraryuEMONTHES. —Small Planaria . of very normal appearance
(P- burmaensis and P. annandaler) were dredged from the bottom. The
most interesting feature about them is the complete or partial absence
of rhabdites from their integument. The aberrant Trematode or
Temnocephaloid Caridinicola is common in the gill-chamber of Cari-
dina annandalei.

" Axyeuma—The only Oligochacte we collected was Branchiura
sowerbyi, which in the semi-liquid nfud of this region attains an unvsual
size and has as a rule its gills less well developed than in the Marginal
Zone, in which the water is much less thoroughly oxygenated. Great
length is necessary for a cylindrical animal in the peculiar mud of the
Central Region, if it would maintain a vertical position. A small red
leech of the actively predaceous family Herpohdellidae is found occasion-

.
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< . .
ally on the bottom and a Glossosiphonia, probably the same as that
taken in the Marginal Zone, is not uncommon on Taia intha.

Poryzoa.—The only Polyzoon seen was H islopia lacustris, colonies
of which often cover living shells of Taia and Hydrobioides and gsow
on the exposed part of the valves of, Physunio. This animal also grows,
over posts in the water. Its growth must be rapid, for it is known to

“cover a post in a few weeks.

Decaron Crustacea.—Cariding annandalei is very abundant among

weeds and we dredged several specimens of Potamon acanthicum from the
bot4om.
Insecrs.—Adult aquatic insects are scarce in this region. At places
where artificial breakwaters have been made by anchoring strips of
floating islands a few individuals of Gerris fossarum and G. nepalensis
may occasionally be seen on the surface, in the shelter of the break-
waters. A Micronecla also occurs beneath floating masses of Cerato-
phyllum.

The number- of insect larvae, on the other hand, is enormous, but
rather in individuals than in species. At the scason of our visit (the
latter part of February and the beginning of March) vast swarms of
small midges, caddis-flies and may-flies issued from the water every
evening at dusk. They consisted mainly of three species, a small
Chironomid of a genus T have been unable to identify, a small may-fly
of the family Baetidae and a small caddis-flv of the family Lepto-
cetidae. All three species are able to live, if they survive the attacks
of the fish Barilius auropurpureus (which feeds extensively upon them)
and other enemies, for several days. By day they conceal themselves ;
wn found them in abundance between our hooks and in every possible
corner. Fortunately none of them were blood-suckers. In spite of
the prodigious abundance of the midge we were unable to identify its
larva ; possil)l_v it is a red “ ])I()od-\vornl” very like that of many
European species and common in mud at the bottom. The larva of the
caddis-fly lives in great numbers among weeds in a little horn-shaped
case of consolidated silk. Its feet are fringed with long hairs and it
swims about vigorously by means of them. The Ephemerid larva is
also found among weeds. It is a rather sluggish little fmiuml of the
type normal in its family. Other larvae found in this region are those
of numerous species of dragon-flies, Agrionidae and Aeschnidae among
weeds and Libellulidae on the bottom. The commonest species are the
Agrionids Tschneura  Sp- and  Pseudagrion microcephalum. The only
other larva that we found at all common was that of the Chironomid
Polypedilum. This larva constructs a case of silk to which it affixes
living Protozoa (Epistylis), and lives among weeds, feeding on the
Protozoa and other small animals. No burrowing larvae were observed
except the red * blood-worms.” :

MorLusos.—All the characteristic molluses of the lake (except Taia
shanensis and T. elitoralis and the paludine species of the .Murgmul
Zone) are to be found in large numbers in this region. Taia 1.911/1«-. and
Physunio ferrugineus are apparently endemic in it, while the widely
distributed Melania tuberculata and Pisidium casertanion Were not found
in any other part of the lake. Tata intha, 1 ydrobioides nassa lacustris
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and H. physcus are much the*most abundant species. Admnicola alticola
is also very common, and Physunio ferrugineus fairly so. The smaller
Limaeidae occursin small numbers among weeds.

Fisp.—All the fish of the lake (except the mud-loving eels and cat-
fish and Microrasbora erythropicron) probably enter this region, but
Barbus schanicus, which is not a trfie lacustrine fisk, avoids it habitually
and we have florevidence ag to the oceurrence of Lepidocephalus berd-
morei, which is little more than a stray immigrant in the lake. The most
characteristic species is Barilius auropurpureus, which swims in‘large -
shoals just below the surface of the water. Chluudhuria caudata is
found among weeds. e

. - L2

The fauna of the Central Region (i.c., the true lacustrine fauna)
of the lake consist mainly, from a biological point of view, of two ele-
ments, »iz., animals that live amofig weeds and bottom forms. Surface
organisms of all kinds are, at any rate in early spring, very scarce and
even Barilius auropurpureus descends to the bottom in the heat of the
day. ®

The bottom fauna includes comparatively few burrowing forms,
probably on account of the tenuity of the mud, which renders burrowing
for any but very small and light or extremely elongate animals difficult.
Among the few burrowers are Physunio ferrugineus, which works its
way through the mud with the aid of a sharp projecting * wing ™
and is never entirely submerged, a very small form of Pisidium caser-
tanum, the Oligochaete worm Branchiura sowerbyi (which is much longer
than usual in this positioif and, like the Unignid, only buries the anterior
part of its body) and small red Diptefous (Chirpnomid) larvae. Melawia
tuberculata erawls habitually on the bottom, on which, as well as among
weeds, Taia intha and the species of Hydrobioides are also to be found.
We dredeed a few small Planarians of normal appearance and some
flattened Libellulid dragon-fly nymphs, also mud-crawlers.

Life is rich among the weed-thickets of this cegion. Most of the l_ish
conceal themselves and probably spawn among them, The small Lim-
naecidae so characteristic of the lake as a whole, Caridina annandalei
and the larvae of Agrionid dragon-flies and of the Trichoptera and Ephe-
fherids that swarm in the evening in a winged state find therr home
here. The peculiar larva of the midge Polypedilum in its casc (which
is also its larder) decorated with living Vorticellid Protozoa, also lives
amidst the thickets of Ceratophyllum. A prolonged searck would
certainly reveal other interesting forms. A peculiarity of the weeds
of this region is the total absence of sponges and polyzoa.

The house-posts of our dwelling in the middle of the lake had an
interesting fauna, which it was possible to observe in almost ideal con-

" .ditions. The house had been erected only a few weeks before our visit,

but the surface of some of the posts on which it stood was almost com-
pletely covered with large colonies of Hislopia lacustris, the upper parts
of which were perishing as the water sank. Considerable numbers of
the molluse Zaia intha sat on-the posts, somefimes without moving
from day to day, and the two commonest species of Hydrobioides crawled
on them more actively, The curious fish Discognathus lamta also
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frequented them, clinging to them with its®peculiar lip, gradually swim-
ming up them, browsing on the way on Hislopia and algae.

e

GROUPS OF ANDALS REPRESENTED.
\s »

Considered as a whole, the fauna of the lake is remarkably rich in

fish and molluses, both of which are abundent in species and individuals
and include peculiar and apparently endemic forms. The Mollusca
exhibit extraordinary plasticity-and in several instances a very high
degree of specialization in shell-form. The fish are almost equally
remérkable. Included among them are several minute brlliantly
coloured species and also the cel Chaudhuria, which is very small but
not brilliantly coloured--a form so peculiar that a new family has had
to be founded for its reception. A characteristic feature of most of the
fish, doubtless correlated with the clearness of the water, is the large size
of their eyes and the poor development of tactile organs such as barbels.
The lower vertebrates, on the other hand, are poorly represented and
in no way rematkable or tighly specialized. Sponges are apparently
absent altogether from the Central Region, though one species (Ephy-
datia fluviatilis) is common in the Intermediate Zone, while the Polyzoa
are represented in the fauna only by the Ctenostomatous genus
Hislopia, a species (H. lacustris) of which is common all over the
lake. Notwitnstanding & careful search, we were unable to find
any Amphipod or Isopod ‘Crustacea. Only two species of Decapoda
penetrate as far as the Central Region, and the lower groups of
Crustacea are apparently scarce throughout the lake. In the Marginal
Zowe numerous species of aquatic iusects of the orders Odonata, Diptera,

_and’ Rhynchota occur, But beetles are scarce in all regions. In the

Central Region the larvae of certain Diptera, Trichoptera and Ephe-
meridae swarm, but the number of species is limited. Dr. F. F. Laidlaw
has kindly given me the following note on the Odonata in our collec-
tion :— A

“The most interesting species in the collection is perhaps a small
orange and black Ischneura, closely allied to I. rufostigma, Solys,_from
Bengal and Assam but quite distinet, and apparently new to science.
A number of examples of the beautiful Rhinocypha iridea, Selys, hitherto
recorded from Burma. form an addition to the Museum list of species ;
and R. biforata, Selys, is also represen‘trcd. 'Spc(:'imens of a specie§ of
Ceriagrion present some difficulties in identification, they are possibly
examples of my (. olivaceum recorded from the Abor country. The
collection of larval forms is large and includes specimens belonging to
species not represented amongst the adults ; amongst. others one t!lat
18 possibly the larva of a Disparoneura. The adults, with f:hc exception
noted, are mostly to be referred to common and widely spread,
species. Possibly the season of the year was unsuitable for tht} obtain-
Ing or some species, but on the whole the collection of adults is not so
rich as one would have expected from the variety of the larvae.”

Some of these dragon-flies breed in-the lake, notably the Ischneura,
while others (e.q., Rhinocypha spp.) are jungle forms only found in
thickets on the hills. These latter probably breed in small streams,
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. (AEOGRAPHICAL ‘RELATIONS OF THE Faunas

The lower invertebrates of the lake and its connected waters throw
little light on the geographical relations of the fauna, and the aquatic
insects (none of which, of. course, gre completely aquatic in a literal
‘sense) are still, with the exception ¢f the Rhynchota and the Odonata,
unknown. I ®ill deal with the Rhynchota separately. Among «the
strictly aquatic forms we need consider only the Decapod Crustacea,
the Mollusca and the fish. The facts about the geographical distri- .
butien of these groups will be found on pp- 33-38, pp. 81-82 and
pp. 145-148. of this volume. They may be summarized as follows :—

33 genera are vepresented, of which 2 (fish) are endemicein the
lake=ca. 6 per cent. .

2 other genera (molluses) are practically confined to the Shan
Plateau, giving a total of four endemic Shan genera=ca.
12 per cent.

67 species and races have been found, of which 30 have been found
only in the lake and connected ‘waters, giving a percentage
of ca. 45 per cent.

2 other species and two races are practically confined to the
Shan Plateau, giving a total of endemic Shan forms of 34
=nearly 51 per cent. i

The fauna is thus mainly a fauna eudepfic on the Shan Plateau,
with a very large percentage of peculiar lake forms probably not existing
outsigle the Inlé systerh. ‘The only other elements that can be detected
are (@) one consisting of widely distributed Qriental species, (b) one con-
sisting of Indian forms found on both sides of the Bay of Bengal, (c) a
very small Indo-Chinese element, represented by general affinities rather
than common species, and perhaps faint traces of (d) an_Eastern Palae-
arctic element. The true aquatic fauna of the Inlé system belongs,
therefore, to that of the Indo-Burmese afea, but represents a distinct
ofi-shoot thereof. It will probably be found, “hen the upper waters
of the Salween are investigated, that this ofishoot is well established
in the watershed of that river, in so far as it is not purely lacus-
trine. =

A word may be said here about the aquatic Rhynchota. No less
than 33 species, representing 20 genera, are known to occur the Inlé
system, and 13 (ca. 39 per cent.) are known only from that system.
The rest are species widely distributed in India or the Oriental Region
aencrally, with one Palaearctic species (Gerris paludum). No peculiar
Indo-Chinese forms are found, and no endemic genera. The only genus
not of very wide general distribution is Perittopus, which seems to be
Malayan in origin but occurs in Assam as well as in Java, Malaya and
enasserim. The number of endemic species is surprisingly large in
view of the wide range of many aquatic bugs. The facts known about,
the Inlé reprcsent-atives of this order, therefore, bear out what has
been said as to the true aquatic fauna in the preceding paragraph.
It is probable, however, that none of the Rhynchota are exclusively
lacustrine. -

.
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The aquatic and quasi-aquatic fauna of the Inlé district as a whole
was separated from the common fauna of the Oriental Region at a
remote but not extremely remote period. The fossil remains of the
district are not sufficiently well kndwn ta cast much light on the precise,
period at which this occurred. The local fauna develgped in circum-
stances that favoured plasticity but did nct render peculiar adaptations
to environment necessary. Primitive forms such as Chaudhurial were
able to survive side by side with highly modified forms such as Sawbwa,
Taia and Hydrobiowdes. In still, deep lakes, with transparent water
containing abundant salts of lime and other minerals, in a temperate
climats free from extremes of cold or heat, with a heavy but not
excessive rainfall, conditions were perhaps ideal for the rapid evolution
and the preservation of peculiar forms, modified superficially but not
changed in fundamental structure or adapted in direct correlation
with their mode of life.  On the one hand competition was less keen
than in strictly tropical surroundings and physical barriers interfered
with the immigiation of alien forms; on the other there was nothing
to check the momentum of eccentricity and small peculiarities were
intensified rather than eliminated. The communities of different
lakes developed slight racial or even specific peculiarities, but the
fanna as a whole remained uniform over a large area. With the

growth and deepening of the old lakes of the Shan Plateau this =,

process continued, but tlie day of the great lakes was 00n over.
The lakes appeared and grew deep, changed.their communications
from time to time, and finally shrank and for the most part dis-
appeare(l. owing to allifa_d causes—the dissolving action of water, the
re-deposition in solid form of the salts dissolved, and the formation of
peat and of finely divided insoluble matter. The insoluble debris of
the rocks eaten away by water acecumulated in the form of red soil
and masses of peat were heaped up as vegetable remains were trans-
formed into this substance, until most of the basins were filled. At
some places lakes dried up owing to their water eating through soluble
barriers of hard limestone, at others new lakes were formed by the
deposition of calcareous dams. The Inlé Lake, which was probably the
largest of the system, has survived, shrunken in area and shallowet,
but still a lake. In it the fauna of the old lakes has become as it were
concentrated. This fauna has lost the power to resume the normal
characters of a swamp-fauna, er perhaps in its isolated state there has
been no reason why it should do so ; it retains the peculiar features
acquired in conditions quite other than those in which it now lives.

! Mr. R. H. Whitehouse, basing his view on a study of the structure of the tail,
regards Chaudhuria as o highly specialized form.  See p. 66 of this volume. '

.
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A NEW SPECIES OF TAI4A FROM THE CHINDWIN
VALLEY; UPPER BURMA.,

e o
By N. ANNANDALE, D.Ss., F.A4.8.B., Direclor, :
Zoological Survey of India.

*The shell described here has no direct connection with the Inlé Lake
but it will, T think, be convenient to ipclude a description of it ik the
volume in which thergenus is discussed at length (seeepp. 122—125),
Th: original specimens reached me, through the Geological Survey of
India, from Mr. A. P. Morris some time after my account of the Inlé
molluses was in print. .

Taia incisa, sp. nov.
.

The shell is thick, moderately small and sharply conical; it was
evidently marked when fresh with two broad brown or purple spiral
bands, but the epidermis has entirely disappeared from all the speci-
mens examined and they have assumed a chalky whiteness. The

Photographs of type-specimen of L'a.a incisa, (<2
Red powdes s been dusted on the surface of the shell in order to show up the

5( \ll[lhll'v in the |)||utn;_rmph\,

suture is oblique and deeply impressed ; the whorls are swollen and
distinet, 51 in number. The spire 15 short and decreases rapidly tdwards
the apex; it is less than half the length of the body-whorl however
measured. The mouth of the shell is large, obligue and prominent,
oval or slightly ovoid in shape, with the outgr lip slightly expanded out
wards and forwards. The columellar callus iz expanded and thickened

®
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in the usual way, entirely concealing the umbilicus and in continuity
with the outer lip; it is deeply grooved and plicated longitudinally
and does not extend so far over the surface of the shell os in some species.
The characteristic longitudinal striae are well developed but rather
fine ; the spiral sculpture consists entirely of incised lines, which are
often slightly divertad where they are crossed by the stronger longi-
tudinal strize. On the apex of the shell, which is perhups worn in all
the specimens examined, the spiral lines are obscure, but they are dis-
tinet and numerous on the last three whorls. On each of these whorls
two or three of thera are particularly deep on the upper surface just
outs'de the suture, On the body-whorl the lines are obsolete or obso-
lescent on the central region buv exceptionally strong on the upper part
of the lowest third ; at the base of the whorl they are well-marked but
not so broad or so deep.

Measurement of shells (in millimefres).

Type.
Length iy AR 26 22
Breadth = =20 18 15
Length of aperture e 16 13 12
Breadth of aperture avelr Ll 95 85

Type specimen.—M. 57, Zool. Survey of India (Ind. Mus.).
Locality, etc.—A large number of dead shells were collected by
Mr. A. P. Morris in obsolete mud-voleanoes at Kin-U north of Shweho
in the Chindwin Valley. They seem to havé accumulated in the pool:
of the mud-volcanoes when the latter became inactive and are probably
subfossil. With them were found several shells of Vivpara wiridis
(Reeve) and Ampullaria winkleyi, Pilsbry and one of Bithynia goniom-
phalos (Morelet). ¢
The shell of 7. incisa <ifiors from that of all the species previously
assigned to the genus ifi having only 5} whorls and in its incise 1 spiral
scalpture, but has the characteristic columellar callus well developed,
It js perhaps related to Vivipara chalanguensis (Deshayes) from Cam.
shailia. A species of Taia, T. noetlingi (Kobelt), has already Leer
Tecorded from the Chindwin Valley. R
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EXPLANATION OF PLATE I.

Proroararus o PRESERVED SPECIMENS OF INLE FISH.

»

Fia. 1.—Type-specimens of Chaudhuria candata, gen, et sp. nov., % 2.

«+ 2.—Young specimen of Mastacembelus oatesi, Boulg., nat. size.

v 3—Adult specimen of M. caudiocellatus, Boulg., x}.
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FISH OF THE INLE LAKE.



Fie.

"

Fia.
Fia.
Fia.

e
7 17.—Jaws and teeth, x 2.,

EXPLANATION OF PLATE IV.

Chaudhuria caudata, écn.'et 8p. NOV. s
1.—Head and forequarters of type-specimen as seen from the left
side, X 9.

2.—The same from below, The right opereulum has been raised
slightly to show the base of the pectoral fin,

3.—Upnper jaw from below, X 15, e=ethmoid : m=maxillary :

v=vomer. "
4—Lower jaw from above, x 15.
5.—8lightly oblique anterior view of the atlas vertebra, x 25.
6.—Oblique lateral view (from the right side) of the second ver-
tebra, X 25. .
7.—Lateral view of a trunk vertebra, x 22-5.

-8 —Lateral ‘view of a caudal vertebra, x 44,

9.—Ripe egg viewed as a solid object. X 10.

10.—%he same viewed by transmitted light after staining with
borax carmine, clearing with oil of cloves and mounting

in Canada balsam.

Barilius auropurpureus, sp. nov.

‘11.—Enrly post-nlar\‘ral stage in which the tail is not yet forked

and the dorsal fin undifferentiated, X 6.
12.—A later stage, X b.
Microrasbora rubescens, gen. et sp. nov.
13 —Right pharyngeal bone, x 15.
. Microrashora erythromicron, sp. nov. o
14.—Left pharyngeal bone, x 25.
Sawbwa resp?enllens, gen. ef sp. nov,
15.—Right pharyngeal bone, x 15.
Ophiocephalus harcourt-butleri, sp. nov.

16.—Head and forequarters from below, x 1.
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EXPLANATION OF PLATE V.

FisaiNG AND ROWING ON THE INLE LAKE.

Fia. 1.—Boatman rowing in the Intha style with arm and leg. The
white marks on the sides of the boat represent lines of
broken Gastropod shells incorporated with the varnish
to give foot-hold. ‘

2.—Use of the weed:trawl amohg the floating islands near Nan-
Pan at the south end of the lake.

bE )

3.—Large fishing enclgsure made of dried Ceratophyllum oft Fort
Stedman.

”
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EXPLANATION OF PLATE VL

FisH-sPEARING ON THE INLE LAKE.

1.—DBoats with spears and bamboo frames to be let down over
fish in the:water.

2.—A single boatman spearing fish and zowing at the same time.
Note the plank hanging into the water from the hind part
of the hoat"to keep it steady while the boatman is other-
wise engaged.

3.—Stirring up the mud at the bottom of the lake with bamboo
poles as a preliminary to fish-spearing.

4.—Prongs of eel-spear, actual size.

5.—Prongs of ordinary fish-spear, x $.
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* EXPLANATION OF PLATE VII. :

INTHA FISH-TRAPS AND BASKETS. ’é
1.—Shillow bambao basket nsed in catching small fish and prawns .,[
: among floating plants at the edge of the Inlé Lake and * . Jl

elsewhere in the district, > §. e
2.—Rough bamboo basket filled with ;)eat., weeds and stonds and :
. sunk in the ctntral partof the lake to catch various kinds,
of fish, % L.
3—Trap for Barbus stelmanensis.  The two halves can be separ- 4
ated to take gut the fish, x §. {

4.—Trap with two compartments to cateh Ophiocephalus striatus
% 2

5.
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EXPLANATION OF PLATE VIIL

. 1.—Velia Y-alba. s;p. nov., enlarged.
9. — Microvelia burmanica. sp. nov., enlarged.
3.—Ouychotrechus lyra, sp. nov.. enlarged.

4. —Ventidius distanti, sp. nov., enlarged. '4
5. Enithares intha. sp. nov. Head and pronotum. enlarged. e
6.—Nychia infuscata, sp. nov., enlarged.

6a.— . ’ Dorsal view of head. enlarged.

7.—Plea quinguenotata. sp. nov.. enlarged

Ta— 5 ! (side view). enlarged.
8.—Plea areolata. sp. nov., enlarged.
8a.— ., ., Front view of head, enlarged. 2

9.—Corixa septemlireata, sp. nov. Head and pronotum, enlarged.

10.—Corica unicolor. sp. nov. Outline of head and pronotum,
enlarged.

11.— Micronecta substriata, sp. nov. Outline of head and pronotum,
enlarged. .

12.— Micronecta soror, sp. noy. Outline of head and pronotum,
enlarged.

18.— Micronecta fulva, sp. nov. Outline of head and pronotum.
enlarged. ;
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«  EXPLANATION OF PLATE IX.
Fig. 1.—Coriza septemlineata, sp. nov. Right elytron, enlarged. & '
»  2.—Coriza unicolor, sp. nov. Right elytron, enlarged.
s 3.—Micronecta substriata, sp.nov. Right elytron, enlarged. s W%
» 4—Micronecta soror, sp. nov. Riglit elytron, enlarged..
s B.—Micronecta filva, sp. nov. Right elytron, enlarged.
2.
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FIG;
Fia.

Fia.

R1a.

Fia.

Fra.
Fia.

EXPLANATION OF PLATE X.
Limnaea andersoniana, Nevill.

1.—Living shell from pond near Yawnghwe. Length 12 mm.
2.—Living shell from small stream at Fort Stedman. Length 9

mm.
Limnaea sp. (prox. ovalis, Gray).

o

3.—Tossil shell from lake deposit on He-Ho plain. Length 9 mm.

Limnaea bowelli, Preston.
4.—Living shell (type-specimen) from Tibet. Length 85 mm.

Limnaea shanensis, sp. nov.

5.—Fossil shell of phase A from lake deposit on He-Ho plain.
Length 9 mm.

. 6.—Subfossil skell, of phase B from edge of He-Ho stream.

Length 10 mm.
7.—Living shell of phase (' from the Inlé Lake. Length 10-25 mm.
8.—Fossil shell of phase D from bottom of Inlé Lake. Length 6-5
mm.

Limnaea mimetica, sp. nov.

Fias. 9, 9a.—Type specimen (living shell). Length 6 mm.

Fia.
Fia.

Succinea indica, Pfeiffer.

10.—Living shell from Inlé Lake. Length 14 mm.
11.—Subfossil shell from edge of He-Ho stream. Length 14 mm.

o

= A
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EXPLANATION OF PLATE XI. .

Planorbis exustus, Deshayes.

Fras. 1, 1a.—Young shell from Inlé Lake, highly magnified.

Fic.
Fic.

Fic.

Fic.
Fic.

Fic.
Fia.
Fia.
Fia.
Fic.

Fra.

Limnaea shanensis, sp. nov.

2.—Marginal teeth of radula, x554.

3.—Central and lateral teeth of radula, x554. '
Limnaea mimetica, sp. nov.

4.—Lateral and marginal tooth of radula, x554. ' o

Succinea indica, Pfeiffer.

5.—Lateral and marginal tooth of radula, x832.
6.—Upper jaw, x 50. o TR

Planorhis 'velitet. 8p. nov.

7.—Upper view of shell of typical form, x13. .
8.—Lower view of same shell, x13.

9.—Upper view of shell of the var. ciliata, x13.

10.—Front view of shell of typical form, x13.

11.—Lower view of mouth of another shell of the typical form, x 13.

? Planorbis saigonensis, (‘rosse and Fischer.

12.—Lower view of mouth of subfossil shell from edge of He-Ho
stream, x13.







EXPLANATION OF PLATE. XII.
- Direct photographs of shells of Melania and Ampullaria ; natural size.

Melania tuberculata, Miiller.
Fia. 1.—Living shell from Inlé Lake.
Fic. 2.—Large snbfossil shell from He-Ho plain.
Melania baccata (Gould.).

Fies. 3, 3a.—Type-specimen of the var. elongata from swamp on He-Ho
nlain. - :
Fics. 4, b.—Living shells of small phase from the Yawnghwe river.
Fias. 6, 7.—Subfossil shells from He-Ho plain.
Melania variabilis, var. |

Fic. 8.—Fossil shell from cave d(;posit at Hsin-Dawng.

Melania terebra, Benson.

F1a. 9.—~—Living shell from the Yawnghwe river.

Ampullaria winkleyi, Pilsbry.

Fia. lO.—Smqu shell showing periods of growth from the Yawnghwe
river. ;

-
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EXPLANATION OF PLATE XIII.
Shells of Hydrobioides nassa (Theobald) and H. physcus, sp. nov.

Hydrobioides nassa (Theobald).

Fies. 1, la.—Shells of the subspecies distoma from lake deposit on the
He-Ho plain, x 4. ¢
Fic. 2.—Subfossil shell of the same subspecies from the He-Ho plain,

x 4.

Fic. 3.—Living shell of the forma typica from a pond near Yawnghiwe,
x 4. ?

Fics. 4, 4a, 5, ba.—Shells of the subspecis lucustris from the Inlé
Lake, x 4.

Fics. 6, 6a.—Shells of the subspecies rivulicola from Thamakan, x 4.
FiG. 7.—Operculum of the subspecies lacustris (magnified).
Hydrobioides physcus, sp. nov.

Fics. 8, 8a.—Shell from the Inlé Lake. Length 7 mm.
Fig. 9.—Operculum of the same shell.
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L EXPLANATION OF PLATE XIV.
Shellss radular teeth, etc., of flydrob-ioides and Amnicola.

Hydrobioides avarix, sp. nov.

" Fras. 1, 2, 2a, 2b, 2¢.—Shells, opercula and radular teeth of specimens
~  from a small stream near Fort Stedman.

(Figs. 1, 2; 2a, 2b, xca@ 7} ; radular tecth highly magnified.)
Hydrobioides nana, sp. nov. J
Fic. 3.—Type-specimen from the Inlé Lake, x ca. 19.

Hydrobioides nassa (Theobald).
Fics. 4, 4a.—Radular teeth and male organ.

(F1a. 4 highly magnified ; fig. da 2 20.)
Hydrolioides physcus, sp. nov.
Figs. b, Ha.—Same structures. /"
(F1g. 5 highly magnified ; fig. 5a x 20.)
Amnicola alticola, sp. nov.

Figs. 6, 6a.—Shell and operculum ; the operculum as seen from within.
Length of shell 2:75 mm.
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EXPLANATION OF PLATE XV. , . ' J
~ Photographs of shells of the Shan species of T'aia : all natural size. t

Taia intha, sp. nov. : D,

Fic. l.—ShellLfLom near the edge of the Central Region of the Tnlé
ake. T

Fri. 2.—Shell vith the spines abnormally developed, from the middle
of the lake.

Fia. 3.—Type-specimen, from the middle of the lake.
Taia elitoralis, sp. nov.

Fic. 'l.—Unu‘Sualiy large and elongate male shell from the Intermediate
Zone of the Inlé Lake.

(Shell is covered by a colony of the Polyzoon Hislopia lacustris.)
Fie. 5.—Type-specimen (female shell) of the same species. '

faia analoga, sp. nov.

 Fics. 6, 7.—Type-specimens from peaty deposit on the He-Ho plain. .
Fic. 12.—Young shell of the same species from the same deposit.” =

]
_ Taia conica, sp. nov.
Fic. 8.—Co-type from the Hsin-Dawng cave deposits.
:, L]
Taia cylindrica, sp. nov.
Fia. 9.—Type-speciman from the same deposit.

Taia lacustris, sp. nov.

Fic. 10.—Type-specimen from the lacustrine deposit on the He-Ho
plain.
Fic. 11.—Young shell from superficial deposit on the same plain.
Taia intermedia, sp. nov.

Fic. 13.—Tyve-svecimen from superficial deposit on the He-Ho plains

Taia shanensis (Kobelt).

Fics. 14, 15.—Male and female shells from Marginal Zone of the [nlé
Lake.
Taia naticoides (Theobald).

Fics. 16, 17.—Shells of the Yawnghwe phase.

Taia theobaldi (Kobelt).
Fic. 18.—Subfossil shell from the soil at Kalaw. \,;
X 7&
Taia obesa, sp. nov.

Fie. 19.—Type-specimen from cave deposit at Hsin-Dawng,
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EXPLANATION OF PLATE XVI. .
Outline drawings illustrating the sculpture of shells of the Shan species
of Zaia. The line between the two views of each shell shows the -
actuai length. ’ :
L Taia theobaldi (Kobelt). X
. F1c. 1.—Living shell from the Yawnghwe plain. ol

: 3 'Taia obesa, ,sp. nov. ,
Fia. .2.-—Tj'pe-specimen .from Hsin-Dawng caves. .
!
Taia naticoides (Th obald).

Figs. 3, 4.—Shells of the Yawnghwe phase. )
1as. b, 6.—Shells of the He-Ho phase.

Taia.intermedia, sp. nov.
F1es. 7, 8, 9.—Shells from superficial deposits on the He-Ho plain.

Taia shanensis (Kobelt).
Frc. 10.—Shells from the Marginal Zone of the Inlé Lake.

1
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. EXPLANATION OF PLATE XVIi.

Outline drawings illustrating the sculpture of the shells of the Shan
species of Taia. The line between the two views of each shell
shows the actual length.

8 Taia lacustris, sp. nov.

Fie. 1.—Type-specimen from lacustrine deposit on the He-Ho plain.

Tdia cylindrica, sp. nov.

FlG —-Ty‘pe-specxmen Irom Hsin-Dawng cave deposits.
Tma analoga, sp. § ov.
Elc.s 3, 4.—Shells from peaty deposxts on the Hc-Ho plain. .

Taxa elitoralis, sp. nov.

Fics. b, 6.—Male and female shell from the Intermediate Zone of the
Inlé Lake.
Taia intha, sp. nov.

Fic. 7.—Typical shell from the middle of the Inlé Lake.

Taia conica, sp. nov.

Fic. 8.—Type-specimen from Hsin-Dawng cave deposits.
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X ; ¥ K < EXPLANATION OF PLATE XVIII.
Embryonic shells, e?;c.,.of Shan species of Taia.
. eap 1 Taia naticoides (Theob&l(.l).

Fic. 1.—Operculum, x f;.
®*  Fic. 2.—Radular teeth, x 62}.
Fic. 3.—Embryonic shell, x3.

- * Taia shanensis (Kobelt).

Fia. 4.—0per<.:ulum, x1%.
Fic. 5.—Embrypnic shell, x 3.
Fia. 6.—Radular teeth, x623.

: : .Taia lacustris, sp. nov. i
Fies. 7, 8.—Embryonic shells, % 3. ’
Fic. 9.—Young shell, x2. .o

P A = *Taia mtha, sp. nov.

Fic, 10.—Embryonic shell, x3.
Fia. 11.—Radular teeth, x621.
Fia. 12.—Operculum, x1}.

Taia elitoralis, sp. nov.

Fia. 13.—Operculum, x 1§.
Fic. s14.—Radular teeth, x 624.

. . UL Taia theobaldi (Kobelt).

Fic. 15.—Embryonic shell, 3.
Fi. 16—Radular teeth, x£623.
Fia. 17.—Operculum, x 14.
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EXPLANATION OF PLATE XIX.

Bivalve shells from the Inlé basin. All the figures except figs. 13 and
14 are slightly below the natural size. Figs. 13 and 14 are greatly
enlarged.

Physunio micropteroides, sp. nov.

Figs. 1-3.—Type series from the Yawnghwe river.

Physunio ferrugineus, sp. nov.

Fics. 4-9.—Series from the Central Region of the Inlé Lake, illustrating
' arowth of shell. 4
Figs. 10, 11.—O0ld shells from the same part of the lake.

{In old shells the posterior exposed part of the valves is always covered Ly a
rather dense growth of algae).

Corbicula noetlingi, v. Martens.

Fic. 12.—Shell from Yawnghwe river.

Pisidium casertanum (Poli).

Fic. 13.—Shell from the Central Region of the Inlé Lake. Length 3-5
mm.

Fic. 14—Shell from the edge of the He-Ho stream. Length 3-75 mm.
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EXPLANATION OF PLATE XXIII.

Fic. 1.—Side view of young larva showing the nervous system as seen
< in a Canada balsam preparation.

Fic. 2.—Heéad and thoracic region of a full grown larva showing the,

* nymphal trumpets, the imaginal wings, the halteres
and the three pairs of legs.

"Fie. 3.—Side view of the 'hes.d. .
Frc. 4.—Ventral view of the head. e
16, Q.—Left mandible seen from below. ‘

Fic. 6.—Right first maxilla seen from the ventral surface.

Figs. 7. Ta.—Types of hooks found on thoracicsfeet.

Fics. 8, 8a, 8b, 8c.—Types of hogks found on the abdominal feet.”
Fic. 9.—Alimentary Systém of the larva.

REFERENCES TO LETTERING.

A (1) —A (9). Abdominal segments, A. f. Abdominal feet. An, Antenne. B. G.
Blood gills. Br. Supra-wsophageal nerve ganglion (brain). ('a. Cardiac portion of the
stomach. Chk. Chamber at the beginning of the small intestine. Col. Colon. K. Eye.
F. Flaps on the <ides of the labium. H. Haltere. La. Labrum. Lb l.a!)ium.. Ig. (i),
Ig. (ii), 1g. (iii). Thoracic legs. Md, Mandibles, mer. (i). First maxilla.  N.7. Nymphall
respirafory ttumpets, @ Oesophagus. 8. Setw. 8.6, Salivary gland. 8. 1. Small
intestine. St Stomach. T (1)—T (3) i—iii thoracic segments. 7. f. Thoracic feet.
U, T. Urinary or.malpighian tubules.  W. Wings.

. ol
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SXPLANATION OF PLATE XXIV. el \
Potamon (Potamon) browneanum, sp. nov. 4 v ‘d‘ |
Figs. 1. 2.—Dorsal and frontal views of a male 52:3_mm. in breadth. s

>

+ Potamon (Potamon) acanthicur:, sp. nov. 4

Figs. 3. 4:—Dorsal and frontal views of a female 32-3 mm. in breadth.

Potamon (Potamon) curtobates, sp. nov. 3

-

Figs. 5. 6.—Dorsal and frontal views of a male 44-8 mm. in breadth.

N ——
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EXPLANATION OF PLATE XXV.

Palaemon naso, sp. nov.

Fig. 1.—Lateral view of an adult male, enlarged.

0

3

3

2,—Rostrum of another specimen.

3.—Second peraeopod. ;
4.—End of propodus and dactylus of third peracopod.

', D.—Apex of telsoi.

5
Fig.

»
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« Caridina annandalei, sp. nov.

6.—Carapace, rostrum, ete., in lateral view, enlarged.

7.—Antennule in dorsal view.

8.—Antennal scale.

.—First peraeopod. 4

10.—fecond peraeopod.

11.—Propodus and dactylus of third peracopod.
12.—Dactylus of third peracopod, further enlarged.
13.—Propodus and dactylus of fifth peracopod.
14.—Dactylus of fifth peraeopod, further enlarged.
15.—Fndopod of first pleopod of male.
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e EXPLANATION OF PLATE XXVI

VIEWS IN THE THREE ZoNEs oF Lire IN THE INLE LAKE.

Fig. 1.—Floating gardens in the Marginal Zone, showipg crops of spring
® bnions, tomatoes and cucumbers, the last on trellises.

Fic. 2°—View in the Intetmediate Zone, Showing floating islands in
their natural condition in the background and sub-aquatic
thickets of Ceratophyllum rising to The surface in the, fore-

. ground. o .
F1a. 3.—A fishing-hut built on piles in the Central Region and sur-
rounded by a floating breakwater anchored by means of

poles stuck through it into the bottom of the lake.
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2 F. H. Gravely. Photo.



t1)

2
3
4

5

« 6

-
'

br
de

egl

gp
v
Ny
od
ov

7’

. -

EXPLANATION OF PLATE XXVII.

‘1.—Plaxaria burmgensis, n. sp..in the preserved condition. x 6.
—Plararia annandalei, n. sp. in the preserved condition. x 5-5.
—Planaria bilineata, n, sp. in the preserved condition. x 5:5.

—Planaria burmaensis, n. sp. Miagrammatic representation of

the organization of an entire wozm, as seen from the
do=sal surface. <

.—The same. Diagram of sexual organs in sagittal section.

% 8.

—Planaria annandalei, n. sp., Diagram of sexual organs in

sagittal section. x 100,

—fhe same. Sagittal section thrtmgh receptaculum seminis,

containing fragments of spermatophore capsule. x 150,

(4
Ezplanatjon of lettering.

o D pob e Penis-gland.

Ductus ejaculatoring.  ph Pharynx.
Eye. ' e Penis-sheath,
Josinophil gland, s Receptaculum seminis (uterus)
Gut. sph ... Spermatophore,
(ienital pore. t Testis.
B Genital vestibulum. gl Unicellular uterine gland.
w...  Month. v Vagina.
Oviduct. vel Vas deferens. ‘
Ovar,. o Vitelline gland.
Penis. vs Vesicula seminalis,
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