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ON THREE SPECIES OF THE NEMATODE GENUS 

CUCULLANUS MUELLER 1777, AND A NOTE 

ON LAPPETASCARIS LUTJANI RASHEED, 

1965, FROM INDIAN MARINE FISHES 

By 

T. D. SOOTA and S. R. DEY SARKAR 

Zoological Survey of I ndiq, Oalcutta. 

( With 1 Text-figure) 

INTRODUCTION 

During January-February, 1976, a faunistic survey of some coastal 
areas of India was undertaken by the authors in the course of which 
some nematodes were collected from marine fishes. The present paper 

/' 

deals with three species of the genus Oucullanus Mueller, 1777 of this 
collection. One of the species is new and the other known two show 
interesting variations and form new host and locality records. 

The paper also includes some morphological variations observed in 
Lappetascaris lutjani R~sheed, 1965, the material of which was collected 
by Dr. M. Hafeezullah in November, 1975. This species was first 
reported from Karachi, Paki&tan, but is now recorded from Tamil 
Nadu. 

All measurements are in millimeters. 

SYSTEMATIC ACCOUNT 

Family CUCULLANIDAE Cobbold, 1864 

Genus Cucullanus Mueller, 1777 

Cucullanus rivulatus sp. nov. 

( Text-fig. 1, A-C) 

MateriaZ: Holotype 0 ; Z. S. 1. Reg. No. WN 203/1; host
Lutjanu8 rivuZatu8; location-intestine; locality-Madras; 3. ii. 1976 ; 
collector-T. D. Soota. Paratypes-one is & 2 ~ ~ ; Z. s. I. Reg. No. 
WN ~04/1 ; other partic~lar~ as for holotype. Other material : o~e 0 

'- ,. ..' 
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z. S. I. Reg. No. WN 205/1 ; host-Pomadasys sp. ; location-intestine; 
locality-Madras; 2. ii. 1976; collector-T. D. Soota. 

Description :M ale: Body 4.5-7.5 long, 0.55-0.7 wide; oesophagus 
0.75-1·16 long ; tail pointed, 0.2 .. 0.22 long; spicules similar and equal, 
0.7-0.9 long; gubernaculum V .. shaped, 0.05-0.1 long; caudal papillae 8 
pairs, 3 precloacal, one adcloacal and 4 postcloacal ; caudal muscles well 
developed. 

" 
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Text-fig.!. (A-C) O'llcullanus rivulatus sp. nov I, A. a anterior end, B. d' posterior' 
end (Holotype), c. ~ posterior. end (Paratype); D. Oucullanus alii (Ka!yankar), 
~ posterior end. 

Female; Body 6.7-7.8 long, 0.77-0.88 wide; oesophagus 1.2-1.4 
19n9 ; tail pointed, O.16-0.2i lon~; vulva 3.08-3.25 from posterior end, 
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eggs 0.066 X 0.044; a pair of phasmids present, 0.05-0.08 from posterior 
end. 

Remark8: Ali (1956) established the genus Indocucullanus with I. 
jaiswali as its type species for his specimens from a freshwater fish, 
Barbus sarana [=Puntius sarana] from Hyderabad. Subsequently another 
species I. arabiansae was added by Ali and Kalyankar (1966) based on a 
male specimen from a marine cat fish, Tachysurus maculatus from Bombay, 
thus extending the host range of the genus to marine fish. Kalyankar 
(1971) while giving the description of female of this species also added to 
the genus three more species viz., I. jalnaensis, I. alii, and I. malvanae 
respectively from Labeo rokita, Sciaena qlaucus [ = J ohnius qlaucus] and 
Tachysurus maculatus, all from Maharashtra. Khan (1969) added another 
species I. longi8piculum from Sciaena diacantkus [= Protonibea d1:acanthus] 
from Karachi, Pakistan. But Petter. (1974) synonymised Inaocucullanus 
with Oucullanus. Gupta and Srivastava (1975) described in abstract, 
and Srivastava and Gupta (1976) in detail two more species viz., I. 
puriensis and I. ariusi from Arius venosus [=Tachysurus venosus] and 
Arius platystomus [= Tachysurus platystomus] respectively from Puri, 
Orissa. Arya and Johnson (1975) added I. querreroi, Gupta and Garg 
(1976) I. wertheimae, Bilqees, Fatima and Rehana (1977) I. longispiculum 
diacantki, and Gupta and Gupta (1979) I. sciaenai. 

The present species comes closer to Oucullanus jalnaensis (Kalyan
kar, 1971), which was based on a single male, in the absence of cephalic 
alae and in the number of caudal papillae but differs in body size being 
4.5-7.5 (13.03 in O. jalnaensis), in having equal spicules 0.7-0.9 (subequal, 
0.55 & 0.5 in O. jalnaensis) and in the arrangenlent of caudall?apillae 
being 3 precloacal, one adcloacal and 4 postcloacal (3 precloacal, 2 adcloa
cal and 4 postcloacal in O. jalnaensis). 

Cucullanus alii (Kalyankar, 1971) Pette r, 1974 

(Text-fig. 1, D) 

Material: One 0; Z. S. I. Reg. No. WN 206/1 ; host -Lutjanus 
jokni ; location-intestine ; locality-Pondicherry ; 4. xii. 1975 ; collector 
-M. HaJeezullah. One 0 and one ~ ; z. S. I. Reg. No. WN 207/1 ; 
host -Sillago siha·ma; location-intestine; locality-Mangalore; 3. i. 
1976; collector -T. D. Boota; 2 0 0 ; Z. S. I. Reg. No. WN 208/1 ; 
host -Protonibea diacanthus; location-intestine; locality-Calicut; 
16. i. 1976; collector-To D. Boota. 3 0 0' & 4 ~ ~ ; Z. S. I. Reg. 
No. WN 209/1; host -Oaranx sp.; location-intestine; locality
Madras; 1. ii. 1976 ; collector-To D. Soota. 5 C 0 & 22 ~ ~ ; Z. S. I. 
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Reg. No. WN 210/1; host -Protonibea diacanthus ; location-intestine; 
locality-Madras; 3. ii. 1976 ; collector -T. D. Soota. 

Description: Male: Body 2.4 .. 6.0 long, 0.22-0.38 wide; oesophagus 
0.6-0.7 long; tail pointed, 0.1-0.2 long; spicules equal, 0.8-0.9 long.; 
gubernaculum V-shaped, 0.05-0.1 long; caudal papillae 10-12 pairs, 5-6 
precloacal, one adcloacal, and 4-5 postcloacal; caudal muscles well 
developed, though not reported by Kalyankar (op. cit.). 

Female: Body 3.2-4.8 long, 0.36-0.38 wide; oesophagus 0.6-0.7 
long; tail pointed, 0.16-0.22 long; phasmids conspicuous and 0.1 from 
posterior end; vulva 1.8-2.2 from posterior end; eggs round, 0.022 X 

0.022 ; a ventral papilla present in most of the fem~les 1.2-1.5 from 
posterior end, though not reported by Kalyankar (op. cit.). 

Remarks: The present specimens show some differences from 
Kalyankar's description of the species which was based on a male and a 
female, in a few characters viz., body size, number of caudal papillae and 
in having equal spicules, but these variations can be taken as intraspecific. 
However, the presence of a ventral papilla in preanal region of females 
in indeed significant. Its true nature is not well understood but it may 
have a sensory function. 

The species is recorded here from new hosts and new localities. 

Cucullanus arabiansae (Ali and Kalyankar, 1966) Petter, 1974 

Material: One 0 ; Z. S. I. Reg. No. WN 211/1 ; host-Tachysurus 
sp.; location-intestine; locality-Mangalore; 3. i. 1976; collector
T. D. Soota. 

Description: Male: Body 5.4 long, 0.24 wide; oesophagus 0.9 long ; 
tail conical, 0.2 long.; spicules equal, 0.13 long ; gubernaculum 0.9 long; 
caudal papillae 9 pairs discernible, 3 precloacal, one adcloacal and 5 
postcloacal. 

Remarks: The present specimen is the smallest example so far 
recorded for the species and shows variations 'in body size, size of 
spicules, and number and arrangement of caudal papillae but these are 
considered here as intraspecific. The species is recorded here for the 
first time from a new host and a new locality. 

Family ANISAKIDAE (Railliet and Henry, 1912) 

Genus Lappetascaris Rasheed, 1965 

Lappetascaris lutjani Rasheed, 1965 

Material: 2 0 d' ; z. S. 1. Reg. No. WN 212/1 ; host-llisha feli-
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gera; location-intestine; locality-Karaikal; 28. xi. 1975 ; collector
]!,f. H aJeezullah. 

Description: Male: Body 32.5 long, 0.66 maximum wide; oesopha
gus 2.7-2.75 long; tail 0.09-0.11 long ; spicules with bifid tips, 2.7-2.75 
long; caudal papillae 20 pairs discernible, 17 precloacal, 3 postcloacal. 

Remarks: The present specimens show some differences from 
Rasheed's description of the species viz., in body size, and in number 
and arrange~ent of caudal papillae, but these are considered here as 
intraspecific variations. The genus and species are now recorded here 
,for the first time from Tamil Nadu and also from a new specific host. 

SUMMARY 

The paper deals with three species of the nematode genus Oucullanus 
of which one is new and two already known. These latter show 
interesting variations and also form new host and locality records. 
Lappetascaris lutjani Rasheed, 1965, is also recorded here from a new 
host and from a new locality. 

ACKNOWLEDGEMENT 

We are thankful to Dr. S. Khera, Joint Director-in-charge, Zoological 
Survey of India, Calcutta, for his kind encouragement in the preparation 
of this paper. 

REFERENCES 

ALI, S. M., 1956. Studies on the nematode parasites of fishes and 
birds in Hyderabad State. Indian J. Helminth., 8 (1) : 1-83. 

ALI, S. M. and S. D. KALYANKAR, 1966. Indocucullanus arabiansae n. sp. 
from the intestine of Tachysuru8 maculatus (cat-fish) in India. 
Indian J. Helminth., 18 seminar suppl. : 74-76. 

AR,YA, S. N. and S. JOHNSON, 1975. A new cucullanid nematode from the 
fish Oybium quttatum from Indian waters (Spiruroidea, Cucullani
dea). Mem. Soc~ Oi'en. Natur. La Salle, 35 (102) : 291-295. 

yUPTA, S. P. and A. B. SRIVASTAVA, 1975. Studies on two species of 
the genus I ndocucullanus, from Pentkota, Puri, Orissa. P1'oc. 62nd 
Indian Sci. Oongr., Abstract, III : 217. 

GUPTA, S. P. and GUPl'A, R. C. 1979. On some nematode parasites of 
marine fishes. Indian J. Helminth., 29 (1977) :104-112. 

KALYANKAR, S. D., 1971. Studies on a known and some new nematode 
parasites of fishes from India. Marath. Univ. J t , 10 (3) : 89 .. 107. 



6 Records of tke Zoological Survey of India 

KHAN, D. 1969. A new species of Indocucullanus Ali, 1957 from 
Pakistan. Pakistan J. Z~ol., 1 (1) : 77-79. 

PETTER, A. J. 1974. Essai de classification de la famille des cuculla
nidae. Bull. Mus. natn. Hist. Nat. Paris, 177 (255) : 1469-1491. 

RASHEED, S. 1965. On a remarkabJe new nematode, Lappetascaris lutjani 
gen. et sp. nov. (Anisakidae: Ascaridoidea) from marine fishes of 
Karachi and an account of Thynnascaris inquies (Linton 1901) n. 
comb. and Goezia intermedia n. sp. J. H eZminth., 39(4) : 313-342. 

SRIVASTAVA, A. B.and S. P. GUPTA, 1976. Nematode parasites of fishes. 
2. On two species of the genus Indocucullanus Ali, 1956. Jap. J. 
Zool., 26 (1) : 46-48. 



·Ree. zooZ. Surv. India, 76: 7-63, 1980. 

THE BATS OF RAJASTHAN : TAXONOMY AND 

ZOOGEOGRAPHY 

By 

Y p. SINHA 

Desert Regiona.l Station 

Zoological Survey of India, Jodhpur 

(With 22 Text-figures) 

INTRODUCTION 

Some information on the taxonolny of the bats of Rajasthan (western 
India, Text Fig. 15) has been given by Wroughton (1918), Ellerman and 
Morrison-Scott (1951), Prakash (1963a, b, 1973), Agrawal (1967), Biswas 
and Ghosh (1968), Sinha (1973, 1975, 1976, 1977) and Agrawal and 
Sinha (1973), but this huge area (area -342, 274 sq. km.), which includes 
the bulk of the Great Indian Desert, has never been studied in detail. 

In the present account, the taxonomy of bats of the 21 species occurr
ing in Rajasthan is dealt with in detail, with descriptions and illustra
tions ; their zoogeography is also discussed. In a few cases, examples 
from Rajasthan were not available, but the species is included on the 
basis of other authentic records. For comparison, material from other 
parts of India and the neighbouring countries was also examined, as 
indicated under each species. Three species are new records from Rajas-

. than, and the range of several other species has been considerably exten
ded. Keys are provided for easy identification. All measurements are 
taken in millimetres. 
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KEY TO THE BATS OF RAJASTHAN 

1 (6) Second finger with claw. 
2 3) Size large (wing spread above 650 mm.) ; 

tail invisible. , ., ptero:pus giganteus giganteus 
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8 (2) Size small (wing spread below 600 mm.); 
tail visible. 

4: (5) Five teeth in upper molar series, six in lower. 
5 (4) Four teeth in upper molar series, five in 

lower. 

6 (1) Second finger without claw. 
7 (8) Tail not visible. 
8 (7) Tail visible 

9 (22) Tail either partly free from interfemoral 
membrane or perforating it. 

10 (17) Tail partly free from interfemoral membrane 
11 (14) Upper lip heavily wrinkled; antitragus 

present, small. 

12 (18) Ears separated on the muzzle ; palatal 
branch of premaxillae absent. 

13 (12) Ears joined on muzzle; palatal branch of 

Rousettus leschenauUi 

Oynopterus sphinz sphinz 

Megaderma lyra lyra 

Tadarida aegyptiaca tho'mari 

premaxillae present. Tadarida :plicata :plicata 
14 (11) Upper lip not wrinkled; antitragus absent. 
15 (16) Tail shorter than forearm. . .. Rhinopoma micro:phyllum kinneari, 
16 (15) Tail longer than forearm. . .. Rhinopoma hardwickei hardwickei 
17 (10) Tail perforating interfemoral membrane. 
18 (21) Forearm short, length below 66 mm ; skull 

short, length below 22 mm. 
19 (20) Gular sac rudimentary in male and absent 

in female. 
20 (19) Gular sac prominent in male, rudimentary 

Taphozous per/oratus perJoratus 

in female. ••••.. Taphozous longil1tanUs Zongimanus 

21 (18) Forearln long, length above 66 mm ; skull 
long, above 22 mm. Taphozous kachhensis kachhensis 

22 (9) Tail entirely covered by interfemoral 
membrane. 

23 (26) Noseleaf present; tragus absent. 
24 (25) Posterior noseleaf divided into transverse 

hollows; first toe with three joints; remain
ing toes with only two. 

25 (24) Posterior noseleaf divided into longitudinal 
RhinoZophus lepidus lepidus 

Hipporideros Julvus pallidus 
26 (23) 
27 (28) 
28 (27) 

29 (38) 

hollows ; all toes with two joints. 
Noseleaf absent; tragus present. 
Ears long and joined. . . . Barbastella ZeucomeZas darjelingensis 

30 (3l) 

Ears short and separate. 
Size large (wing spread 270-370 mm.) ; 

forearm length 45-64 mm. 
Upper cheekteeth (premolars + molars) six on 
each side. 

31 (30) Upper cheekteeth (premolars + molars) less 
than six on each side. 

32 (35) Upper incisors 2-2. 
33 (34) Outer upper incisor large, crowded inward 

'between inner incisor and canine. .~. 

Myotis bZllthi 

Hes:peropte1~us tiekeZZ,. 
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B4 (88) Outer upper incisor small, lying on outer side 
of inner incisor and separated from canine. 

.85 (8~) Upper incisor I-I. 
Eptesicus serotinus ~achyomus 

86 (87) Forearm length 55-64 lnll. 

87 (86) Forearm length 45-52 mm. 
88 (29) Size small . (wing spread 140-240 mm.); 

forearm length 26-37 mm. 
89 (40) Forearm length 26 -31 mm. 

4:0 89) Forearm length 34 -37 mm. 

TAXONOMY OF RAJASTHAN BATS 

Suborder I. MEGACHIROPTERA 

Family I. PTEROPODlDAE 

• (Text-fig. 1) 

Genus (1) Pteropns Brisson 

Scotophilus heathi heat hi 

Scoto~hilus kuhlii kuhlii 

Pipistrellus mimus mimus 

Pipistrellus dormer';' 

1. Pteropos giganteos (Brunnich) 

(Indian Flying Fox) 

V68pert1Zio giga'htea Briinnich, 1782, Dyrenes Rist. 1, : 45. Type-Ioc. : Bengal. 

Diagnosis of species: Size large (wing spread 660-890 mm.), the 
largest bat in Rajasthan; noseleaf absent; base of ear completely ringed; 
tragus and antitragus absent; inner margin of nostril projecting; index 
n~ger with claw ; tail invisible; inter femoral membrane not extensive ; 
ctlcar present; hind neck, shoulders and underside of body generally 
paler than back. Skull large (total length 61-79 mm.); postorbital 
process long; premaxillary without palatal branch; parietal and occipital 
crests prominent ; palate continued behind last molar ; basisphenoid not 
excavated; crown of molar marked with longitudinal furrow. 

· 2 1 3 2 Dental formula: ~ '2' c I' pm 3' m 3. =34 

First upper premolars sometimes absent. 

Distribution of species: Almost the whole of INDIA ; also SRI LANKA 
ad BURMA. 

Systematic note: Two subspecies are recognized, as follows, of which 
P .. g. giganteus occurs in Rajasthan: 

P. g. giganteus (Brunnich). -As in species (except Nepal, Assam, 
Manipur and Tripura). 

-p. g. leucocephalu8 Hodgson. -Nepal, Assam, Manipur and Tripura. 

i 
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Text-fig. I.-Family Pteropodidae: Pteropus giganteus giganteu8 (Briinnioh), ~. 

Rajasthan (Jodhpur). External body: (A) Dorsal view. (B) Ventral view. 

Pteropus giganteus giganteus (Brtinnich) 

(Text-figs. 1 &. 2 A, B, C, D) 
Vespertilio gigantea Brun., 1782, as above. 
Ptetopus g. giganteus (Brun.) : Ellerman and :rtforrison-Scott, 1951, p. 97. 

Material examined: Rajasthan: Jodhpur Dist. : Balsamand, 3 cr & ; 
Dungarpur Dist.: Dungarpur, 4 ~ 0, 3 ~ ~; Banswal'a Dist.: 
Ban swara , 2 6' 0, 4 ~ ~ ; Udaipur Dist.: Parsad, 2 0 0 ; Sirohi 
Dist. : Mt. Abu, 04 0 0 ; °pali Dist. : Berah, 12 km. S. W. of Jawai dam, 
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4 0 0 ; Jhunjhunu Dist. : Naga village, 3 ~ ~ ; Ajmer Dist. : Nasirabad, 
1 0 ; Jhalawar Dist.: Jhalawar, 1 ~. other than Rajasthan: INDIA : 

Himachal Pradesh: Kangra, 1 (j, 1 ~ Madhya Pradesh: Guna, 1 0 ; 
Bhind, 2 0 0 ; Malwa (Agar), 1 c ; Gwalior (Morar), 2 0 0 ; Balaghat 

Text-fig. 2. (A-D):Ptero,Pus giganteus giganteus (Briinnich), ~. Rajasthan (Jodhpur). 
Skull: (A) Dorsal view. (B) Ventral view. (0) Lateral view. (D) Lower jaw, 
in leteral view; {E-H} Rousettus leschenaulti (Desmarest), 0 Rajasthan. 
(Jhalawar). Skull: (E) Dorsal view. (F) Ventral view. (G) Lateral view. 
\H) Lower jaw, in lateral view; (I-L) Oynopterus sphinx s:phin~ (Vahl), i!. 
Ra~asthan (Bundi). Skull : (1) Dorsal view. (J) Ventral view. (K) Later~l 

vjew. (L) Lower ~aw, in later~l v~e\y ~ 
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1 ~. Gujarat: Himatnagar, 1 ~ ; Rajkot, 1 c. Maharashtra: Satara, 
1 ~ ; Chanda, 1 c. Goa: 1 (unsexed). Karnataka: DharWar, 1 0, 
1 ~ ; Kolar, 1.~. Kerala: Trivandrum Fort 1 ~. Uttar Prddesh: 
Kumaun, 1 c; Lucknow, 1 0 ; Varanasi, 1 c. Andhra Pradesh: 
Cuddapah, 1 0, 1 ~. Tamil Nadu: Salem, 1 0, 1 ~. Bihar; 
Darbhanga, 1 d', 1 ~; Bongaon, 1 C, 7 ~ ~; Amarpura 1 0 ; 
Chaibassa, 1 ~. Orissa: Chilka Lake, 1 C, 4 ~ ~ • West. Bengal : 
Burdwan, 2 ~ ~ ; Duars 1 c ; Siliguri, 1 d'. SRI LANKA : 1 o. BURMA : 
Toungoo, 1 ~ ;Pegu, 1 ~. 

Diagnosis of subspecies: Differs from p. g. leucocephalus only in 
having shorter fur on back. 

Remarks: In 26 skulls from Rajasthan and other parts of India, nine 
have no first upper premolars, three have the tooth only on one side, 
and in the remainder it is ,present on both sides. 

Length: Head and body 215-290; forearm 147-180; ear 35-47 ; 
wing spread 660-890 ; tibia 66-89 ; foot and claw 45-56. 

Skull: Total length 61-79; zygomati~ width 30.5-43.5 width of 
braincase 23.1-26.5 ; Maxillary width (m1-m1) 17.5-21 ; Length of upper 
tooth row (c-m 2 ) 23.2-29.2; Length of lower tooth row (c-ms) 27-34 ; 
length of mandible 47-60.5. 

Distribution' of subspecies (Text. Figs. 16 & 20A): RAJASTHAN: 
Districts of Jodhpur, Pali, Sirohi, Dungarpur, Banswara, Udaipur, 
Jhunjhunu, Ajmer and Jhalawar. Besides Jodhpur, all other records are 
new (See also Sinha, 1975). Elsewhere: As above. 

Genus (2) Rousettus Gray 

2. Rousettos leschenaulti (Desmarest) 

(Indian Fulvus Fruit Bat) 

(Text-figs. 2E, F, G, H) 

Pteropus leschenaulti Desmarest, 1820, Encycl. Metk. Ma'tn'malia 1 : 110. Type-Ioc.: 
Pondicherry, India. 

Rousettus leschenaulti (Desln.), Ellerman and l\Iorrison-Scott, 1951, p. 93 ; Sinha, 1969, 
p. 764. (syn. Xantha'1·:pia.seminuda Gray). 

Material examined: Rajasthan: Jhalawar Dist.: Gagaton Ka Kila, 
Jhalawar, 13 0 C, 22 ~ ~. Other than Rajasthan: INDIA: Maharashtra: 
Satara,5 0 0, 9 ~ ~. Kerala: Trivandrum, 1 C, 1 ~. Uttar Pradesh: 
Kumauri., 6 0 o. 1 ~, 1 (unsexed). Tamil Nadu: Zakampatti, 1 ~. 
Orissa ; Khanda~iri, 1 (unsexed). Bihar: Ch~ibassa~ 1 ~. Meghalaya ; 
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Siju cave, 3 is is , 1 ~. NEPAL: Gorkha, 1 O. SRI LANKA: Kandy, 1 c. 
8 ~ ~. BURMA : Pegu, 1 ~ ; Pegan, 1 ~, 2 ~ ~ 

Diagnosis of species; Much smaller than Pteropus giganteus (wing 
spread 480-560 mm.); noseleaf absent; base of ear completely ringed; 
tragus and antitragus absent; inner margin of nostril projecting; index 
finger with claw; tail very small, 10-17 mm. long; interfemoral mem
brane not extensive; calcar present; coloration of upper side varies from. 
yellowish brown to dark brown and that of the underside wood brown. 
Skull medium-sized (total length 37-40 mm.); postorbital process long; 
premaxillae without palatal'branch; parietal and occipital crests poorly 
developed ; palate continued behind last molar; basisphenoid not 
excavated; crown of molar marked with longitudinal furrow. Dental 

formula: i~, ci, pm~, m~=34. First upper premolars sometimes absent. 

Length: Head and body 108-135 ; forearm 71-93 ; car 18-22; wing 
spread 480-560 ; tibia 29-43 ; foot and claw 18-22. 

Skull: I Total length 37-40.8; zygomatic width 21-24.4; width of 
braincase 15-16.5 ; Maxilliary width (m1-m1) 10.5-12; length of upper 
tooth row (c-m 2 ) 13-15.5 ; length of lower tooth row (c-ms) 14.5-17. 

Distribution of species (Text-figs. 16 & 20B): RAJASTHAN: Previously 
recorded from Nasirabad (Ajmer DistriCt) by Wroughton (1918). The 
present record is from Jhalawar, Rajasthan (See also Sinha, in press). 
Elsewhere: Almost the whole of INDIA; also NEPAL, SRI LANKA, BURMA, 
THAILAND, VIET,NAM, Southern CHINA and JAVA. 

Genus (3) Cynopterus Cuvier 

3. Cynopterus sphinx (Vah!) 
, 

(Short-nosed Fruit Bat) 

Vespertilio sphin~ Vahl, 1797, Skr. nat. selsk. Copenhagen, 4 (1) : 123. Type-Ioc.: 
Tranquebar, S. India. 

Diagnosis of species: Smaller than Rousettus leschenaulti (wing spread, 
450·480 mm.); noseleaf absent; ear base completely ringed with 
outer margin white; tragus and antitragus absent; inner margin of 
nostril projecting ; index finger with claw; tail very small, 13-18 mm. 
long; interfemoral membrane not extensive; calcar present. Coloration 
varies from light brown to dark brown. Skull smaller than in R. 
leschenaulti (total length 31-34.5 mm. ) ; postorbital process long; pre
maxillae without palatal branch; parietal crest poorly developed; 



14 Records oj the Zoological Survey of India 

occipital crest well developed; palate continued behind last molar; 
basisphenoid not excavated; crown of molar marked with longitudinal 
furrow. Dental formula: 

. 2 1 3 1 30 
~, 2' c I' pm 3' m 2= 

Distribution oj species : Hainan, almost the whole of INDIA ; SRI LANKA, 
BURMA, VIETNAM, THAILAND, Sumatra, Java, BalL Lombok and Timor. 

Systematic note: On the basis of forearm length, Andersen (1912) 
recognises three subspecies, viz., O. 8. sphinx (Vahl) (66-73.5 mm.), O. 8. 

gangeticu8 Andersen (73-78 mm.) and O. 8. titthaecheilu8 Andersen 
(74.5-83 mm.). Agrawal (1972) finds' no difference between o. s. sphinx 
and O. s. gangeticus, and I agree with him. Besides the above' subspecies; 
Hill and Thonglongya (1972) make angulatus Miller a subspecies of 
O. sphinx and Paradiso (1971) describes a new subspecies, O. s. serasani. 
O. s. major Miller is probably also a subspecies (Chasen, 1940). 

Thus, five subspecies are recognised, as follows, of which O. s. spkin:e 
occurs in Rajasthan. 

O. s. sph-inx (Vahl).-As in species (except Sumatra, Java, Lombok 
and Timor). 

O. s. titthaecke~lu8 Andersen.-Java, Lombok and Timor. 

O. 8. angulatus Miller.-Thailand, Malaya and Sumatra. 

O. 8. serasani Paradiso.-Serasan (South Natuna) Island, Indonesia. 

O. 8. major Miller.-Nias Island, off Sumatra. 

Cynopterns sphinx sphinx (Vahl) 

(Text-figs. 2 I, J, K, L) 

Vespertilio sphinx Vahl, 1797, as above. 
Oynopterus sphinx sphinx (Vahl), Ellerman and l\iorrison-Scott 1951, p. 98 ; Agrawal, 

1972, p. 265 (syn. Oynopterus sphinx gangeticus Andersen). 

Material examined : Rajasthan: Banswara Dist; Banswara, 1 ~, 
3 ~ ~ Bundi Dist.: Bundi, 4 0 0 ,1 ~. Other than Rajasthan: INDIA: 
W. Bengal: Madanpur, 13 d' 0, 8 ~ ~ ; Calcutta, 3 0 0, 5 ~ ~ ; 
Darjeeling, 1 0, 1 ~ ; Duars, 1 O. Andaman Islands: Port Blair, 1 ~, 
1 ~. Uttar Pradesh : Lucknow, 7 0 0, 9 ~ ~. Bihar: Gaya, 1 ~; Dar
bhanga, 1 ~. Meghalaya: Cheerapunji, 1 ~ ; Garo Hills, 1 (unsexed). 
Nagaland : Naga Hills, 1 O. Karnataka: Kanara, 1 0, 1 ~. Kerala ; 
Trivandrum, 1 ~ ; Cochin, 2 0 0 Tamil Nadu : High wavy mountains, 
Madurai, 1 0, 1 ~ ~ Andhra Pradesh : Palkonda Hills 1 ~ ; Malakon
dapenta, 1 ~. Gujarat: Danta, 1 O. Maharastra: Nagpur, 2 ~ ~ , 
1 ~, S~l LAN~A; Orugala, 1 ~ ~ Natichi~ama~ 1 ~ ? Tammammews,? 
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1 0; Anapura, 1 o. BURMA: Lower Chindwin, 1 ~ ; Tenasserim, 
3 ~ ~ ; Mergui Archipelago; 2 0 0 ,3 ~ ~ ; Toungoo, 2 0 0 ; Pagan, 
2 ~ ~ ; Bhamo, 1 ~. 

Diagnosis of subspecies: This subspecies differs from O. 8. titthaechei
lus only in being slightly smaller size. 

Length: Head and body 89-109; forearm 64-77 ; ear 19-23; wing 
spread 450-480 ; tibi~ 24-32.2 ; foot with claw 15-20.3. 

Skull: Total length 30.6-36.1 ; zygomatic width 18.8-22.6 ; width of 
braincase 13°1-14.7 ; maxillary width (m-m) 9·2-10·6; Length of upper 
tooth row (c-m l ) 10·Z-12·3 ; length of lower tooth row (c-ma) 11·1-13·4; 
length of mandible 22.8-26°7. 

Distribution of subspecies (Text-figs. 16 & 20C): RAJASTHAN (New 
records; See also Sinha in press) : Districts of Banswara and Bundi. 
Elsewhere : As above. 

Suborder 2. MICROCHIRO:rrERA 

Family II. RHINOPOMATlDAB 

( Text-fig. 3) 

Genus (3) Rbinopoma Geoffroy 

4. Rbinopoma microphyllum (Brunnich) 

(Larger Rat-tailed Bat) 

Vespertilio '1nicrophyllum Briinnich, 1782, Dyrenes Rist., 1 : 50, pI. 6, figs. 1-4. Type
loco : Ambia and Egypt. 

Diagnosis of species: Size medium (wing spread 210-285 mm.) ; head 
with deep central c-avity; noseleaf absent but muzzle with a distinct 
ridge like dermal growth; ears united; tragus long, sickleshaped; tail 
slender, partly free from interfemoral membrane and smaller than 
forearm; second finger without claw, and with two bony phalanges. 
Skull without postorbital process; ptemaxillaries bony, separate, not 
fusing with surrounding parts; parietal and occipital crests prominent; 
lachrymal region with prominent ridge. Palate not continued behind 
last molar; basisphenoid not excavated; crown of molar marked with 
transverse furrows. 

. 1 1 1 3 
Dental formula: ~ 2' c I' pm 2' m 3 = 28 

Distribution of species: North-west and Central INDIA; PAKI~TAN, 
AFGHANISTAN, IRAN, ARABIA, PALESTINE and EGYPT ;' and also Sumatra. 
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Systematic note: Aellen (1959) separated R. kinneari Wroughton 
from R. miorophyllum on the basis of longer forearm, 70-71.5 (70.7) V8. 

68-70.5 (69.4), and considered it as a subspecies of the latte;. Felten 

A 

6em 

Text-fig B.-Family Rhinopotnatidae: Rhinoporna microphyllu,n kinneari Wroughton, 
6'. Rajasthan (Jodhpur). External body: (A) Dorsal view. (B) Ventral 
view. 

(1962) treated specimens from Rajasthan as R. m. microphyllum and 
Prakash (1963) as R. kinneari. Siddiqi (1970) synonymised kinneari with 
microphyllum. I treat Rajasthan specimens as kinneari because they are 
slightly longer than Egypt, Pakistan and Afghanistan specimens. 
Schlitter and DebIase (1974) described a new subspecies, R. m. harrison; 
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from Iran. Thus three subspecies are recognised from Indian and 
Palaearctic regions as follows of 'which R. m. kinneari occurs in 
Rajasthan. 

R. m. microphyllum (Brlinnich).-As in species except Iran, and 
North-West and Central India. 

R. m. kinneari Wroughton.-N"orth-West and Central India. 
R. m. harrisoni Schlitter & DeBlase.-Iran. 

Rhinopoma microphyllum kinneari Wroughton 

(Text-figs. 4A, B, C, D) 

Bhinopoma kinneari Wroughton, 1912, J. BO?nbay nat. Rist. Soc. Bombay. 21 (4) : 765. 
Type-Ioc. : Bhuj, , Kutch, Gujarat, India. 

,~ em E 

A 

Text-fig. 4.-(A-D) Rhinopoma microphyllurn kinneari Wroughton, (j. Rajasthan 
(Jodhpur), Skull: (A) Dorsal view. (B) Ventral view. (0) Lateral view. (D) 
Lower jaw, in lateral view; (E-H) Rhinoporna hardwickei hard'lnickei 
Gray, O. Rajasthan (,Jodhpur). Skull: (E) Dorsal view. (F) Ventral view. 
(G) Lateral view. (H) Lower jaw, in Lateral view. 

Material examined: Rajasthan: Jodhpur Dist.: Jodhpur, Mandore, 
Bhim-Bharak and Ransi village, 30 d d, 25 ~ ¥ ;' Pali Dist.: From 
crevices of hillock on Jodhpur-Pali Road near Pali, 23 0 C ,22 ~ ~ ; 
Naga..ur Dist.: Marot, Shyamgadh and Panchota, 7 d (5, 37 ~ ~ ;' 
Jhunjhunu Dist.: Lohagarh, 12. 0 C ~ 17 ~ ~ ; Saw~i Madhopur Dist~ ; 

S 
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Malarna Dungar, 7 0 d' , 12 ~ ~'; 1;)ungarpur Dist .. : Dungarpur, 
5 d' d' ,5 ~ ~ ; Jhalawar Dist. : Jhalara-Patan fort and Gagaron Ka Kila, 
19 0 0, 35 ~ ~ ; Bundi Dist.: - Bundi, 18 0' d' , 10 ~ ~. Other than 
'Rajasthan: Gujarat: Junagadh,4 d' d' , 1 ~. Maharashtra: Nagpur, 
1 d Uttar Pradesh: Fatehpur Sikri, 2 0 d', 1 ~. 

Diagnosis of sUbspecies: I have not been able to examine examples of 
R. m. harrisoni but it is slightly longer than R. m. microphyllum. 

Length; Head and body 61-84 ; forearm 60·75 ; ear 15-20.3 ; tragus 
6.2-8.5 ; tail 50-65 ; wing spread 210-285; tibia 22-28 ; foot with claw 
16-17. 

Skull: Total length 19-22.5; zygomati~ width 12-13; width of 
braincase 8-10 ; length-of maxillary width (mS_mS) 9-10 ; length of upper 
tooth-row (c-mS ) 7.2-8.1; length of lower tooth row (c-ms) a-9.5; length 
of mandible 14-16. 

Distribution of subspecies (Text-figs. 16 & 20D) : RAJASTHAN: Districts 
of Jaisalmer,'Barmer, Jodhpur, Pali, Sawai Madhopur, Nagaur, Jhunjhunu, 
Banswara, Jhalawar and Bundi. l~he present records from Nagaur, Sawai 
Madhopur, Pali, Ba'nswara, Jhalawar and Bundi Districts are new. (See 
also Sinha, 1975). Elsewhere; North-West and Central INDIA, a1so 
PAKISTAN, AFGHANISTAN, ARABIA, PALESTINE and EGYPT. 

5. Rhinopoma hardwickei Gray 

(Lesser Rat-tailed Bat) 

Rhinopoma hardwickei Gray, 1831, Zool. Misc., p. 37. T;vpe-Ioc. : India. 

Diagnosis of species: Similar to R. microphyllum in shape but differs 
mainly in the smaller external and cranial measurements and longer taU 
(longer than forearm VS. smaller in R. microphyllum). Skull small, with,a 
large globular swelling on each side above the nostrils; otherwise similar 
to R. microphyllu'm~ Dental formula: Same as in R. microphyllum. 

Distribution of species: The Sahara, EGYPT, the SUDAN, ARABIA, IRAN, 
AFGHANISTAN, PAKIST~, INDIA. 

Systematic note: Has 4 subspecies as follows, of which R .. h. hard. 
wiclcei occurs in Rajasthan :-

R. h. hardwiclcei Gray, 1831.-lndia ! Delhi, Uttar Pradesh, Rajasthan, 
Gujarat, Madhya Pradesh, Bihar, West Bengal and Karnataka. 

R. h. cystops Thomas, 1903.-Central Egypt and the Sahara. 

R. h. arabium -Thomas, 1913.-N. W. Arabia and Palestine; much of 
north Africa east to Iran. 

R! h. macinnesi Hayman, 1937.-The SO'QtherQ Sq.daI\ and Kenya. 
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Rhinopoma hardwickei hardwickei Gray 

(Text-figs. 4 E, F, G, H) 

Rhinopoma hard?»ickei Gray, 1831, as ab:)ve. 
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Material examined: Rajasthan: Jodhpur Dist.: Jodhpur, Bhim 
Bharak, Salawas, and Kalyanpur, 7 d d, 14 ~ ~ ; Nagatir Dist. : Solayan 
village, 15 km. N. E. of Kuchaman Road Railway Station, 2 (j is, 10 
~ Sand 8 suckling young; Jhunjhullu Dist.: Nangal 'village, 3 is 0 , 

5 . S ~ ; Ajmer Dist.: Ajrner, 3 is 0, 1 0 ~ ~ ; Dungarpur Dist.: 
Dungarpur, 1 (j ; Jhalawar Dist. : Jhalara-Patan, 3 ~ ~ ; Bundi Di$t. : 
Bundi, 3 (j 0, 1 S. Other than Rajasthan:. Gujara t: Palan pur and 
Junagadh, 10 0 0' ,5 ~ ~ Bihar : Gaya, 1 is, 1 ~. 

Diagnosis of sUbspecies: Easily separable from other subspecies by its 
larger external and cranical dimensions. 

Length: Head and body 57-70; forearm 58-64; ear 18-21 ; tragus 
6-8 ; tail 60-81 ; wing spread 270-320 ; tibia 26-33 ; foot with claw 13-17. 

Skull: Total length 18-20 ; zygomatic width 11-11.2 ; width of brain
case 8-9 ; maxil~ary width (m8 _m8 ) 7.7-8.3 ; length of upper tooth row 
(c-m 8 ) q.1-7; length of lower tooth row (c-ms) 6.5-7.9; length of 
mandible 12.2~14.4. 

Remarks: Tail usually longer than forearm but in few specimens 
from Rajasthan "it is shorter; suckling young also ha$ a longer tail than 
foreatm. Examples from Rajasthan have narrower maxilla and shorter 
tooth rows and mandible in comparison with the example from Gujarat. 

,Distribution of subspecies (Text-figs. 16 & 20E) : RAJASTHAN: Districts 
.of Jaisalmer, Bikaner, Jodhpur, Ajmer, Nagaur, Jhunjhunu, Dungarpur, 
Jhalawar and Bundi. The present records from Nagaur, Jhunjhunu, 
Dungarpur, Jhalawar and Bundi districts are new (See also Siq.ha, 1975). 
Elsewhere: As above. 

Family III. EMBALLONURIDAE 

(Text-fig. 5) 

Genus (4) Tapbozous E. Geoffroy 

6. Taphozous perforatus E. Geoffroy 

(The Tomb Bat) 

To,phozous perfo'ratus Geoffroy, 1818, Description de l' Egypte, 2: 113. Type-Ioc.: 
Egypt. 

Diagnosis of species: Size medium (wing spread 210-280 mm.) head 
with deep central depression between eyes ; ears long ; tragus hammer-
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shaped, distal margin not wavy; tail perforating interfemoral membrane, 
its tip pointed; calcar weak; gular sac absent in male, rudimentary in 
female; pectoral depr~ssion absent; radio-metacarpal pouch small; 
second finger has only metacarpal bone. Skull with long postorbital 

_------m. 
H---d. 
IJr.---P. 

t.m .. 

t. , 
-a.l. 5 (m 

8 ft. 
I. 

Texb-fig. 51-Family Elnballonuridae: Taphozous kachhensis kachhensis Dobson,. ~ • 
Rajasthan (Jodhpur). External body: (A) ~. Dorsal view. (B) ~, 
Ventral view, (0) ~., Ventral view. (D) ~. Head, in lateral view. 

process; premaxillaries cartilaginous, free in middle and also from 
canine; parietal and occipetal crests weak ; frontal depression deep; 
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palate not continued behind last molar; basisphenoid deeply excavated, 
divided . by a thin lamina into right and left halves ; crown of molar 
marked with transverse furrow. 

} . 0 1 2 3 
Denta formula: 1· 2' C I' pm 2' m ii = 28 

Distribution of species: AFRICA and West and South ASIA : EGYPT, 

South to SUDAN and KENYA ; ARABIA; West and Central INDIA. 

Systematic note: Has two Indian and Palaearctic subspecies as 
follows :-

T. p. perforatus Geoffroy.-Egypt; India: Rajasthan, Gujarat and 
Madhya Pradesh. 

T. p. haedinu8 Thomas.-East Africa: the Sudan, Kenya; South 
Arabia. 

Besides this, Taphozous perforatus has probably three African sub
specis viz., T. p. sudani Thomas, T. p. 8wirae Harrison, and T. p. 
rkodesiae Harrison. 

Tapbozous perforatus perforatus E. Geoffroy 

(Text-figs. 6 A, B, C, D) 

Taphozous perfora.tus Geoffroy, 1818, as above. 

Material examined: Rajasthan: Jodhpur Dist.: Jodhpur, 3 (j J, 
6 ~ ~ ; Dungarpur Dist.: Dungarpur, 1 O. Other than Rajasthan: 
Gujarat : Rajkot, 2 C C ,4 ~ ~. 

Diagnosis of sUbspecies: Same as in the species but less darker and, 
have average little smaller skull than T. p. haedinus (vide Thomas, 1915). 

Length: Head and body 64-76 ; forearm 60-64 ; eal; 17-21 ; tragus 5-6 ; 
wing spread 210-280 ; tibia 22-25 ; foot with claw 10-13. 

Skull: Total length 18.6-19.3; zygomatic width 11.3-12 ; width of 
braincase 9.1-9.5; maxillary width (mS_mS) 7.8-8.4; length of upper 
tooth row (c-m8 ) 8.1-8.6 ; length of lower tooth row (c-ms) 9-9.5 ; length 
of mandible 14.6-15.5. 

Distribution of subspecies (Text-figs. 17 & 20F) : RAJASTHAN: Districts 
of Jodhpur, Barmer and Dungarpur., The present record from Dungarpur 
is new (See also Sinha, 1975). Elsewhere: As above. 

7. Tapbozous.longimanus Hardwicke 

Taphozous longimanus Hardwicke, 1825, Trans. Linn. Soc.~ London, 14 : 525. Typo

loc. : Calcutta, India. 

Diagnos'is of species: Size medium (wing spread 370-390 mm.) ; head 
with deep central depression between eyes; ears long; tragus hammer-
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shaped, distal margin wavy; tail perforating interfemoral membrane, its 
tip blunt; calcar well developed; gular sac deeper in male (about 10 mm. 
deep), rudimentary in female ; males also have a prominent pore below 
gular sac and above thorax; radio-metacarpal pouch moderately deve
loped ; second finger has only metacarpal bone ; coloration of fur varies 
from dark brown to black> with the base of the hairs white. 

~--4H-9 

10 

12 17-~~-":'· 

'2)--1'0-' 

28 A V _~~..-...,lr.-. 

Text-fig. 6.-(A-D) Taphozous perforatus 'Per/oratus Geoffroy, ~ Rajasthan (Jodhpur). 
Skull: (A) Dorsal view. (B) Ventral view. (0) Lateral view (D) Lower jaw, 
in lateral view; (E-H) Taphozous longimanus longim,anus Hardwickei, ~. 
Rajasthan (Kota). Skull: (E) Dorsal view. (F) Ventral view. (G) 
Lateral view. (H) Lower jaw, in lateral view. ; (I-L) Taphozous kachhensis 
kachhensis Dobson, ~. Rajasthan (Jodhpur). Skull; ~I) :Corsal view. 
(J) Ventral view. (K) Lateral view. (L) Lower jaw, in lateral view. 
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Skull larger, with the basisphenoid cavity deeper than in Taphozous 
perforatus ; otherwise the tWO species are similar. Dental formula as in 
T. perforatus. 

Distribution : INDIA, SRI LANKA and further east via BURMA, 
MALAYSIA, to INDONESIA up to Flores. 

Systematic note: Four sub3pecies are known as follows; of these 
T. l. longimanus is found 1n Rajasthan : 

T. l. longimanus Hardwicke-As in species (except Java, Borneo and 
Flores). 

T. l. kampenii Jentink.-Java. 

T. l •. albipinnis Thomas-Borneo. 

T. l. leucopleur-us Dobson.-Flores. 

Taphozous lo.ngimanus longimanus Hardwicke 

(Text-figs. 6 E, F, G, H.) 

Taphozous longilnan'ltS Hard wicke, 1825, as above. 

Material examined: Rajasthan: Ajmer Dist.: Nasirabad, 2 ~ ~ ; 
Kota Dist. : Kota, 1 0, 3 ~ ~. Other than Rajasthan: INDIA; Gujarat: 
Palanpur 5 ex. ; Bihar: Inanpur, 2 0 0 ; Chapra, 1 ~. BURMA: Pegu, 
300,5 ~~. 

Diagnosis of sUbspecies: Same as in species and; recognised from 
~ 

other subspecies by slightly larger size. 

Length: Head and body 75-80; forearm 58-62; ear 17-19; wing 
spread 370-390 ; tibia 22-26.5 ; foot with claw 11-13. 

Skull: Total length 19-20; zygomatic width 12-13.4; width of 
braincase 9.7-10.5; maxillary width (m 8 -m8 ) 8.8-9.1; length of upper 
tooth row (c-mS ) 8.5-9 ; length of lower tooth row (c-ms ) 9.5 .. 10-5 ; length 
of mandible 15.4-16.5. 

Remarks: The male possesses a deep pore below the gular sac as was 
first noted by Sinha (1970) for Burma. 

Rajasthan specimens are black above and below, but the base of fur 
white. 

Distribution of SUbspecies (Text-figs. 17 & 200): RAJASTHAN: 
Districts of Ajmer and Kota. The record here from Ajmer and Kota 
Dietricts are new (see al$o Sinha, 1976). Elsewhere: As ~bov~. 
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8. Tapbozous kachhensis Dobson 

( The Kutch Sheath-tailed Bat) 

Taphozous kachhensis Dobson, 1872, J. Asiat. Soc. Bengal, Calcutta. 41 (2) : 221. Type
loco : Kutch. India. 

Diagnosis of species: Larger than Taphozou8 perforatu8 (wing spread 
300-420 mm.); head with small central depression; ear long; tragus 
short and hammer-shaped; its distal margin wavy; tail perforating 
interfemoral membrane, its tip blunt; calcar present; gular sac well 
developed in ma]e, rudimentary in female ; pectoral depression deep ; 
r~dio-metacarpal pouch/prominent; second finger has only metacarpal 
bone. Skull large; postorbital process long; premaxillaries cartilaginous, 
free in middle and also from canine; parietal and occipital crests promi
nent forming at their junction behind a distinct helmet ; frontal depre
ssion shallow; palate not continued behind last molar ; basisphenoid 
deeply excavated, divided by a thin bony lamina;' crown of molar 
marked with transverse furrow. Dental formula as in Taphozous 
perforatus. 

Distribution of species: IRAQ; PAKISTAN; almost whole of INOlA; 
BURMA and MALAYSIA. 

Systematic note: Divided into three subspecies as follows of which 
T. k. kachhensis is found in Rajasthan: 

T. k. kach.hensis Dobson.-Pakistan and India. 

T. k. magnus Wettstein.-Iraq. 

T. k. nudaster Thomas.-Burma. 

Taphozous kachhensis kachhensis Dobson 

(Text-figs. 6 I, J, K, L) 

Taphozous kachhensis Dobson, 1872, as above. 

Material examined: Rajasthan: Jodhpur Dist.: Mandore, Balsamand 
and Bhim Bharak, 16 d' <5, 17 ~ ~ ; Kota Dist. : Kota, 3 d' d' , 11 ~ ~ ; 
Jhalawar Dist.: Jhalara-Patan, 2 ~ ~ ; Bundi Dist.: Bundi, 4 (} 0 , 
7 ~ ~ ; Tonk Dist. : Tonk, 2 <5 d', 3 ~ ~. Other than Rajasthan: 
INDIA: Gujarat: Bhuj, 1 <5, 3 ~ ~ ; Junagadh, 7 <5 <5, 1 ~. Karnataka; 
Vijayanagar, 1 ~ ; Sivasamudrum, 1 ~. Madhya Pradesh: Gwalior, 
1 (}. W. Bengal: Darjeeling Dist. : Sivok, 2 QQ. PAKISTAN: Kashmor, 
2 <5 d' ; Rohtas Salt Range~ 1 0 ~ 1 ~, 
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Diagnosis of subspecies: Specimens of T. k. magnus and T. k. nudaster 

are not examined by me but according to Thomas (1915b). 
T. k. kachhensis is slightly smaller than T. magnus and larger than 

T. k. nudaster. 

Length-: Head and body 80-104 ; forearm 68-81 ; ear 20-25 ; tragus 
5-6 ; wing spread 300-420 ; tibia 27-32 ; foot with claw 14-18. 

Skull: Total length 26-29 ; zygomatic width 16-17.8 ; width of brain 
case 11.5-13 ; Maxillary ,,7idth (mS-mS) 10.4-12 ; length of upper tooth 
row (c.-mS ) 10.6 .. 12 ; length of lower tooth row (c.-ms) 11.7-13.3 ; length 

of mandible 19-21.5. 

Remarks: Specimens from Gujarat have larger skull than those 

from Rajasthan. 

Distribution of subspecies (Text-figs. 17 & 20H): RAJASTHAN: Dis
tricts of Jodhpur, Tonk, Bundi, Kota, and Jhalawar. The present record 
from Tonk, Bundi, Kota and Jhalawar Districts are new (See also Sinha, 
1976). Elsewhere: As above. 

Family IV. MEGADERMATIDAE 

(Text-fig. 7) 

Genus (5) Megaderma E. Geoffroy 

9. Megaderma lyra Geoffroy 

( Indian False Vampire) 

Megaderma lyra Geoffroy, 1810, Ann. Mus. Hist. nat., Paris, 15 : 190. Type-loc. : East 
coast of JHadras, India. 

Diagnosis of species: Size medium; wing spread 380-440 mm. ; 
noseleaf divided into anterior portion semicircular, central narrow and 
posterior truncated; ears very large and united above nearly half of the 
inner margin; tragus long, bifid; antitragus absent; tail invisible; 
calcar weak and short; second finger having only metacarpal bone. 
Skull with poorly developed ridge-like postorbital process; premaxilla
ries absent; parietal and occipital crests well developed; palate not 
exceeding the last molar; basisphenoid excavated and separated by bony 
lamina ; crown of molars marked with transverse furrows. Dental 

.0 1 2 3 
formula: ~ 2' c I' pm 2' m 3=28 

Distribution of species: INDIA, South CHINA, BURMA, SRI LANKA and 
MALAYASIA. 

Systematic note: Divided into two subspecies as follows of which 
M. l. lyra is found in Rajasthan ; 

~ 
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M. l. lyra Geoffroy.-Pakistan, all India; Burma; Sri Lanka. 
M.l. sinensis Andersen & Wroughton. -South China and Malavasia. 

Text-fig. 7.-Family l\Iegadernlatidae: 1Jfegaderma lyra lyra Geoffroy, ~ 

(Nangal, Jhunjhunu Dist.). External body: (A) Dorsal view. 
view. (0) Frontal view of head. (D) Frontal view of noseleaf. 

Megaderma lyra lyra Geoffroy 

( Text-figs. 9 A, B, C, D ) 
Megader'lna lym Geoffroy, 1810, as above. 

Rajasthan 
(B) Ventral 

Megaderma lyra lyra Geoff., Sinha, 1971, p. 86. (Syn .. Euchiera lyra caurina And. 
& Wr.) 

Material examined: Rajasthan.-Jhunjhunu Dist.: N angal 
30o~9~~ Sawai Madhopur Dist. : Ranthambhore~ 

village, 
? Kot~ 
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Dist. ; Darah, 4 0 0 , 15 ~ ~ ; Dungarpur Dist. : Dungarpur, 22 dO; 
Banswara Dist. : Banswara, 6 0 d, 13 ~ ~ ; Jhalawar Dist.: Jhalara
Patan, 2 ~ ~. Other than Rajasthan. -INDIA: Gujarat: Palanpur,1 d. 
Maharastra: Nasik, 1 0, 2 ~ ~ ; Nagpur, 4 dO; Devikop 1 0 ; 
Ratnagiri, 1 0' Himachal Pradesh: Kangra, 1 c Madhya Pradesh: 
Sohagpur, 1 0, 2 ~ ~ ; Sagar, 1 d ; Gwalior, 1 c ; Hoshangabad, 1 d 
Karnataka: Kanara, 1 0' ; Gersoppa, 1 d; Sagar, 1 0, 1 ~ ; Bellari, 
1 d. Kerala: Trivandrum, 2 d d. Uttar Pradesh: Nishangara, 3 d, d , 
4 ~ ~ ; Agra, 4 c C, 1 ~ ; Gazipur, 1 d ; Lucknow 6 de, 3 ~ ~ ; 
Kumaun, 1 d. Andhra Pradesh: Cuddapah, 1 d, 1 ~ ; Diguvametta, 
1 d. Tamil Nadu: Salem, 1 C, 1 ~ ; Coimb3:tore, 1 d. Orissa: 
Chilka lake, 2 d d. Bihar: Harpur Osti (Vaisali Dist.), 3 d d ; Purnea, 
5 ~ ~ ; Chaibassa, 1 ~. w. Bengal: Midnapore, 4 d d ; Ranigunj, 1 d, 
1 ~ ; Calcutta, 1 d Assam: Sylhet, 2 d C PAKISTAN: Murree, 2 dO, 
2 ~ ~. SRI LANKA: Udugama, 1 ~ BURMA: N. Shan State 1 ~ ; 
Toungoo, 1 ~. 

Diagnosis of SUbspecies: Differs from M. lyra sinensis only in having 
smaller skull ( total length 26-28.6 VS. 30-30.8 mm.). 

Remarks: Rajasthan and Indian examples have smaller skulls than 
those from Burma. They also differ in the colour of the fur : dorsally 
slate grey (vs. mummy brown); ventrally ashy base and pale tip of 
hairs (vs. ashy with slight tinge of buff). In these respects, Burmese 
specimens resemble M. lyra sinensis (China). It is also obvious from 
measurements that the forearm in females is longer than males. 

~ength: Head and body 69-99; forearm 59.6-71; ear 32-40; 
tragus 16-19; wing spread 380-440·; tibia 29-38 ; foot with claw 15-20. 

Skull: Total length 26-28.5 ; zygomatic width 14-17 ; width of brain
case 11.4-12.5, Maxillary width (mS_mS) 9.3-10.6; length of upper 
tooth row (c-m S ) 10.5-11.3; length of lower tooth row (c-m~) 11.5-
12.8 ; length of nlandible 18.0-20.2. Total length of Burmese specimen 
29.8 mm. 

Distribut~on of subspecies (Text-figs. 17 & 20 I) : RAJASTHAN: Districts 
of Jodhpur, Jhunjhunu, Sawai Madhopur, Kota, Dungarpur, Banswara 
and Jhalawar. The present records from Jhunjhunu, Sawai Madhopur, 
Kota, Dungarpr, Banswara and Jhalawar Districts are new (See also 
Sinha, 1975). Elsewhere: As above. 
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Family V. RHINOLOPHIDAE 

(Text-fig. 8) 

Genus (6) Rhinolophus Lacepede 

10. Rhinolophus lepidus Blyth 

( Little Indian Horseshoe Bat) 

Rhinolophu8 lepidu8 Blyth, 1844, J. A5iat. Soc. Bengal, Calcutta, 13 : 486. Type-Ioc.: 

Calcutta, India. 

Diagnosis of species: Medium-sized; total wing spread 230-250 mm.; 
noseleaf compli.cated and consists of an antero-horizontal portion ( the 
"horseshoe" ), a central process (sella) and a posterio-vertical portion; 

P·nl. 
ho, 

c nl ey. 
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J nl 
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Text-fig. 8.-Family Rhinolophidae : Hipposide'l'os fulvus tpallidus Andersen, d'. R.ajastha,n 
(Jodhpur). External body: (A) Dorsal view. lB) Ventral view. (0) Head, in 
front view. (D) Frontal sac with tuft of ha,irs 

ear large and pointed; tragus absent ; antitragus present; tail com
pletely covered by interfemoral membrane ; calcar small; first toe with 
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three joints, "remaining toes with only two ; second finger having only 
metacarpal bone. Skull small; without postorbital process; pre
maxillae partly cartilaginous, neither touching each other nor the 
maxillae; sagittal crest poorly developed; palate not exceeding the last 
molar; basisphenoid not excavated; crown of molar marked with 

f D 1£ 1 /1 1 2 3_ transverse urrows. enta ormu a : " 2' c l' pm 3' rn '3 - 32 

Distribution of species: AFGHANISTAN; almost the whole of INDIA ; 
southern CHINA and northern BURMA. 

Systematic note: Divided into two subspecies as follows, of which 
R. l. lepidus is found in Rajasthan. 

R. l. lepidus B1yth.-Afghanistan ; and almost the whole of India. 
R. l. shortridgei Andersen.-Southern China and northern Burma. 

Rhinolophus lepidus lepidus Blyth 

( Text-figs. 9 E, F, G, H ) 

Rhinolophus lepid'U,s lepidus Blyth, 1844, as above. 

Material examined: Rajasthan.- Jodhpur Dist.: Jodhpur, 1 ~ ; 
Sawai Madhopur Dist. : Ranthambhore, 1 d', 2 ~ ~ ; Bundi Dist. : Sikar 
Burz, 11 Km. S. E. of Bundi, 1 c. Othe·r than Rajasthan.-Madhya 
Pradesh : Soh~gpur, 3 d' d' ,6 ~ ~ Orissa : Khandagiri, 1 o. Bihar: 
Singar, 7 d' d' I; Manharpur, 3 d' d' ,3 ~ ~ ; Luia, 1 d'. West Bengal: 
Sa1bani, 1 ~. Megha1aya: J aintia Hills (Syndai), 1 d'. 

Diagnosis of sUbspecies: Differs from R. lepidus shortridgei in having 
smaller hind foot and mandibles. 

Length: Head and body 38-45; forearm 37-42; ear 12-18; wing 
spread 230-250 ; tibia 15-19 ; foot with claw 6-9. 

Skull: Total length 16-17.7; zygomatic width 7.9-8.7 ; width of brain 
case 6-7.4 ; maxillary width (m8 _m8 ) 6-6.1 ; length of upper tooth row 
(c-m8 ) 6-6.5 ; length of lower tooth row (c-ms) 6.4-7 ; length of mandible 
9.5-11.3. 

Distribution of subspecies (Text-figs. 17 & 20J) RAJASTHAN: Districts 
of Jodhpur, Bikaner, Jhunjhunu, Sawai Madhopur, and Bundi. The 
present records from Sawai Madhopur and Bundi Districts are new. 
Elsewhere : As above. 
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Genus (7) Hipposideros Gray 

11. Hipposideros fulvos Gray 

(Fulvus Leaf .. nosed Bat) 

1838. Hipposideros julvus Gray, Mag. Zool. Bot., 2 : 492. Type-Ioc.: Dharwar, S. 

India. 

Diagnosis of species: Medium-sized; total wing spread 260-270 mm. ; 
noseleaf present; ear large \and rounded; tragus absent; antitragus 

___ --.' .;:;,:c"!:-... 
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Text-fig. 9.-(A-D) Megaaerma lyra lyra Geoffroy, ~ Rajasthan (Nangal, Jhunjhunu 
Dist.). Skull: (A) Dorsal view. (B) Ventral view. (0) Lateral view': (D) Lower 
jaw) in lateral view; (E-H) RhinoZophus Zepidus lepidus Blyth, ~ Rajasthan 
(Jodhpur). Skull: (E) Dorsal view. (F) Ventral view. (G) Lateral view. (H) 
Lower jaw, in lateral view; (I-L) Hipposiderosfulvus pallidus Anderson, O. 
Rajasthan (Jodhpur). Skull: (1) Dorsal view. (J) Ventral view. (K) Lateral 
view. (L) Lower jaw, in later! view. 
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reduced; tail completely covered by interfemoral membrane; calcar 
small; all toes with two joints; second finger having only metacarpal 

bone. Skull small; without postorbital process; premaxillaries partly 
cartilaginous, neither touching each other nor maxillaries ; parietal crest 
well developed; palate not exceeding last molar; basisphenoid ~ith 

shallow depression; crowns of molar marked with transverse furrow . 
. 1 1 2 3 

Dental formula: ~ 2' c I' pm 2' m 3=30 

Distribution: PAKISTAN; almost the whole of INDIA; SRI LANKA, 
BURMA (including Tenasserim), THAILAND and TAIWAN (Formosa). 

Systematic note: Divided into two subspecies as follows, of which 
H. f. pallidus is found in Rajasthan. 

H. J. fulvus Gray.-Parts of India (Maharastra, K ~nataka, Tamil 
Nadu, W Bengal, Assam) ; Sri Lanka, Burma, Thailand and Taiwan. 

H. f. pallidus Andersen.-Pakistan; and parts of India ( Gujarat, 
Rajasthan, Madhya Pradesh, Bihar and Orissa ). 

Hipposideros fulvus pallid us Andersen 

( Text-figs. 9 I, J, K, L ) 

Hipposideros fulvus paZZidus Andersen, 1918, Ann. Mag. nat. Hist., London, (9) 2 : 381. 
Type-loc. : Junagadh, Gujarat, India. 

Material examined: Rajasthan: Jodhpur Dist.: Jodhpur, 3 0' (5 , 

6 ~ ~ ; Jhalawar Dist.: Jhalara-Patan, 1 0' ; Ajmer Dist.: Ajmer, 
2 ~ ~. Other r than Rajasthan: INDIA: Gujarat: Junagadh, 16 0' 0' , 
17 ~ ~ Bihar: Darbhanga, 1 (5 ; Hazaribagh, 1 (5. PAKISTAN: Rawal
pindi , 2 0' 0' ; Sind, 3 (5 (5 ,3 ~ ~ . 

Diagnosis of subspecies: Differs from H. f. fulvus only in its paler 
back and creamy underparts lacking all trace of brown. 

Remarks: Frontal sac in the form of a pore with a small tuft of 
black hairs, observed in male (as in H. speoris and H. galeritus, Brosset, 
1962b ). 

Length: Head and body 45-55; forearm 38-42; ear 22-24 ; wing 
spread 262-272 ; tibia 16-18 ; foot with claw 7-9. 

Skull: Total length 17-17.5; zygomatic width 8.9-9.5; width of 
brain case 7-8.5; maxillary width (m <l_mS ) 6-6.5; length of upper tooth 
row (c-m8 ) 6-6.7; length of lower tooth row (c-m 8) 6-7 ; length of 
mandible 11-12. 

Distribution of subspecies (Text-figs. 17 & 20 K) : RAJASTHAN: Earlier 
recorded from "Rajputana" (Wroughton, 1918 ; Hill~ 1963) but without 
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specific location. The present record from Jodhpur, Ajmer and Jalawar 
Districts are new. (See also Sinha, 1975). Elsewhere: As above. 

Family VI. MOLOSSIDAE 

Genus (8) Tadarida Rafinesque 

12. Tadarida aegyptiaca (E. Geoffroy) 
( Text-fig. 10 ) 

(Asiatic Free-tailed Bat) 

Nyctinomus aegyptiacus Geoffroy, Description de l' Egypte, 2 : 128, pl. 2. Type-Ioc.: 
Egypt. 

Tadarida aegyptiaca GeJfi., Ohaturvedi, 1964, p. 432, (syn. Tadarida tragatus Dobson). 

Dl~agno8i8 of species: Medium-sized; total wing spread 300-330; 
noseleaf absent; ear large, rounded and separated on the rostrum; 

Text-fig. lO.-Family l\Iolossidae: Tadarida aegyptiaca thomasi Wroughton, ~ . Rajasthan 
(Jodhl?ur). External body: (A) Dorsal view. (B) Ventfal view. 
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tragus broadened; antitragus small; upper lip heavily wrinkled; tail 
projects out of the interfemoral membrane for about half its length; 
calcar well developed; second finger without claw, having only meta
carpal bone. Skull without postorbital process; anterior rim of orbit 
thickened and projecting outwards; palatal branch of premaxillae 
absent; parietal crest absent; palate not exceeding last molar; basis
phenoid not excavated; crown of molar marked with transverse furrows. 
Dental formula : 

· 1 1 2 3 
~2' G I' pm 2' m 3=30 

Distribution of species: AFRICA (EGYPT; KENYA) and S. ASIA (PAKISTAN; 
INDIA ; SRI LANKA). 

Systematic note: Divided into ,three subspecies as follows, of which 
p. a. thomasi is found in Rajasthan : 

T. a. aegyptiaca (E. Geoffroy).-Egypt ; Kenya. 

T. a. sinaica Wroughton.-Pakistan. 

T. a. thomasi Wroughton.-India ; Sri Lanka. 

Tadarida aegyptiaca thomasi Wroughton 

(Text-figs. 10, 11A, B, C, D ) 

Tadarida thomasi Wroughton, 1919. J. Bombay nat. Hist. Soc., Bombay, 26 (4) : 732. 
Type-loc. : Bhuj, Kutch, India. 
Tadarida aegyptiaca thomasi Wr., Ellerman and l\Iorrison-Scott, 1951, p. 135 ; Sinha, 
1970, p. 87 (syn. : Tadarida gossei Wr.). 

r • 

Material examined: Rajasthan: Alwar Dist.: Alwar, 1 0 ; Sirohi 
Dist.: Mt. Abu, 1 ~ ; Jodhpur Dist.: Jodhpur, 1 0 ; 3 ~ ~ and 2 
complete skeleton ; Ajmer Dist. : Rajgadh, 2 0 0 , 8 ~ ~ ; Kota Dist.: 
Kota, 3 0 0, 9 ~ ~ ; Dungarpur Dist.: Dungarpur, 1 ~ ; Bundi 
Dist. : Bundi, 1 o. Other than Rajasthan.-Maharastra: Poona 2 ~ ? • 
Bihar: Chota Nagpur 1 (S. 

Diagnosis of subspecies: Differs from other subspecies in being 
smaller and darker (warmer, less greyish coloration). 

Length: Head and body 61-64 ; forearm 46-47.5 ; ear 18-20 ; tragus 
4-5,; wing spread 300-330 ; tibia 13 .. 14.5 ; foot with claw 7.2-9. 

Skull: Total length 18.7 .. 19.5 ; zygomatic width 11.5-12 ; width of 
brain case 9-10 ; maxillary width (ma_m S ) 8 .. 8.5 ; length of upper tooth 
row (c-m!l) 7-7.5 ; length of lower tooth row (c-ms) 7.5 .. 8 ; length of 
mandible 13.4-14. 

Distribution of subspecies (Text-figs. 18 & 20 L) : RAJASTHAN: Districts 
of Jodhpur, Sirohi, Ajmer? Alwar1 Bundi~ Kota and Dun~arpur. Previou~ 

5 
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Rajasthan records were from Mt. Abu (Wroughton, 1919) and Alwar 
(Agrawal and Sinha, 1973). The present record from Jodhpur, Ajmer, 
Bundi, Kota and Dungarpur Districts are new (See also Sinha, 1975). 
Elsewhere : As above. 

J em 

E F 

Text-fig. l1.-(A-D) Tadarida aegyptiaca thomasi Wroughton, c!. Rajasthan (Jodhpur). 
- Skull: (A) Dorsal view. (B) Ventral view. (0) Lateral view. (D) Lower jaw, 

in lateral view; (E-H) Tadarida plicata pu,cata (Buchanan). ~ Burma 
(Tenasserim). Skull: (E) Dorsal view. (F) Ventral view. (G) Lateral view. 
(fI) Lower jaw, in lateral view. 

13. Tadarida plicata (Buchanan) 

( Wrinkled-lipped Bat) , 

VespertiZio plicatu8 Buchanan, 1800, Titans. Linn. Soc. Lond., 5 : 261, pl. 13. Type,;;,loc. : 

Bengal. 

Diagnosis: Medium sized; total wing spread 310-340; noseleaf 
absent; ear large, rounded and joined on the muzzle by a narrow 
band of integument; tragus small and quadrate; antitragus small; upper 
lip thick and coarsely wrinkled; tail projecting out of the enterfemoral 
membrane; calcar present; second finger without claw, having only 
metacarpal bone. Skull without postorbital process; anterior rim of 
orbit low; palatal bran~h of premaxillae present; parietal crest low; 
palate not exceeding last molar; basisphenoid not excavated; crown 
of molar marked with transverse furrows. Dental formula: Same as 
in T. aegyptiaca. 

Distribution of species: INDIA; SRI LANKA; BURMA; CHINA; MALAY

SIA; Sumatra; Java; Borneo; and PHILIPPINE Island~. 



SINHA: The Bats of Rajasthan 35 

Systematic note: Divided into two Indian and Palaearctic sub
species as follows, of which T. p. plicata (Buchanan) is found in 
Rajasthan; 

"T. p. plicata (Buchanan).-Distribution as in species (except· Sri 
Lanka). 

T. p. insularis Phillips.-Sri Lanka. 

Besides this Tadarida plicdta has three more Australisian subspecies 
viz., T. p. dilatata (Horsfield), T. p. tenuis (Horsfield) and T. p. luzonus 

(Hollister). 

Tadarida plicata plicata (Buchanan) 

(Text-figs. 11 E, F, G, H ) 

VesperU,lio plicatus Bueha~an, 1800, as above. 

Tadarida plicata plicata Bueh., Ellerman and ~forrison-Seott, 1951, p. 135. 

Meterial examined: Rajasthan: Sirohi Dist.: Mount Abu, 1 ~. 
other than Rajasthan; INDIA: Uttar Pradesh: Allahabad, 1&,; W. 
"Bengal: Calcutta, 1 0, 1 ~. BURMA: Tenasserim, 9 0 &" 15 ~ ~ ; 
South Shan States, 5 ~ ~. 

Diagnosis of subspecies: As in species above. 

Length: Head and body 60-64; forearm 46-49.5; ear 16-19; 
tragus 2-2.5 ; wing spread 310-340; tibia 15-18 ; foot with claw 10-12. 

Skull: Total length 18-19 ; zygomatic width 10.5-11. width of brain 
case 8.5-9; maxillary width (m8 -m8 ) 8-8.5; length of upper tooth row , 
(c-m8 ) 6.5-7 ; length of l~wer tooth row (c-ms ) 7-8 ; length of mandible 
12-13. 

Distribution of subspecies (Text-figs. 18 & 21 A) : RAJASTHAN: Sirohi 
District. Elseo/here: As above. 

Family VII. VESPERTILIONIDAE 

(Text-fig. 12) 

Genus (9) Myotis Kaup 

14. Myotis blythi (Tomes) 

(Blyth's Bat) 

Vespertilio blythi Tomes, 1857, Froc. zool. Soc. Land., 1857. p. 53. Type~loe. : Nasirabad, 
Rajasthan. 

Diagnosis of species: Medium-sized; (wing spread 380); noseleaf 
absent; ear ovoid-somewhat pointed, outer margin with a narrow 
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basal1obe; tragus tapering distally; tail covered by interfemoral mem
brane, tip of the tail free ; calcar reaching half w'ay towards the tail 
tip; a narrow calcariallobe present; second finger without claw, having 
only metacarpal bone. Skull without postorbital process ; premaxillaries 
bony and fused anteriorly; parietal crest low, posteriorly developed; 

I 

palate narrowing abruptly behind last molar but not continue laterally ; 
basisphenoid not excavated; crown of ?Dolar marked with transverse 

· 2 1 3 3 furrows. Dental formula: 1f 3' C I' pm 3 ~ 3==38 

-, 5 em 

Text-ng. 12.-Family Vespertilionidae: Barbastella leucomelas darjelingensts Hodgson, 
~ Himachal Pradesh (Simla). External body: (A) Dorsal view. {B} Ventral 

view. 

Distribution of species: EUROPE, TURKESTAN, North-West AFRICA and 
ASIA. 

Systematic note: Blanford (1891) and Thomas (1915a) regarded Vesper. 
tilio dobsoni Troussart (= Vespertilio murinoides Dobson) as an aberrant 
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individual of Myotis blythi. Ellerman and Morrison-Scott (1951) divided 
this species provisionally into three subspecies as follows, of which 
M. blythi blythi Tomes is fO\lnd in Rajasthan. 

M. blythi blythi Tomes.-Nasirabad (Rajasthan) to Simla, Northern 
India. 

M. (1) blythi dobsoni Trouessart.-North-Western Himalayas. 

M. (1) blythi oxygnathus Monticelli.-Europe, Turkestan, North-West 
Africa and South-Western Asia (excluding India). 

Myotis blythi blythi Tomes 

Vespertilio blythi Tomes, 1857, as above. 

Material examined: Known only from the type specimen (in British 
Museum Nat. Hist. not examined). I examined 1 ~ from Chamba, 
Himachal Pradesh. 

Diagnosis of subspecies: As for species above. 

Length: Head and body 63 ; tail 54 ; ear 21.6 ; forearm 53.5 ; wing 
spread 380 ; tragus 1 P ; tibia 25; foot with claw 12. 

Distribution of subspecies (Text-figs. 18 & 21 B) : RAJASTHAN: Ajmer 
District. Elsewhere: As above. 

Genus (10) Eptesicus Rafinesque 

15. Eptesicus serotinus (Schreber) 

( Serotine ) 

Vespertilio serotinus Schreber, 1774, Saugeth. 1 : 167, pl. 53. Type-loco: France. 

Diagnosis of species: Medium sized (wing spread 330-350 mm.) ; 
noseleaf absent; muzzle thick, convex laterally; base of ear not thick
ened ; tragus short, of nearly uniform breadth; rounded at the end; tail 
covered by interfemoral membrane; calcar present; calcariallobe small ; 
second finger without claw, represented by metacarpal and a small phal
anx. Skull with postorbital process not distinct; premaxillaries sepa
rate anteriorly forming palatal emargination deeper than broad; parietal 
and occipital crests not prominent; palate narrowing. behind last molar ; 
basisphenoid not excavated; crown of molar marked with transverse 
furrows; second upper incisor small, on outside of the first incisor and 
separate from canine. Dental formula : 

· 2 1 1 3 
~ 2' c I' pm 2' m 3=32 

Distribution oJ species: Widespread in EUROPE, ASIA, and West 
APBlCA. 
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Systematic note: The following eleven subspecies have been recog-
nised of which E. serotinus pachyomus Tomes is found in Rajasthan: 

E. s. serotinus Schreber .-Europe. 
E. s. turcomanus Eversmann.-Asian U. S. S. R. and Iran. 
E. s. pachyomus Tomes.-Ind"ia (Rajasthan & Kashmir). 
E. s. shiraziensis Dobson.-S. W. Iran. 
E. s. andersoni Dobson.-S. China (Yunnan, Fukien and Chekiand). 
E. s. pallens Miller.-China (Shensi, Chihli, Shantung) and Korea. 
E. s. meridionalis Dal Piaz.-Sardinia. 
E. s. intermedius Ognev.-Northern Caucasus. 
E. 8. brachydigitus Mori.-Nando, Korea. 
E. s. isabellinus (Temminck).-North Africa. 
E. s. pastomus Gaisler.-Afghanista ci 

Eptesicns serotinus pacbyomus (Tomes) 

(Text-figs. 13A, B, C, D ) 

Scotophilus 'Pachyomus Tomes, 18~7, Proc. zool. Soc. :/;Jond., 1857, p. 50. Type-Ioc.: 
" Raj putan a" . 

Material examined_: Rajasthan. None. Other than Rajasthan: 

Kashmir, 2 d' 0', 1 ~. 

Diagnosis of SUbspecies: Same as for species above ; larger tha~ any 
other subspecies. 

Length: 1 &' : Head and' body 64 ; tail 46; forearm 52.8; wing 
spread 350 ; ear 15 ; tragus 6 ; tibia 19 ; foot with claw 13. 

Skull: 1 0 : Total length 20 ; zygomatic width 13 ; maxillary width 
(m8 _mS ) 8.3 ; cranial width 9.5 ; length of upper tooth row (c-m8 ) 7.6 ; 
length of lower tooth row (c-ms) 8.5 ; length of mandible 15.5., 

Distribution of 8ubspecies' (Text-figs. 18 & 21 C): RAJASTHAN:, As 
informed by J. E. Hill (Brit. Mus.) : It seems that Boy's collected the 
specimen in Rajputana, probably near Nasirabad but labelled "India" ; 
I failed to collect it in Nasirabad. Elsewhere: As above. 

Genus (11) Pipstrellu~ Kaup 

16. Pipstrellus mimus Wroughton 
( Indian Pygmy Pipistrelle ) 

Pipistrellus mimus Wroughton, 1899, J. Bombay nat. Hist. Soc., Bombay, 12 (4) : 722. 
Type-loco: !\!aheshkatri, The Danga District, Gujarat. 

Diagnosis of species: Smallest bat in Rajasthan (wing spread 140-200 
mm.) noseleaf absent; muzzle narrow; ear with small basal lobe ; tragus 
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small; taU covered by interfemoral membrane ; calcar weak; calcarial 
lobe small; second finger without claw, having metacarpal, and a small 
ghalanx. Skull small; postorbial process not distinct; premaxillaries 
bony and free anteriorly forming U .. shaped space in the middle; parietal 
and occipital crests weak; palate. ends just behind last molar; basis
phenoid not excavated; crown of the molar'marked with transverse 
furrows ; second upper incisor suhequal to first. Dental formula : 

· 2 1 2 3 
~ 3' G l' pm 2' m 3=34. 

e 
1-= :j mm 

E F GH ..... 

Text-fig. 13.- (A-D) Eptesicus serotinus pachyo'lnus Tomes, O. India,'(Kashmir). Skull : 
(A) Dorsal view. (B) Ventral view. (0) Lateral view., (D) Lower jaw, in 

lateral view; E-H Pipistrellus mimus rnimus Wroughton, ~. Rajasthan 
(Jodhpur), Skull: (E) Dorsal view. (F) Ventral view. (G) Lateral view. (H) 
Lower jaw, in lateral' view; (I-L) Pipistrellu8 dormeri (Dobson), ~ 
Rajasthan (Jodhpur). Skull: (1) Dorsal view. (J) Ventral view. (K) Lateral 

new. (L) Lowe~ jaw, in lateral vieWt 
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Distribution of species: IRAQ.; PAKISTAN; whole of INDIA; SRI LANKA ; 

BURMA, and VIETNAM. 

Systematic note: T'wo subspecies occur as follows of which p. mimus 

mimus is found in Rajasthan : 
P. m. mimus Wroughton.-Distribution as in species above (except 

Assam). 

p. m. principulus Thomas.-Assam (Gauhati). 

Pipistrellus mimus mimus Wroughton 

(Text-figs. 13 E, F, 0, H ) 

Pipistrellus mimus Wroughton. 1899, as above. 

Pipistrellus tnimus glaucillus Wroughton, 1912. J. Bmnbay nat. Hist. Soc., Bombay, 

21 (4) : 769. Type-Ioc.: ]\iultan, Pakistan. 

Mater,ial examined: Rajasthan: Jodhpur Dist. : Jodhpur and Salawas, 
10 co, 26 ~ ~ ; Jaipur Dist.: Jaipur, 1 ~ ; Pali Dist. : Pali, 1 ~ : 
Tonk Dist. : Tonk, 1 o. Other than Rajasthan: INDIA: Bihar : Gaya, 
3 c C, 8 ~ ~ ; Chaibassa, 12 d d', 9 ~ ~ ;' Hazaribagh, 3 0 ~ ,5 ~ ~. 
W. Bengal: Midnapur, 9 0 0, 13 ~ ~ ; Calcutta, 1 d', 2 ~ ~. 
Gujarat: J unagarh, 1 c3', 1 ~ ; Palanpur, 2 d' c. Maharastra: Ratana· 
giri, 1 c. PAKISTAN: Chitral, 1 ~. 

Diagnosis oj subspecies; As for species above. 

Length: Head and body 31-4~; tail 24-35 ; forearm 26-30.5; ear 
9-11 ; tragus 3-4.5; wing spread 140-200; tibia 10-12; foot with claw 
4.5-7. 

Skull: Total length 10.8-11.5; zygomatic width 6.5-7.8 ; width of 
brain case 5.8-6.2; maxillary width (mS-mS) 4.6-5.5; length of upper 
tooth row (c-mS ) 3.6-4.2 ; length of lower tooth row (c-ms) 4-4.9; length 
of mandible 7.2-8.6. 

Remarks: Wroughton (1918) differentiated p. mimus mimus from 
p. m. glaucillus only on the colour (bistre 'brown VS. mouse-grey). My 
examples, from different localities of India and Pakistan, vary greatly in 
colour of fur (pale yellow to dark brown), but the external and skull 
characters do not differ significantly. I regard p. mimus glaucillus W r. 
as a synonym of p. mimus ntimus Wroughton. 

Females collected from Jodhpur have slightly larger feet than males. 

Distribution of subspecies (Text-figs. 18 & 21 D): RAJASTHAN: 

Districts of Jodhpur, Nagaur, Jaipur, Tonk, Pali and Sirohl. The present 
records from Jaipur, Tonk and Pali Districts are new. Elsewhere: I\~ 
above. 
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17. Pipistrellus dormeri (Dobson) 

( Dormer's Bat) 

(Text-figs. 13 I, J, K, L ) 
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Scotozous donneri Dobson, 1875, Proc. zool. Soc. Lond., 1875, p. 373. Type-loc.: Bellari 
Hills, India. 

Pipistrellus dormeri d01'meri Dobs., Ellerman and ~:Iorrison-ScottJ 1951, p. 102.; 
Agrawal, 1972, p. 266 (syn.: Scotozous dorme'ri caurinus Thomas). 

Material exalnined: Rajasthan: Jodhpur Dist.: Jodhpur, 5 0 d, 
10 ~ ~ ; Bha.ratpur Dist.: Bharatpur, 1 0 ; Dungarpur Dist. : Dungar
pur, 2 C C , 2 ~ ~ ; Banswara Dist. : Banswara, 1 C, 1 ~ Other than 
Rajasthan: INDIA: Bihar: Vaisali Dist, : Brahabatta, 1 c ; Gaya Dist. : 
Gaya, 1 ~ ; Singhbhum Dist.: Chaibasa, 1 c. Gujarat: Palanpur, 
1 c. PAKISTAN: Shikarpur, 1 CS, 1 ~. 

Diagnosis of species: Similar to Pipistrellus mimus, but larger (wing 
spread 200-240 mm.) ; muzzle broader. 

Skull larger than I'. mimus ; second upper incisors minute or in some 
cases absent. Dental formula : 

. 2 1 1 2 3 
~ "3 or 3' G I' pm 2' m '3 = 34 or 32 

Length: Head and body 43-54; tail 30-40; forearm 34-37; ear 
11.5-13 ; tragus 4.5-5.2 ; wing spread 200-240; tibia 12-15; foot with 
claw 7-9. 

Skull: Total length 13.5-14.5; zygomatic width 9.8-10.3 ; \vidth of 
brain case 6.7-7.6 ; maxillary width (mS_mS) 6-7 ; length of upper tooth 
row (c-m8

) 5.2-5.7 ; length of lower tooth row (c-ms ) 5.8-6.2 ; length of 
mandible 10.5-11.5. 

Systematic note: Thomas (19150) recognised two subspecies, namely, 
p. dormeri dormeri and p. dormeri caurinus, but Agrawal (1972) finds no 
difference, and I agree with him. 

This species has been referred by various authors to genus ScotozOU8 
on the basis of i 2 being absent. But most of the Rajasthan and GUjarat 
specimens of dormeri have i 2 present (except a few) and various recent 
authors e.g., Ellerman and Morrison-Scott (1951), Brosset (19620), 
Prakash (1963a) and Agrawal (1967, 1972) have kept it under genus 
Pipistrellus and I accept this latter view. 

Distribution of species (Text-figs. 19 & 21 E ): RAJASTHAN.-Distri
cts of Jodhpur, Dungarpur, Banswara and Bharatpur. The present 
record from Dungarpur, Banswara and Bharatpur Districts are p,ew 

~ 
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(See also Sinha, 1975). Elsewhere: Central and Western INDIA (inclu
ding Bihar and West Bengal); also PAKISTAN and TAIWAN. 

Genus (12) Hesperoptenus Peters 

18. Hesperoptenus tickelli (Blyth) 

(Tiekell's Bat) 
(Text-figs. 14 A, B~, D)' 

Nycticejus tickeZli Blyth, 1851, J, Asiat. Soc. Be1'Lgal, Calcutta, 20 : 157. Type-Ioc. :, 
Chaibassa, Bihar, India. 

Hesperoptenu.~ tickelli El., Wroughton, 1918, p, 593. 

Text-fig. 14.-(A-D} HesperoFfenus tickelli (Blyth), d'. l\fadbya Pradesh (Surguja). Skull : 
(A) Dorsal view, (B) Ventral view. (0) Lateral view .. (D) Lower jaw, in 
lateral view; (E-II) BarbastelZa le'llcmnelas darjeZingensis Hodgson, ~ 
Himachal Pradesh (Simla). Skull: (E) Dorsal view. (F) Ventral view (G) 
Lateral view. (H) Lower jaw, in lateral view; (l-L) Scotophilu8 kuhli-i 
kuhlii . Leach, ~ Rajasthan (Bbaratpur). Skull: (1) Dorsal view. (J) Ven
tral view; (K) Lateral view. (L) Lower jaw, in lateral view; (l\f-P) 
Scctophilus heathi heathi Horl)field, is. Rajasthan (Bbaratpur). Skull: 
(1\£) Dorsal view. (N) Ventral view. (0) Lateral view. (P) Lower jaw, 
~n lateral view. 
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Material examined·: Rajasthan: None. Other than Rajasthan: 

INDIA: Madhya Pradesh: Surguja, 1 c. Orissa: Kashipur, 2 0' 0' , 
4 ~ ~. Bihar: Singhbhum District: Koira, 1 (j. BURMA: Tenasserim, 
1 c. 

Diagnosis of species: Size medium; wing spread 340 mm. ; noseleaf 
absent; muzzle broad; ear larg~, with posterior margin thickened at 
base and forming, a lobe; tragus present; tail completely covered by 
interfemoral membrane; calcar prominent; second finger without claw, 
having metacarpal bone and a small phalanx, Skull broad; postorbital 
process very small; premaxillaries fused posteriorly with each other and 
with the maxillae; anteriorly free and forming a U-shaped space; 
sagittal and parietal crests prominent but not making a knob-like struc
ture as in Scotophilus ; palate narrowing beyond the last molar and ending 
posteriorly in a triangular structure; basisphenoid slightly excavated on 
both sides; crown of molars marked with. transverse furrows; outer 
upper incisor crowded inward between inner incisor and canine. Dental 
formula: 

.2 1 1 3 
~ 3' cI' prn 2' m 3 = 32 

Length: Head and body 60-76; forearm 54-58 ; ear 15-19 ; tragus 
5.5-7 ; wing spread 340 ; tibia 20-25 ; foot with claw 10-12. 

Skull: Total length 18.4-19.5 ; zygomatic width 14.2-15.1 ; width of 
brain ca~e 9.2-10.1 ; maxillary width (mS _m8 ) 9.5-10 ; length of upper 
tooth row (c-mS ) 7.3-8.1 ; length of lower tooth row (c-ms) 8.6-8.7 ; 
length of mandible 14.5-15.9. 

Distribution of species (Text-figs. 19 & 21F) : RAJASTHAN: Wroughton 
(1918) and Ellerman and Morrison-Scott (1951) include "Rajputana" 
(==Rajasthan) in its range of distribution but no precise localities are 
mentioned. I have not been able to collect any' example but as informed 
by J. E. Hill (Brit. Mus.), the exact locality of this species is Nasirabad 
(Rajasthan). Else~ohere: Almost the whole of INDIA (including the 
Andaman Islands), BURMA, SRI LANKA; Hill and Th0Il:glongya (1972) 
extend it to THAILAND. 

Genus (13) Barbastella Gray 

19. . Barbastella leucomelas (Cretzschmar) 

(Bar bastelle) 

Vespertilio leucomelas Crt:tzschmar, 1826, in Riippell, Atlas Reise nj-j'rdl. Afr~ka. Saugeth., 

p. 73, pI. 286. Type-Ioc.: Israel. 
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Diagnosis of species: Medium-sized (wing spread 260-270 mm.); 
noseleaf absent; upper surface of rostrum concave; ears long and 
joined, base thickened; tragus taperi~g distally; tail entirely enclosed 
in the inter femoral membrane; calcar weak; calcarial lobe small; 
second finger without claw, represented by metacarpal and a small 
phala~. Skull small without postorbital process; premaxillaries bony, 
fused with maxillae, anteriorly free but close to each other and forming 
a cres~ent space; frontal surface concave sloping anteriorly; parietal 
and occipital crests not prominent; palate ends just behind last molar; 
basisphenoid not excavated; crown of molar marked with transverse 
furrows; second upper incisor smaller but above the cingulum of the 
first. Dental formula : 

.2 1 2 3 
~3' c I' pm 2' m 3=34 

Distribution oj species: Israel; Southern most part of USSR; CHINA; 
JAPAN; NEPAL; and North INDIA. 

Systematic note: Two subspecies are known as follows, of which 
B. leucomelas darjelingensis Hodgson occurs in Rajasthan: 

B. l. leucomelas Cretzschmar.-Israel. 

B. l. darjelingensis Hodgson.-Distribution as in species above, except 
Israel. 

Barbastella leucomelas darjelingensis Hodgson 

(Text-figs. 12 14E, F, 0, H ) 

Plecotus darjelinyensis Hodgson, 1855, in Horsfield, Ann. Mag. nat. Rist., London, 16 : 
103. Type-loc. : Darjeeling, W. Bengal. 

Barbastella leucorn,r:las darjelingensis Hodgs., Ellerlnan and 1\:Iorrison-Scott, 1951, p. 176. 

1J'iaterial examined: Rajasthan: None. Other than llajasthan.-Jammu 

and Kashmir: Gilgit, 2 3' 3', 1 9 ; Yangi Dawar, 1 0'. Himachal 
Pradesh: Simla, 1 ~. Uttar Pradesh: Mussoorie, 1 0', 1 ~ W Bengal: 
Darjeeling, 1 0', 2 ~ ~ Sikkim: Lachen, 1 ~. 

Diagnosis oj sub8pec1:el~: As in species above. 

Length: Head and body 50-59; tail 44-50; forearm 41-46; ear 
18-19 ; tragus 9-10 ; wing spread 260-270 ; tibia 18-21; foot with claw 
8-11. 

Skull: Total ~ength 15-15,5; zygomatic width 8-8.8. width of brain 
case 7.5-8 ; maxillary width (m -m8 ) 6-6.9 ; length of upper tooth row 
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(c-mS
) 5; length of lower tooth row (c-ms ) 6; length, of mandible 

10-10.5. 

Distribution of subspec'ies (Text-figs. 19 & 21 G ): RAJASTHAN: 
Wroughton (1918) and Ellerman and Morrison-Scott (1951) include 
"Rajputana" (= Rajasthan) in its range of distribution. I have not been 
able to collect a~y example but as informed by J. E. Hill (B. M.) the 
specimen in British Museum is probably from Nasirabad but labelled as 
"India". Elsewhere: As above. 

Genus (14) Scotophilus Leach 

20. Scotophilus kublii Leach 

(Lesser Yellow Bat) 

Scotophilus kuhlii Leach, 1821, Trans. Linn. Soc. Lond., 13 : 69, 71. Type-Ioc. : India. 

Vesperti,liD tem,mincki Horsfield, 1838, Zool. Res. Java. Type-loc. : Western Java. 

Diagnosis of species: Medium-sized (wing spread 270-290 mm.); 
noseleaf absent; muzzle short; ear with a distinct basal lobe, longer 
than broad; tragus long, pointed and curved inwards; tail covered by 
interfetnoral membrane; calcar weak; c~lcarial lobe small; second 
finger without claw, having metacarpal and a small phalanx. Skull with 
small head-like postorbital ridge; premaxillaries bony and free anteriorly 
forming deeper space than broad; parietal arid occipital crests prominent 
forming at their junction behind a prominent projection; palate narro
wing behind last molar and ends in the form of triangular spine ; basis
phenoid not excavated; crown of molar marked with transverse furrows. 
Dental formula : 

. 1 1 1 3 30 
~ 3~ c I' pm 2' m '3 = 

Distribution of species: PAKISTAN; INDIA; BANGLA DESH~; SRI LANKA ; 
BURMA; S. W. CHINA; THAILAND; MALAYA; Java; Bali; Borneo; 
and PHILIPPINES . 

. Systematic note: This species is divided into five subspecies as 
follows, of which S. K. Kuhlii (= S. t. wroughtoni) is found in Rajasthan. 

S. k. temmincki Horsfield,-Malaya Peninsula; Java; Bali; Borneo; 
and Philippines. 

S. k. castaneus Gray.-Malacca, Borneo, Annam and Burma 

(Tenasserim) . 

S. k. kuhlii Leach (= S. t. wroughtoni Thomas).-Pakistan, India, Sri 
Lanka and Burma. 

S. k. consobrinus J. Allen.-S. W. China; Taiwan. 
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s. k. gail'dueri Kloss.-Thailand. 

Siddiqi (1961, example in British Museum) recognises S. temmincki 
(S. kuhUi) from W. Bengal and East Pakistan (= Bengladesh) as S. t. 
castaneus (S. k. ,castaneus)~ but Sinha (1970) identified West Bengal 
(Midnapore) specimens as S. f. wroughtoni (S. k. kuhlii) , is widely distri
buted in India, Sri Lanka and Burma. 

Hill and Thonglongya (1972) have synonymised S. temmincki with 
,the earlier S. kuhli Leach, 1822. If S. kuhli is accepted and since the 
type of kuhli comes from India, the Indian form would be as kuhli kuhli 

with wroughtoni Thomas as its synonym. 

Scotophilus kuhlii kuhlii (Thomas) 

(Text-figs. 14 I, J, K, L ) 

Scotophilus kuhlii Leach, 1821, Trans. Linn. Soc. Land., 13: 69, 71. Type-Ioc: India. 
Scotophilus 'Wroughtoni Thomas, 1897, J. Bombay ?lat. Hist. Soc., Bombay, 11 : 275, Type

loco : Kiln, Surat District, Gujarat. 

MateriaZ examined: Rajasthan: Bharatpur Dist.: Bharatpur 1 ~. , 
Other than Rajasthan.-INDIA: Bihar: Hazaribagh Dist. : Lohta, 1 ~, 
3 ~ ~ and 1 d, 2 ~ ~ '(young). West Bengal: Midnapore, 3 ~ cJ , 
3 ~ ~ BURMA: 2 de, 2 ~ ~. 

Diagnosis of subspecies: This subspecies is separable from others 
by the white undersurface. 

Length: Head and body 63-66; forear~ 45.7-51 ; ear 12-15 ; tragus 
6.8 ; wing spread 270-290 ; tibia 18-20 ; foot with claw 9-11. 

Skull: Total length 18-19 ; zygomatic width 12.5-13 ; width of brain 
case 9-9.4 ; maxillary width (m8 -m8 ) 8.3-9 ; length of upper tooth row 
(c-m S) 6-6.5 ; length of lower tooth row (c.;.ms ) 7-7.5 ; length of mandible 
13.5-14. 

Distribution of subspecies (Text-figs. 19 & 21 H): RAJASTHAN: 
Bharatpur (See also Sinha, 1975). Elsewhere: INDIA: Gujarat, Madhya 
Pradesh, Uttar Pradesh; Bihar" West Bengal and Sikkim. Extra-India :' 
PAKISTAN, SRI LANKA and BURMA. 

21. Scotophilus heathi (Horsfield) 

(Greater Yellow Bat) 

Nycticejus heathi Horsfield, Proc. zool. Soc. Lond. 1831, .p. 113. Type-loe.: Madra.: 
India. 

Diagnosi8 oj species; Larger than S. kuhlii (wing expanse 290-370 
mm.) otherwise similar. Skull similar to S. kuhlii but lar~er. 
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Distribution of species: From PAKISTAN, INDIA, SRI LANKA, BURMA 
and Hainan, South-East up'to Celebes. 

Systematic note: According to Tate (1942), this species is ~ivided 
into four subspecies, namely heathi Horsfield, belangeri Geoffroy, 
insularies Allen and celebensis Sody. Siddiqi (1961) finds no difference 
between S. h. heathi and S. h. belangeri, and I agree. 

The three known subspecies are distributed as follows, of which S. h. 
heath';, is found in Rajasthan. 

S. h: heathi Horsfield (syn. Vespertilio belangeri I. Geoffroy). Distribu
tion as mentioned above in the species, except Hainan and Celebes. 

S. h. insularis Allen.-Hainan Is. 

S. h. celebensis Sody.-Celebes. 

Scotophilus heathi heathi (Horsfield) 

(Text-figs. 14 M, N, 0, P) 

Nyct1cejus heat7~i, Horsfield, 1831, as above. 
Scotophilus heath';' heath';' (Horsf. " Siddiqi, 1961, p. 450. (syn.: Vespertil10 belanger, 

Geoffroy' . 

Material examined: Rajasthan: Jodhpur Dist. : Jodhpur, 1 0, 1 ~ ; 
Jhunjhunu Dist. : Nangal village,1 ~; Alwar Dist. : Perbeni village, 1 0 ; 
Bharatpur Dist.' : Bharatpur, 1 0, 2 ~ ~ ; Ajmer Dist. : Rajgadh, 2 0 0 , 
1 ~ ; Sawai Madhopur Dist. : Sawai Madhopur, 1 0 ; Dungarpur Di·st. : 
Dungarpur and Surpur, 4 d' 0, 3 ~ ~ ; Banswara Dist.: Banswara, 
4 0 0, 10 ~ ~ ; Bundi Dist.: Bundi and Sikar Burz, 2 0 d, 2 ~ ~. 
D.ther than Rajasthan. INDIA: Gujarat: Palanpur, 2 ~ ~. Andhra 
Pradesh: Nagarjuna Sagar 1 o. Bihar: Darbhanga, 1 0 ; Hazaribagh, 
1 0, 3 ~ ~ ; Purnea, 1 0, 1 ~. Assam: 2 0 0 . BURMA: Pegu, 
4 Jd',3 ~~. 

Diagnosis of subspecies: As in species above. Though Tate (1942) 
and Ellernlan and Morrison-Scott (1951) separated S. h._ insularis and 
B. k. celebensis fram S. h. heathi on geographical hiatus, I could not find 
any differences between them from the description given by the author~. 
However, I cannot say anything definitely about their status until 
topographical material of S. h. insularis and S. h. celebensis is studied. 

Length: Head and body 72-82 ; forearm 55-64; ear 16-19 ; tragus 
8-10 ; wing spread 290-370 ; tibia 21-27 ; foot with claw 10-14. 

Skull: Total length 20.5-22; _ zygomatic width 15-16.8; \vidth of 
brain case 10-11.9; maxillary width (m S -m8

) 9.2-10.5 ; length of upper 
tooth row (c-rn8 ) 7.2-8; length of lower tooth row (c-ms) 8.4-9 ; length 
of mandible 15-16.2. 
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Distribution of subspecies (Text-figs. 19 & 21 I): RAJASTHAN: 

Districts of Jodhpur, Jhunjhunu. Alwar, Dungarpur, Banswara, Bundi, 
Ajmer, Sawai Madhopur and Bharatpur. The records here from ]hunj
hunu, Alwar, Bharatpur, Ajmer, Sawai Madhopur, Dungarpur, Banswara 
and Bundi Districts are new (See also Sinha, 1975). Elseu'here : As above. 

IV. ZOOGEOGRAPHY OF RAJASTHAN BATS 

(a) General 

The geographical distribution of bats is not easy to explain. Three 
factors govern their distribution (Allen, 1939) : (i) the means of locomo
tion ; (ii) the history of the land areas they inhabit; and (iii) their 
individual species preferences in respect to climate, food and other 
conditions of life. 
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Text-fig. 15.-l\iap of Rajasthan {General}. 

Being flying animals, bats can extend their distribution more rapidly 
than nonflying, land-dwelling animals. And so they cover a wide range, 
but this is true only for the migratory species. Most bats remain confined 
to a particular restricted region and, in general, show no tendency to 
extend their bound. Thus, species inhabitin~ island ~roups tend to 
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remain there, and a fter sometime develop small characteristic differences 
from their main land relatives, and in this way new races or species may 
arise through isolation. In the case of widespread species, climatic 
differences of inhabited areas acting on populations may bring about 
slight but perceptible changes, and thus variations in fur colour, cla\vs, 
etc. arise. Such changes, have been noted in many Indian

l 
species also 

(Andersen, 1917 ; Brosset, 1962b ; Sinha, 1973 ; etc.). 

In Rajasthan, which is the westernmost State (Text-fig. 15) of India, 
there may be two possible factors which govern their distribution : 

(i) The hot, arid, desert area of western Rajasthan is not suitable 
for fruit-eating bats (Megachiroptera), and -no bats of this group have 
in fact been recorded frorn the region though three species, viz., Pteropus 
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Text-fig. I6.-Distribution of bat in Rajasthan. 

gigante'lts, Rousettu8 leschenaulti and Cyno pterus sphinx occur in the semi 
arid and wetter eastern part of Rajasthan. The arid region, however, 
is suitable for many insectivorous bats (Microchiroptera: species of 
Taphozous, Rhinopoma, Rhinolophus, etc.), which are actually found here. 
Some insectivorous species of the genus Pipistrellu8, Scoto$1hilu8, Myotis, 

7 
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etc., which prefer areas near thickly populated human ~abitation (towns) 
or w~odland (near villages) have also not been recorded from the desert 
areas. 

(ii) The Aravalli range, which cuts across Rajasthan diagonally 
southwest to northeast, divides the land into two ~nequal and climati
cally different halves. Its maximum height is c. 1722 m. above mean 
sea-level, and only c. 664 m. above the adjoining ground. It is doubtful 
whether these relatively low range of hills can serve as a barrier for 
distribution of bats. Most of the insectivorous bats and the large flying 
fox (PteropuB yiganteu8) which occur in the eastern part of the Aravalli 
hills are also found west of it. 

The physiography, climate, geology, etc. of Rajasthan, a smmary of 
which will be found in the account of Roonwal (1969) and of a number
of others authors, may possibly affect the distribution of the bat fauna 
in this large tract, but no clear evidence of such effect has so far been 
brought forward. 

The world bat fauna comprises 18 families, with some 168 genera. 
Of these, eight families are confined to the New World, seven to the 
Old World, and three are common to both the hemispheres. In 
Rajasthan, altogether seven families (four from the Old World group 
and three from.the 'common' group) are found; they contain 21 species 
(Fig. 22) which, in zoogeographical origin are partly Palaearctit (23.8%) 
and mainly Orien tal (76.2%), as discussed below. 

Family 1. PTEROPODIDAE 

1. Genus Pteropu8 Brission 

This large genus is found in the Australian, Papuan, Oriental, 
Palaerctic (poor) and Malagassy regions, though most of its species are 
centred in Indonesia w4ich is probably its place of origin whence it 
spread eastward to Australia and the Pacific Islands, north up to Japan 
(one species) and west as far as India. It is absent on the mainland of 
Africa but is present in Madagascar and a few other Indian pcean 
Islands. As mentioned by Allen (1939), four species from Madagascar 
and Comoro Islands are re~ated more to the Malayan fauna than to 
that of India and Sri Lanka. Allen was of the view that they either 
arrived in Madagascar as wind blown waifs from the east; or populated 
this large island from Africa in early geological times and then become 
extinct on the African mai~land. These conclusions are tentative, and 
the genus stands in need of revision. 

The single Rajasthan species, p. g1'yanteus, is widely distributed in 
India, Sri Lanka and Burma. In Rajasthan it occurs on both sides of the 
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Aravalli Hills, but not further west in the arid region. It is close to the 
Indo-Malayan species p. vampyru8, 
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• Taphozous p. perforat 
o T. f. longi manus 
• 1: k.kachhensis 
A Megaderma I. lyra 

~ Rhino'pphu5 I. lepldus 

• HippoS'Jderos f. palHdus 

Text-fig. 17.-Distribution of bat in Rajasthan. 

2. Genus Rou8ettu8 Gray 

This is a small genus of fruit bats with 9 species occurring in the 
Palaearctic, Ethiopian, Malagassy, Oriental, Australian and Papuan 
regions. 

Its origin may be in the Oriental Regi<?n where it is widespread. The 
sole Rajasthan species, R. leschenau,lti (absent in the west~rn desertic 
portion) is widespread in India and Sri Lanka. 

3. Genus Oynopterus F. Cuvier 

This genus with three species is mainly Oriental in distribution which 
is probably its place of origin. The sole Rajasthan species, O. sphinx, is 
generally found in forested areas. 

Family 2. RHINOPOMATIDAE 

4. Genus Rhinopoma Geoffroy 

This is perhaps the most primitive genus among the Microchiroptera, 
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and contains only three species, R. microphyllum" R. muscatellum and 
R. hardwickei. It is widespread in the subtropics and the tropics (from 
Mauritania, ac~oss India and Burma to Sumatra). It avoids forests and 
is generally found in the drier areas. Both occur in Rajasthan on both 
sides of the Aravallis and also ext~nd into the Indian Desert. In origin 
it is Saharan. R. microphyllum has three recognizable subspecies. Of 
the four present subspecies ,of R. hardwickei, three occur in Iran, Arabia, 
Palestine, Egypt and the Sudan and the fourth, R. h. hardwickei, in India, 
Burma and Thailand. 

Fami]y 3. EMBALLONURlDAE 

5. Genus Taphozous Geoffroy 

This genus, with some 13 known species and numerous subspecies, is 
widespread: Palaearctic (2), Ethiopian (4), Oriental (4) and Australian 
(3). Over 54% of the species are centred in Indonesia where the genus 
proqably originated. 

Among three species of Rajasthan T. perforatus i& African extending 
to India and T. longimanus and T. kachhensis are Ori~ntal both in their 
modern distribution and probably also in origin. ,Among four subspecies 
of T. longimanus, three are found in Java, Borneo and Flores while the 
fourth T. l. longimanus, is found in India (including' Rajasthan), Burma, 
Sri Lanka, Mal~yasia and Sumatra. Of th~ee suqspecies of T. 'kachhensis, 
two occur in India and Burma, and the third in Iraq. 

Family 4. MEGADERMATIDAE 

6. Genus Megaderma F. Geoffroy 

This genus, with two species ( .. 7Jt1. spasma and M. lyra) and numerous 
subspecies, is Oriental in modern d~stribution. M. spasma, the more 
primitive of the two, is widespread in Indo-Malaya (most of its sub
species centre there) which may be place of origin of the genus; 
it does not occur in Rajasthan. M. lyra, the sole Rajasthan species, has 
two subspecies; M. l. lyra- (all-India, Burma, Sri Lanka) and M. l. 
sinensis (Malaysia and S. China). 

Family 5. RHINOLOPHlDAE 

7. Genus Rhinolophus Lacepede 

This large genus, with some 69 species, is widespread in the follow
ing regions: Australian (8), Oriental (40), Ethiopian (19) and Palaearctic 
(2). Though the Australian species, R. megaphyllus, is the most primi
tive (in dentition, Andersen, 1905) the genus is, for a variety of reasons, 
not likely to have originated there. Andersen considered the Indo
Australian transitional tract (now broken up into numerous large and 
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small islands and still inhabit by many primitive forms) as its place of 
origin, but the genus seems to have originated in the Oriental region 
where its greatest concentration lies and whence it spread on the one 
side in the Australian and on the other to the African region. 

The sole Rajasthan species, R. lepidus, is Oriental (India, Burma and 
Indo-China) in modern distri~ution and probably also in origin. 

S. Genus Hippos?'deros Gray 

This large genus, with some 125 species and subspecies, is found in 
the following regions: Ethiopian (22), Malagassy (1), Oriental (76), 
Australian (23) and Papuan (3). Its place of origin is not clear but was 
probably Indo-Malaya where the genus is largely centred today. Hill 
(1963) gathered these forms into seven groups. . 

The sole Rajasthan species, H. fulvus, belongs to the bicolor-group 
(which has both Oriental and Ethiopian representatives) ; the Rajasthan 
species is exclusively Oriental. Of its two subspecies, H. J. fulvus is 
found In 'Sri Lanka, South India, West Bengal, Sikklm, Assam, 
Burma, Thailand and Vietnam, and H. J. pallidus in Central and 
Western India (including Rajasthan) and Pakistan (Baluchistan). 

Family 6. MOLOSSIDAE 

9. Genus Tadarida Rafinesque 

\ 

This genus, with some 32 species, is widespread in the following 
regions: Neotropical (3), Nearctic (3), Oriental (4), ... ~ustralian (9, 
including 2 which also occur in the Papuan region). Geologically, it 
"first appeared in Oligocene (Blair, 1968). Its zoogeographical origin is 
not clear and was probably Australian. Species ,of the subgenus 
Mormopteru8 are distributed in Australia, Africa, Madagascar and South 
America, but are absent from India ; the South American species are 
related to the African, but the actual route of dispersal, which probably 
took place in the Tertiary times (Allen, 1939), is not clear. 

Two species, T. aegyptiaca and T plicata, occur in Rajasthan. Of 
three recognised subspecies of T. aegyptiaca, T. a. sindica is found in 
Pakistan (Sind), T. a. thomasi in India (including Rajasthan) and T. a. 
aegyptiaca iJ;l Egypt. A~~ng five subspecies of T plicata, two are 
widel y distributed in Or~ental region and the rest are in Australian 
region. 

Family 7. VESPERTILIONIDAE 

10. Genus Myotis Kaup 

This is the most primitive vespertilionid genus, and contains some 
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48 species. It arose early, its fossils being known from the Eocene and 
the Oligocene of France (Allen, 1939). In distribution it is widesprecrd, 
almost cosmopolitan, and has been recorded from the following regions: 
Neotropical (2), Nearctic (13), Palaearctic (15), Ethiopian (8), Oriental (8) 
and Australian (2). The genus is cold-loving and most lof its species 
are found in the Palearctic and the Nearctic regions. Its origin is 
Palaearctic (probably. central Europe) from where it spread in both 'the 
hemispheres. 
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• Tadarlda a.thomas. 
o T. p. pJlcata 

• Myotis b.blythl 
A Eptesicus s. pachyomus 

$ Ptplstrellu$ m. mimus 

Text-fig. 1S.-Distribution of bat in Rajasthan. 

The sole Rajasthan species, M. blythi, is also Palearctic. Of its three 
subspecies, two are widespread in the Palaearctic region, while the third, 
M. b. blythi occurs in Eastern Rajasthan and Himachal Pradesh but' 
is rare. 

11. Genus Eptesicus Rafinesque 

Like the previous one, this genus, with about 30 species, is also 
cosmopolitan but it prefers a warm climate. It is found in the Neotrd
pical, Nearctic, Palaearctic (rich), Ethiopian, Malagassy, Oriental and 
Australian regions. It is relatively recent in origin and first appeared in 
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the Pleistocene (Blair, 1968). It probably arose in the Palaearctic region 
where it is best represented today. 

The single Rajasthan speci~s, E. serotinus, is nlainly Palaearctic in 
modern distribution and probably also in origin ; of its 11 subsp ecies, 
10 occur in the Palaearctic region (one E.s. andersoni, extends to the 
Oriental), and one" E. s. pachyomus, is found in northwestern India, 
including eastern Rajasthan. 

12. Genus Pipistl'ellus Kaup 

This genus, with some 40 species, cosmopolitan and prefers a warm 
climate; it first appeared in the Pleistocene (Blair, 1968). It is found in 
the Nearctic, Palaearctic, Ethiopian, Malagassy, Oriental (rich) and 
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A Scotophl us k·kuhllt 

• S. h.heathi 

Text-fig.19.-Distribution of bat in Rajasthan. 

Australian regions. It probably arose in the Oriental. region (Indo
Malayan) where its greatest concentration today lies. The two Rajasthan 
species, p. mimus and p .. dormen:, prefer wood~d areas near thick human 
habitation, and both are exclusively Oriental. 

13. Genus Hesperoptenu8 Peters 

This small genus, with four species~ is today confined to the 



56 Records of the Zoological Survey oj India 

Oriental ,region which is probably its place of origin. The dis-tribution 
is as follows : 

H. tickelli : Eastern Rajasthan ; Peninsular India ; Burma ; Sri Lanka. 

H. blanjordi: Southern Burma (Tenasserim); North Thailand 
Malay Peninsula. · 

Text-fig. 20. Full distribution of spedes (dots and dashes) and subspecies (dotted line) of 
bats of Rajastha.n: (A) pteropus gigante'Us giganteus (Biiinnich). (B) 
Ro'Usettus leschenaulti (Desmarest). (0) Cynoptfrus sphinx sphinx (Vahl). 
(D) Rhinop01na 'I1ticrophyllu1n kinneari Wroughton. (E) R1zinopo'l'na 

hardwickei ha'rdwickei Gray. (F/) Ta:p~ozous perforatus perforatus E. 
Geoffroy. (G) Taphozous longi1nanus longi1nanus Hardwicke. (H) Taphozous 

kachhensis kachltensis Dobson. (i) Megader·ma lyra lyra Geoffroy. (J) 
Rhinoloph'lts lepidus le!piclus Blyth. (K) Hipposideros fulvus pallidus 
Andersen. (L) Tadarida aegY1tiaca, tho~nasi Wroughtoll. ' 
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Text-fig. 21. :lPull distrIbution of species (dots and dashes) and subspecies (dotted line) of 
bats of Rajasthan: (A) Tadarida plicata plicata (Buchanan). (B) Myotis 
blythi blythi Tomes. (0) Eptesicus serotinus pachyomus Tomes. (D) Pipis
trellus mimus mimus Wroughton. (E) Pipistrellus dormeri (Dobson). (F) 
Hesperoptenus tickelli (Blyth). (G) Barbastella leucomelas darjelingensis 
Hodgson. (H) Scotophilus kuhHi kuhlii Leach. (I) Scotophilus heath,'i he"ehi 
(Horsfield). · 
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H. tomesi: Malay Peninsula and Borneo. 

H. doriae: Malaya and Borneo. 

14. Genus Barbastella Gray 

This Palaearctic genus has two species of wJ:1ich one extends to the 
Oriental region. It probably arose in the north and migrated south to 
India. The sole Rajasthan species contains two subspecies : B. Z. leuco
melas is Palaearctic, and B. l. darjelingensis Oriental (including 
Rajasthan ). 

15. Genus Scotophilus Leach 

This genus contains only three recognised species, 1 Ethiopian and 
2 Oriental (of the latter, one extends east to the Celebes). It probably 
arose in the Oriental region. The two Rajasthan species are 8. 
leuhlii (= 8. temminclei) and S. heathi. Of the 4 subspecies of S. kuklii 
(=8. temmineki), 3 occur in Indo-Malaya, the fourth, S. le. kuhlii in 
Pakistan, India (including eastern Rajasthan), Burma and Sri Lanka •. 
8. heathi contains three subspecies, of which two occur in Hainan I$land 
and Celebes, while the third, S. h. heathi, occurs in India (including 
Rajasthan), Burma and Sri Lanka. 

(b) Discussion 

Zoogeographical composition 

From the above analysis, it will be seen that the 21 Rajasthan bats 
are composed of two zoogeographical elements, viz., the Oriental (15 
species or 76.2%) and the Palaearctic (6 species or 23.8%). No species 
is endemic to Rajasthan. Twelve out of 21 species occur in the desert 
portion of Rajasthan; among them 9 (750/0) are Oriental, and 3 (25%) 
Palaearctic. Earlier, Prakash (1963, 1973), on more restricted material 
(9 or 10 speci.es), had given a higher proportion of the Palaearctic 
element (36-40%). 

From the above analysis it may also be concluded that a number of 
Rajasthan genera are, chiefly Oriental and to a· much lesser extent 
Palaearctic. 

SUMMARY 

1. This paper gives briefly taxonomic characters of the external 
body parts and skull of 21 species and subspecies of Rajasthan bats 
belonging to the following seven families :-Pteropodidae, Rhinopo
matidae, Emballonuridae, Magadermatidae, Rhinolophidae, Molossidae 
~nd Vespertilionidae. 
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2. Variations in colour of fur, dentition and measurements of 
external parts as well as skull are discussed. 

3. A synoptic key to Rajasthan bats is given. 

c-. 

Text-fig. 22.-Silhouettes of Rajasthan bats, showing size variation etc. (A) Pteropu8 
giganteus giganteus (Briinnich). (B) Rousettus leschenaulti (Desmarest). (0 1) 

Oynopterus sph~nx sphinx (Vahl) (C~) RhinopO'lna '1nicrophyllum kinneari 
Wroughton. (0) Rhinoponta ha'rdwickei hardwickei Gray. (E) Taphozous 
~erforatus E. Geoffroy. (F) Taphozous longimanus longimanus Hardwicke. 
(G) Taphozous kachhensis kachhensis Dobson. (H) Megaderma lyra lyra 
Geoffroy. (1) Rhinolophuslepiduslepidus Blyth. (J) Hipposiderosful?:uspalli
dus Andersen. (K) Tadarida aegyptiaca thomasi Wroughton. (L) Tadarida 
pu,cata plicata . (Buchanan). (M:) Myotis blythi blythi Tomes. (N) Epiesicus 
serotinus pachyomus Tomes. (0) Pipist'l"ellus '1nintus rnimus Wroughton. 
(P) Pi1istrellu~ d01"'lneri (Dobson). (Q) Hesperoptenus tickelli (Blyth). (R) 

. .. 
Barbastella leucomelas darjelingensis Hodgson (S) Scotophilus kuhlii kuhlii 
Leach. (T) Scotophilus heathi heathi {Horsfield). 
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4. The taxonomic status of Pipist1'ellus mimus glaucillus Wroughton 
has been discussed and it has been synonymised with Pipistrellus mimus 
mimus Wroughton. 

5. Three species Oynopterus sphinx sphinx (Vahl), Taphozous longi
manus longimanus Hardwicke and Scotophilus kuhlii kuhlii Leach 
( = 8cotophilus temmincki wroughtoni Thomas), has been recorded for the 
first time from Rajasthan. The range of thirteen other species in Rajas
than has been considerably extended. 

6. The zoogeography of Rajasthan bats is discussed. It is concluded 
that the Rajasthan genera are largely Oriental and to a lesser extent 
Palaearctic. From the point of view of the present day distribution of 
species the Oriental element is 76.20/0 and the Palaearctic 23.80/0' 
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ABBREVIATIONS USED IN FIGURES 
1. EXTERNAL BODY-PARTS 

A~~, anua 
0. "I., anterior noseleaf 
fl. m., ante-brachial membrane 
tal., anti-tragus 
eM., calcar 

0,. tal., central noseleaf 

cI., cla.w 
til, second digit 

dB, third digit 

d~. fourth digit 
a, fifth digit 
,., ear 
",., eye 

'fl. fl., eye pit 
,. a., forearm 

1'., femur 
If'. d., frontal depression of head 

I'. s., frontal sao 

It., foot 
g. 8., gular sa.o 
h., head 
ho., hollow of posterior noselea,f 

hu., humerus 
i. m., interfemoral membrane 

m" muzzle 
?"n. g., men tal groove 

mo., mouth 
~t., metacarpal 

ft., nose 

tat, noseleaf 

flO., nostril 
,., pollex 

'''''., penis 
1hZ., first phalanx 
Ihl, second phalanx 
,. "Z., posterior noseleaf 

It. d., pectoral depression 

nn. p., radio-metacarpal pouch 

t., tibia 
te., teeth 

t.k., tuft of hair in frontal sac 
tI., taU 
W., tragus 

to., tonpe 

V" vagina. 

w. m., wing membrane 

SKULL 

iI, first incisor 

i2, second incisor 
c., canine 

pm1, first premolar 

pm2, second premolar 

ml-m4, first to fourth molar 
1, nasal 

la., nasal sulcus 

2, premaxilla 

S, infraorbital canal 
4, lachrymal foramen 
5, frontal 

6, frontal depression 

7, postorbital process 

7 a, postorbital canal 

'8, maxilla 

9, parietal 

10, parietal crest 
11, Zygomatic process (of maxilla) 

12, squamosal 
13, supraoccipital 

14, supraoccipital crest 

15, zygomatic process (complete) 

16, palatine 

17 I basisphenoid 
18, basisphenoidal pit 

19, pterygoid 

20, auditory orifice 

21, orbitosphenoid 
22, paroccipital process 
28, tympanic bulla 

24, mastoid 
25, hamular process (of pterygoid) 
26, alisphenoid 

27, foramen magnum 
28, occipital condyle 
29, basioccipital 
80, exoccipital 

81, coronoid process of mandible 
82, condyle of mandible 

83, angular process of mandibl~ 
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TERMITES OF MANIPUR, INDIA, WITH NEW 
RECORDS (INSECTA: ISOPTERA) 

By 

A. R. LAHIRI AND A. K. GHOSH 

Eastern Regional Station, Zoological Survey of India, Shillong. 

INTRODUCTION 

Roonwal and Chhotani (1962) described and recorded only two 
termite species from Manipur state of eastern India, viz. Odontoter'mes 
korni (Wasmann) and M icrotermes imphalensis Roonwal and Chhotani. 
The present study, based on surveys during :tv1arch, 1974, and January, 
1976, reveals the existence of nine more species, including one species 
hitherto unkno\vn from India. These are reported here. Many species 

'have common distribution with Meghalaya' (Lahiri et al., 1977). 

SYSTEMATIC ACCOUNT 

(*denotes new record from Manipur) 

Abbreviations used in the text: 1. B., Inspection Bungalow; S, Soldier; S m, Soldier 
major; S min, Soldier minor; W, Worker. 

KEY TO GENERA (Soldier caste) 

1 (4) Mandibles asymmetrical 
2 (3) Tip of left mandible hooked. 
3 (2) Tip of left mandible not hooked. 
4 (1) ~:Iandibles symmetrical. 
5 (6) Mandibles with inner margin serrate. 
6 (5) Mandibles with inner margin not serrate. 
7 (8) Labrum with a hyaline tip. Soldier caste 

dimorphic. 
8 (7) Labrum without a hyaline tip. Soldier caste 

monomorphic. 
9 (10) M:andibles thin and aelicate, concave basally. 
10 (9) l\landibles thick and stout, not concave 

basally. 
11 (12) Left mandible with a prominent tooth on 

inner margin. Basal half of mandible 

smooth. 
12 (11) Left mandible without a tooth. Basal half 

of mandible crenulate. 

Procapritermes Holmgren 
Pericapritermes Silvestri 

!Cicrocerotermes Silvestri 

Macrotermes Holmgren 

Microtermes Wasmann 

Odontotermes Holmgren 

HY'Potermes Holmgrell 
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Family TERMITIDAE 

Subfamily AMITERMITINAE 

*1. Microcerotermes crassus Snyder 

1934. Microcerotermes crassus Snyder, Indian For. Ree., 20 (11) : 22. 

MateriaZ: Two lots, Moreh Reserve forest, ca 8 km. froIn Moreh 
I. B., 20. i. 76, ex. "logs of wood" (i) 7 S, 11 W (ii) 4 S, 20 W, CoIl. 
A.K. Ghosh. 

Distribution: India: Manipur (Moreh Reserve forest, Eastern 
Manipur). Burma (Earlier record is from Burma). 

Remarks: This is the first record from India. 

Subfamily TERMITINAE 

*2. Pericapritermes durga (Roonwal and Chhotani) 

Oapritermes latignathus durga Roon wal and Chhotani, 1962, p. 325. 

Pericapritermes durga (Roonwal and Chhotani) : Roon~al and Chhotani, 1977, p.60. 

Material: Two lots, Moreh Reserve forest, ca 8 km. from Moreh 
I. B., ex. "logs of wood" (i) 7 S, 96 W, 20. i. 76 (ii) 3 S, 17 W, 21. i. 76, 
ColI. A. K. Ghosh. 

Distribution: India: Manipur (Moreh Reserve forest, Eastern 
Manipur), Meghalaya, Bhutan. 

*3. Procapritermes tikadari (Roonwal and Chhotani) 

Pseudocapritermes tikadari Roonwal and Chhotani, 1962, p. 319. 
Proeaprite'lmes tikadari (Roon wal and Chhotani) : Krishna, 1968, p. 304. 

Material: One lot comprising 2 S, 15 W, ca 2 km. from Kongpokpi 
I. B., 16. i. 76, ex. "logs of wood", CoIl. A. K. Ghosh. 

Distribution: India; Manipur (near Kongpokpi I. B., Central 
Manipur) ; Meghalaya. 

Subfamily MACROTERMITINAE 

*4. Macrotermes annandalei Silvestri 

1914. Maerote'rmes annandalei Sil vestri, Ree. Indian Mus., 8 : 427. 

Material: One lot comprising 2' S m, 2 S min, 15 W, Moreh 
Reserve forest, ca 8 km. from Moreh 1. B., 20. i. 76, ex. "under cow
dung" ; CoIl. A. K. Ghosh. 

Distribution: India: Manipur (Moreh Reserve forest, Eastern 
Manipur) ; Meghalaya. Burma~ Thailand~ South China. 
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KEY TO THE SPECIES OF Odontotermes (Soldier caste) 

1 (2) Smaller species (head-length to base of man
dibles le3s than 1.60 mm). Tooth of left 
mandible placed in distal third. . .. O. obesus (Rambur) 

2 (1) Larger species (head-length to base of man

dibles more than 1.60 mm). Tooth of left 

mandible placed in basal half. 

a (4) Tooth of left mandible situated in basal 

third. O. parvidens Holmgren & 

Holmgren 
4 (3) Tooth of left mandible situated near middle. 
5 (6) Head rectangular, not converging in front. 
6 (5) Head suboval, converging in front. 

=t5. Odontotermes feae (Wasmann) 

O. horn;' (Wasmann) 
O.feae (Wasmann) 

1896. Termesfeae Wasmann, Ann. Mus. Stor. nat. Genova, (2), 16 : 625. 
Odontotermes jeae (Wasmann) : Roonwal and Chhotani, 1962, p. 337. 

Material: Three lots, ex. "logs of wood" (i) 1 S, 9 W, ca 2 km. 
from Kongpokpi I. B., 16. i. 76 (ii) 7 S, 18 W, Khuigairok Reserve 
forest, ca 3 km. from Moreh 1. B., 18. i. 76 (iii) 5 S, 8 W, Moreh 
Reserve forest, near Moreh I. B., 19. i. 76, ColI. A. K. Ghosh. 

Distribution: India: Manipur (near Kongpokpi, Khuigairok and 
Moreh Reserve, Central and Eastern Manipur). It is a widely distri
buted species in India, Bangladesh, Bhutan and Burma. 

6. Odontotermes horni (Wasmann) 

1902. Termes horni Wasmann, ZooZ. Jahrb: (Syst.), 17 (1) : 111. 

Odontotermes horni (Wasmann) : Roonwal and Chhotani, 1962. p. 349. 

MateriaZ: Three lots, ex. "logs of wood" (i) 3 S, 10 W, ca 2 km, 
south of Singnat I. B., 25. iii. 74 (ii) 14 S, 9 W, ca 7 km. south of 
Singnat I. B., 27. iii. 74 (iii) 15 S, 50 W, ca 5 km. north of Singnat 1. B., 
28. iii. 74, ColI. K. R. Rao. 

Distribution: India: Manipur (around Singnat I. B., Imphal and 
KanglatongbL Central and Southern Manipur). It is a widely distributed 
species in India and Sri Lanka. 

Remarks: Reported earlier from Manipur by Roonwal (1949) and 
Roonwal and Chhotani (1962) ; recorded here from further south. 

*7. Odontotermes obesus (Rambur) 

1842. Termes obesus Rambur, Hist. nat. Insectes, Ne1.lropteres: 304. 

Odontotermes obesus (Rambur) : Krishna, 1965, p. 24. 
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Material: Two lots, Moreh Reserve forest, ex. "logs of wood" 
(i) 4 S, 12 W, near Moreh I. B., 19. i. 76 (ii) 2 S, 5 W, ca 8 km. from 
Moreh I. B., 20. i. 76, CoIl. A. I{. Ghosh. 

Distribution. : India; Manipur (Moreh Reserve forest, Eastern 
Manipur); Meghalaya~ Assam. Bhutan. 

*8. Odontotermes parvidens Holmgren and Holmgren 

1917. Odontotermes pa1·videns Holmgren, K and Holmgren, N, lvle1n. Dept. Agric. 

(Ent.), 5 : 154. 

Material: Two lots, ex. "logs of wood" (i) 7 S, 2 W, ca 7 km. south 
of Singnat, 27. iii. 74, ColI. K. R. Rao, (ii) 2 S, 5 W, Moreh Reserve 
forest, n~ar Moreh I. B., 20. i. 76, CoIl. A. K. Ghosh. 

Distribution: India: Manipur (near Singnat and Moreh Reserve 
forest, Southern and Eastern Manipur). It is a widely distributed species 
in India, Pakistan, Bangladesh and Bhutan. 

KEY TO SPECIES OF Hypoterme~ (Soldier caste) 

1 (2) Larger species (head length to base of man
dibles m(!)re than 1.30 Inm). 

2 (1) Smaller species (head length to base of man
dibles less than 1.30 mm). 

H. nongpriangi Roon wal 
and Sensarm~ 

H. obscuriceps (Wasmann) 

*9. Hypotermes noogpriangi Roonwal and Sen-Sarma 

1956. Hypoter'lnes nongp"oiangi, Roonwal and Sen~Sarma, Indian J. agric. Bci., 26 
ll) : 21. 

Material: Three lots, ex. "from cowdung" (i) 2 S, 42 W, Kongpokpi 
I. B. compound, 13. i. 76 (ii) 2 S, 5 W , ca 13 km. from Kongpokpi 
towards Impha1, on road side, 14. i. 76 (iii) 3 S, 16 W, Moreh Reserve 
forest, ca 8 km. from Moreh I. B., 20. i. 76, Coil. A. K. Ghosh. 

Distribution: India: Manipur (near Kongpokpi, Central Manipur) ; 
Meghalaya. 

*10. Hypotermes obscuriceps (Wasmann) 

1902. Ter1nes obscuriceps Wasmann, Zool Jahrb. (Byst.) 17 : 113. 
1962. Hypoter1nes obscuriceps (Was mann) : Roonwal and Chhotani, p. 360. 

Material: Two lots, ex. "logs of wood", (i) 15 S, 50 W, ca 5 _km. 
north of Singnat, 28. iii. 74, CoIl. K. R. Rao. (ii) 5 S, 10 W, Moreh 
Reserve forest, ca 8 km. from Moreh I. B., 20. i. 76, ColI. A. K. Ghosh,. 
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Di8tribution; India: Manipur (around Singnat and Moreh Reserve 
forest, Southern and Eastern Manipur); We~t Bengal, Meghalaya. 
Sri L'anka. 

11. Microtermes imphalensis Roonwal and Chhotani 

Microte'rmes i,mphalensis Roon wal and Chhotani, 1962, p. 364. 

Distribution: India: Manipur (Imphal valley, Central Manipur). 
Remarks: Known only from imago; was described by Roonwal and 

Chhotani (1962) from Manipur. 

SUMMARY 

Microcerotermes crassus Snyder has been recorded for the first time 
from India. Eight other species, are first records from Manipur, viz. 
Pericepritermes durga (Roonwal and Chhotani), Procepr-itermes tikadari 
(Roonwal and Chhotani) ~Jacroterme8 annandalei Silvestri, Odontotermes 
feae (Wasmann), Odontotermes oQesus (Rambur), Odontotermes parvidens 
Holmgren and Holmgren, llypotermes nongpriangi Roonwal and Sen 
Sarma and Hypotermes obsGuriceps (Wasmann). Keys for identification 
of the genera and species are given. 
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THE EFFECTS OF VARIOUS TEMPERATURES AND 
RELATIVE HUMIDITIES ON THE SURVIVAL OF 
WORKERS AND SOLDIERS IN ODONTOT ERMES 

MICRODENT ATUS ROONW AL AND SEN
SARMA (ISOPTERA : TERMITIDAE)'f 

By 

V. B. AGARWAL* 

Forest Research Institute & Oolleges, Dehra Dun, U. P., India 

( With 4 Text-figures) 

INTRODUCTION 

The influence of abiotic factors such as temperature and relative 
humidity on poikilothermic organisms has a great bearing on their sur
vival (Bachmetjew 1907, Uvarov 1931, Buxton 1932, Belchradek, 1935). 
Herter (1953) and Precht et ale (19,55) have summarized the information 
on the effect of temperature on insects and other animals. In termites, 
such studies have been reported in Reticulitern~es (Williams 1934, ·Strick
land 1950, Gosswald 1955, Ernst 1957), Kalotermes (Gosswald 1941, 
Becker 1942, Pence 1956, Ernst 1957, Klee 1960, Sen-Sarma 1964), 
Zootermopsis (Ernst 1957) and Nasutitermes (Ernst 1957). In Indian 
termites, the effect of different relative humidity on the survival of 
workers at constant temperature has been investigated by Sen-Sarma 
and Chatterjee (1966) in Microcerotermes beesoni and Sen-Sarma (1969) in 
Heterotermes indicola. Temperature and humidity behaviour of 'any 
species of a fungus growing termites is not known at all. This work was 
taken up with a vietv to fill the existing gap. 

MATERIAL AND TECHNIQUE 

The test termites (workers and soldiers) were collected from New 
Forest, Dehra Dun, as and when required and were sorted out for experi
mental purpose at a constant temperature 27°C + 1 °C in an underground 
cellar. Only healthy termites were selected. 

Different temperatures of 15°C, 20°C, 30°C and 35°C were maintained 
in a "Sew B. O. D. Incubator selecta 8". Different relative humidities 
were maintained by means of saturated solutions of the following salts 
KaSO., KCl, NaCl, Ca(NOa)~, 4H2 0 and Ca C1:l' 6H~O in distilled 

t Part of Ph. D. thesis approved. by l\Ieerut University . 
• Pfesent Add~ess: Northern R~ional Station, Zoolo~ical Survey of India~ Dehr~ Dl.lu. 
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Text-fig. 1. Relative humidity obtained by means of saturated solutions of various 
salts at different temperatures. 
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water (vide Sen-Sarma 196_4) (Text-fig. 1). Hundred per cent relative 
humidity was observed by distilled water. The variation in the relative 
humidity did not exceed ± 2 per cent. The experimental appraratus was 
,designed as follows (i) A glass dish was kept at the bottom of a round 
plastic trough to act the receptacle for the saturated aqueous solution 
of the inorganic salt (ii) A perforated lid was put on the plastic trough. 
(iii) A round glass cover of lesser diameter than the plastic trough was 
put inverted over the perforated plastic lid (Text-fig. 2). The saturated 
aqueous solution of the appropriate inorganic salt was kept in the 
bottom glass dish. 

Ten experimental termites were used either singly or in groups for 
each experiment, and each experiment was replicated six times. No 
food was supplied to the termites during the experiment. Termites 
in groups were periodically examined after death under stereoscopic 
binocular microscope in order to detect mutilation of any body part due 
to cannibalism. 

_ 6ROUP 

c::::J SINGLE 

WORKERS 

100 

15 20 25 30 35 
T E PER A T U R E (OC ) 

Text-fig. 3. Survival period of workers of Odontotermes microdentatus (in:hours) at the 
temperatures 15°0, 20°0, 25°0, 30°0 and 35°0 and at ditIerent relative 
humidities in isolated individuals and in groups. 

RESULTS 

Workers: The average survival period of workers as isolated single 
individuals and in groups is shown in Text-fig. 3. The maximum average 
period of survival of experimental termites is 39.6 hours in groups 
and 29.1 hours in isolated individuals at a temperature of 15°C and 100 
per cent R. H., the lowest is 1.3 hours (in both categot.ies) at 35°C and 
33 per cent R.H. The abdomen of workers has shrunk obviously due 
to loss of water. In general, the survival period is higher in groups tha-n 
in isolated individuals. 

Soldiers: Fig. 4 depicts the average survival period of soldier caste. 
The experimental termites survive for the maximum average period 

:J.Q 



74 Recordl~ of tke Zoological Survey 01 1 ""ala, 

of 40.8 hours in groups and 34.0 hO,urs as isolated individuals at a 
temperature of J5°C and 100 per cent R.H., the lowest is 4.1 hours in 
groups and 3.4 hours as isolated individuals at 35°C and 33 per cent 
R.H. In. general, the survival period is higher in groups tnan in 
isolated individuals. This may probably be due to lower rate of 
water loss from the body surface in soldiers on account of stronger 
chitinization. 

" ~ 25 ~ 

TE HPERAT U R E (-C) 
35 

_ GROUP 

c:::J SINGLE 

Text-fig. ·4. Survival period of soldiers of Odontoter·mes ·microdentatus (iv. hours) at the 
temperatures 15°0, 20°0, 25v O, 30°0 and 35°0 and at different relative 

humidities in isolated individuals and in groups. 

DISCUSSION 

The survival period of both workers and soldiers is higher in groups 
than in isolated individuals and the difference is marked at lower 
temperatures and higher humidities than at the higher temperatures 
and lower humidities. The higher survival period of nueter cas~e in 
groups than in isolated individuals has been noted earlier by Grasse and 
Chauvin (1944), Ernst (1957), Sen-Sarma (1964) and Sen-Sarma and 
Chatterjee (1966). For a giv~n relative humidity, the survival period 
decreased correspondingly with the increase of temperature . and 
for a given temperature, the survival period decreased correspon
dingly with the reduction in the percentage of relative humidity. 
Accotdingly to Ernst (1957), the weight of termites decreases in a 
continuous and linear fashion with the reduction iI;1 humidity, and the 
weight loss is caused primarily due to loss of water content of the body, 
the weight of fat content and dry substances remaining almost constant. 
The shrunken abdomen of experimental termites at lower humidities 
also explain the same. The higher survival of grouped termites has 
been explained by Grasse (1946) as resulting from "Group effect". 
Gt~sse and Chauvin (1944) were of the opinion that du.ration of life 
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in groups increased as a rusult of tactile stimulation. Using radioactive 
tracer techniques, Alibert (1959), GoswaId and KIoft (1963), Sen-Sarma 
and Kloft (1965) explained group effect in terms of trophallaxis. As 
the soldiers can not feed themselves, factors other than trophallaxis 
seems to be involved in higher survival period in groups than in 
isolated individuals. It seems possible that 'huddling' or 'clustering' 
of termites, as explained by Pence (1956), might be responsible fo,r 
higher survival period of grouped soldiers. 
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SUMMARY 

The individuals in group and ten isolated individuals of Odontotermes 
microdentatus were used for each experiment. The maximum survival 
period in groups as well as in isolated individuals in both workers and 
soldiers was observed at a temperature of 15°C and 100 per cent R.H. 
and the minimum survival period / was noted at 35°C and 33 percent 
R.H. The survival period in both workers and soldiers in groups was, 
in general, higher than in isolated individuals in all combinations of 
temperatures and relative humidities. The difference in the survival 
period was more marked at lower temperatures and higher humidities 
than at higher temperatures and lower humidities. The. survival period 
of soldiers was higher than that of workers. 
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A REDESCRIPTION OF DORYICHTHYS DEOCAT A 
(HAM. BUCH.) (PISCES: SYNGNATHIDAE) 

By 

NIBEDITA SEN 

Eastern Regional Station, Zoological Survey of India, 

Shillong 

(With 1 Text-figure) 

INTRODUCTION 

Seven species of Doryichthys Kaup are known from India, Burma 
and Sri Lanka: D. cunculus (Ham.) from estuary that ascends into 
freshwater zones in rivers of p~ninsular India; D. bleekeri (Day) from 
Alwaye river near Cochin, D. deocata (Ham.) from rivers of Bengal, Bihar 
and Assam; D. dunc~eri Prashad and Mukherji from Upper Burma; 
D. insularis Hora from coral reefs in Andamans; D. heraldi Menon 
from Ponnayar river, Tamil Nadu ; D. ocellatus Duncker from Sri Lanka. 

Doryichthys deocata (Ham.) was originally described by Hamilton
Buchanon (1822); subsequently it has been recorded by Day (1878 & 
1889) and Shaw and Shebbeare (1937). Day (op. cit.) has mentioned 
about its distribution in the rivers of Bengal and Bihar. Shaw & 
Shebb~are (op. cit.) described its distribution in Panchenai river in the 
1erai and small rivers in Borjhar forest (Central Duars) area. Hora 
(1921) recorded it from Eastern Himalayas below Darjeeling, from the 
collection of G. E. Shaw. It was first recorded from Assam by K. L. 
Sehgal (1955) from one specimen in the collection of B. Prashad and 
S. L. Hora from- Darrang District in November 1939. However, a full 
description of the species has not been given by earlier authors. 

In view of the above fact, when an adequate number of specimens 
of Doryichthys were made available from the collections of A. K. Ghosh 
and party and K. R. Rao and party deposited in the Eastern Regional 
Station, Zoological Survey of India, a th<?rough examination of each of 
the specimen were. made by the author. As a result, a number of 
characters specially in the fin formula, some variations were noticed; 
further, a spiny projectiq.n on the ventral side near opercular joining, 
not mentioned in earlier descriptions, has been noted in some 
specimens. The specimens has now been determined as deocata and 
a redescription of the species is given in the present paper .• 
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Doryichthys deocata (Ham. Buch.) 

(Text-fig. 1) 

Syngnathu8 deocata Hamilton-Buchanon, 1822, Fish. Ganges: 363. 
Doryichthys deocata Day, 1878, Fish. India: 680. 

D. 30-37, P. 17-21, A. 2-3, C. 7-10, Osseous ring. 16+31-32, 
Subdorsal ring 6-9. 

Body elongated, nearly as high as broad. In present specimens 
body length varies from 85 mm to 155 mm. Trunk hexagonal, taU 

20mm 
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5mm o 

B c 
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Text-fig. 1. Doryiclzthys deocata (Ham. Buch.) A-~lale, B-Ventral side of snout 

having projection, C-Ventral side of snout without projection, D-Coloura
tion showing "Y" pattern in female, E-Dorsal fin, F-Pectoral fin, 
G-Anal portion. 

Af-Anal fin, An-Anus, Df-Dorsal fin, Pf-Pectoral fin~ Pr-Projection, Vr
Ventral ridse. 
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tetragonal. Head length 7.1 to 8.7 in total length. Snout 1.6. to 2.0, eye 
diameter 6.0 to 10.0, in head length. Eye situated near to opercular 
margin than to tip of snout. Shields striated, striations prominent on 
upper surface, shield margins fairly prominent, intermedial shields not 
so prominent. Inferior cristae of trunk and tail discontinuous, median 
cristae of trunk and inferior cristae of tail continuous. A projection 
may be sometimes present on ve,ntral surface near opercular joining 
just behind eyes. Tail longer than headlength and trunk. Dorsal fin 
less in height than depth of the' body. Length of dorsal base 7.7 to 
12.9, pectoral length 42.0 to '64.8, anal length 68.5 to 123.0, caudal 
length 24.0 to 32.5 in total length. Each fin ray of dorsal, pectoral and 
anal having an elevation at its base, as a result of which whole ot" the 
fin base shows elevation (Text .. fig, 1 E, F). Anal fin situated in a groove 
just behind the anus. (Text-fig. 10). 

Body colouration varies in male and female. In specimens preserved 
in 5% formalin, male is brownish black whereas female is brownish 
above and each segment of abdominal region ornamented with a "Y" 
pattern, outlined by alternate dark and light brown stripes in light brown 
ground colour (Text-fig._1 D). 

NOTE 

The only information on the biology of the species is that it swims 
in an upright position and the male carries the eggs (Shaw & Shebbeare, 
1937). During the faunistic surveys in Manas Wildlife Sanctuary, the 
first specimen was caught on the muddy banks of a small stream, which 
passes through uneven alluvial soil which is mostly sandy. At most 
places the stream was covered with aquatic vegetation. After the first 
specimen, several more specimens were collected from slow moving 
streams by using cast net. It would appear to prefer slow moving 
streams with plenty of aquatic vegetation at the bottom. 

Material Examined: (i) 11 0 0, 11 ~ ~ ~hura river (Kamrup Dist.) 
12. i. 74, ColI. A. K. Ghosh, (ii) 3 is is, 3 ~ ~, Marahakowa river 
(Kamrup Dist.) 15. xii. 74, ColI. K. R. Rao. 

DISCUSSION 

Some variations are noticed in the snout region of different speci-' 
mens. Specimens with ventral projection exhibit an interrupted ventral 
grove and the anterior region appear$ somewhat blunt (Text-fig. 1B) but 
the specimens _ without ventral projection show a continuous longitudinal 
thin ventral groove and anterior region apl'ears somewh~t conic~l 
(Text-fig. lC). 

l~ 
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Males could be externally identified by the presence of egg pouch 
on the abdomen; eggs in the egg pouch could be seen from outside· 
and could be counted.. In immature specimen eggs could not be seen 
in' the egg pouch. 

Doryichthys deocata (Ham. Buch.) a:Jso appears to be closely allied to 
D. dunckeri Prashad and Mukherji (1929) recorded from Upper Burma 
and D. ins'ltlaris Hora (1925) recorded from Andamans, in their fin 
formula. 
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SUMMARY 

Doryichthys deocata (Ham. Buch.) (Solenichthys : Syngnathidae': 
Pisces) .has deen described in detail, with illustrations, based on a series 
of specimens collected around Manas Wild Life Sanctuary, AssalD:., and 
its morphological relationship with D. ouncuZus (Ham.), D. bleekeri (Day)~ 
D. dunckeri Prashad and Mukh. and D. insularis Hora has been 
discussed. 
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A NEW SPECIES OF THE GENUS CENTROR
HYNCHUS LUHE, 1911 (ACANTHOCEPHALA) 

FROM INDIA 
By 

VASANTHA RENGARAJU AND E. N. DAS 

Department of Zoology, Skolapur Oollege, Sholapur 

( With 1 Text-figure) 

INTRODUCTION 

A number of birds collected from the outskirts of Sholapur city in 
Maharashtra were examined for acanthocephalan infection. The present 
paper deals with a new species of Oentrorkynckus Luhe, 1911, obtained 
from the intestine of Atkene brama. 

SYSTEMATIC ACCOUNT 

Centrorhynchus bramae sp. n. 

( Text-fig. 1. ) 

Material ana methods: 1 0' and 2 ~ ~. They were fixed in 70% 
alcohol and treated with lactophenol. 

Diagnosis: 28 longitudinal rows. 10 (anterior rooted) hooks + 10 
(Posterior rootless) spines in each row. 

Description: Male: Total body length 17 mm., width in middle 
0.59 mm. At the terminal end of the body there is a small appendix. 
Proboscis 0.80 mm. in length, 0.40 mm. in greatest width, 0.30 mm. in 
diameter at the constriction (where it is divided by insertion of pro
boscis receptacle into anterior and posterior regions); hooks 0.03-
0.04 mm. long, spines 0.015 mm.; proboscis receptacle double walled, 
1.0 X 0.40 mm. ; lemnisci 0.8 mm. long; anterior testis 0.75 X 0.25 mm., 
posterior slightly larger 0.95 X 0.32 mm. ; 2 cement glands, each 10.4 mm. 
long ; Saefftigen's pouch 2.7 mm. long ; bursa 2.0 mm. long. 

Female: Larger than male, total body length 19.0 mm., width in 
middle 0.60 mm.; ova ovate, 0.029 X 0.013 mm. ; uterus 1.6 mm. long 
0.2 mm. wide; vaginal canal 0.35 mm. long, encircled by two sphincter 
muscles. 

Discussion: The present species is distinguishable from all known 
Oentrorkynckus species Yamaguti (1963) and Golvan (1965). It can b~ 
~asily separated from its nearest allies (Table 1). 
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Text-fig. 1. Oentrorh1Jnchus bramae sp. n. A. Proboscis enlarged: B. Anterior part of 
the body; C. Posterior part of the body; D. Profile of a single longitudinal 
row of hooks; E. Ova. 

BA-bursa; BO-bursal cap; BW-body wall; OG-cement gland; ONG-central 
nerve ganglion; H-hook; P-proboscis; PR-proboscis receptacle; S-spine; SF
saefitigen's pouch; T-testis. 

On the basis of possessing 2 cement glandst Oentrorhynchus bramae sp. 
n. is placed under the subgenus Malgacanthus Golvan, 1965 of Oentror
hynchus Luhe, 1911. 

Type-specimens: Holotype (0) deposited in the collection of the 
Department of Zoology, Sholapur College, Sholapur. Registered No .. 
A/C/1-2. 

Type-locality: Sholapur, Maharashtra, INDll\. 

T'l/pe-host: Athene ~rama, 
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TABLE I.-Number of rows, hooks and spines in species of centromhyftchus. 

Specics 

O. conspecZus Van 

Cleave et Pratt, 1940 

O. macrorchis Das, 1950 

O. indicus Golvan, 1956 

O. simplex ~{eyer, 1933 

O. longicephaZus Das, 1950 

O. aZbidus Meyer, 1933 

O. bramae sp. n. 

Longitudinal 
rows 

80-32 

24-28 

28-30 

22-24 

24-26 

28-80 

28 
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SUMMARY 

A new acanthocephalan species, Oentrorhynchus bramae, is described 
and compared with its close allies. Its host is a raptorial bird, Atkene 
brama, collected from Sholapur. 
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REDESCRIPTION OF THE GENUS AND SPECIES 
TIRACOLA PLAGIATA (WALKER) 

[LEPIDOPTERA: NOCTUIDAEJ 
By 

D. K. MANDAL AND J. P. N. SHUKLA 

Zoological Survey oj India, Oalcutta .. 

( With 2 Text-figures) 

INTRODUC'1;'ION 

While studying an unnamed collection of moths from Arunachal 
Pradesh of North-Eastern India, the all:thors have come across one female 
specimen of the monotypic genus Tiracola Moore. It has been compared 
with material from Sri Lanka available in the named collections of the 
Zoological Survey of India. The species appears from the earlier litera
ture to 'have been described inadequately particularly the antennae, tarsi, 
wing venation and the clothing and colouration of the wings and body. 
Some of these features are sexually' dimorphic, wJ:tile still a few others 
show morpho-variations in female. The diagnostic characters of the 
genus have, therefore, been reviewed and the species redescribed, 
including the genitalia. 

Moore (1881, 1884-1887) erected the genus TiracQla with type species 
Agrotis plagiata Walker (1857) from Ceylon {now Sri Lanka}. Cotes and 
Swinhoe {1888} retained Tiracola plagiata in Agrotis Ochsenheimer. 
Hampson (1894), howev~r, treated Tiracola as a subgenus of Arcilasisa 
Walker and referred it to his heterogeneous subfamily, Trifinae. Later, 
Hampson(1905) raised- Tiracola to its original generic status and, chiefly 
on the basis of its hairy eyes, referred it to the subfamily Hadeninae. 
Moore (1881) included a second species, Agrotis spectabilis Walker from 
Australia, ~ Tiracola, but Hampso~ {1894} treated this and Agrotis 
pZagijera Walker and also later (1905), Agrotis grandirena Herr.-Schaffer 
as synonyms of plagiata~ thus giving the genus ,its monotypic status. This 
system has been followed by Warren (1909), Gardner {1946} and the 
present authors. 

SYSTEMATIC ACCOUNT 

Tiracola Moore 

Twacola Moore, 1881, Proc. zool. Soc. Lond. : 351. 

J)iavnostic characters; Body stoqt a:Qd hairy, thorax with prominent 
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anterior and posterior crests. Eyes hairy. Proboscis fully developed. 
Labial palpi upturned, -\vith terminal segment short. Antennae in both 
sexes uniformly ciliated to slightly beyond half their length, then clothed 
with paired setae on each ·segment. Tibiae compactly pilose above. 
Tarsi armed with spines which are longer, more slender and rather 
apically curved at distal end of each segment. Forewings .with costa 
moderately arched 'towards apex and terminal crenulations bearing 
strongly toothed scales alternating With normal scales in t4e inter-cre~ 
nular spaces. Hind wings with cell short. Abdomen dorsally ~attened, 
with rough hairs and dorsal crests on basal segments. 

Venation (Text-fig. 1): Fore wing (fig. 1, A) with Sc reaching costa 
beyond middie ; RS+4 anastomosing with R5 to form a short are ole ; 
Ml 'a little below the upper angle of cell, ~M2 and M3 arising a-little 
above the lower angle; CU10 slightly, and CUlb well before lower angle. 
Hindwing (fig. 1, B) with RS and Ml ~onnate at the upper angle of cell, 
Ms and CUI a on a fairly long stalk arising from lower angle; CUll 

from near middle of cell in male, but very close to its lower angle in 
female. 

A 

B 
I 8mm I 

Text-fig. 1. Tiracola plagiata (Walker), Venation: A. Fore wing; B. Hilld wing. 

Tiracola is readily distinguished from Agrotis and Arcilasisa by the 
hairy eyes, .which is one of the chief diagnostic characters of the Hade
ninae. Presently,- the authors could not compare the genitalic characters 
of Tiracola Moore with those of its clos~st American ally H ydraeoioiles 
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Hampson (viae Hampson, 1905), as no material of the polytypic genus 
Byaraeciodes is available at hand. 

Tiracola plagiata (Walker) 

1857. Agrotis plagiata Walker, List Lep. Ret. (Brit. Mus.), 11 : 740. 
1857. Agrotis plagifera: Walker, List Lep. Ret. (Brit. Mus.), 1 : 741. 
1865. Agrotis spectabilis: Walker, List Lep. Ret. (Brit. Mus.), 32 : 704. 
1868. Agrot'is grandirena: Herr.-Schaffer, Oorresp.-Blatt. Regensb.: 149. 
1881. Tiracola plagiata, 1\ioore, Proc. zool. Soc. Lond. : 351. 

1881. Tiracola speotabilis : Moore, Proc. zool. SOOt Lond.: 352. 
1884-87. Tiracola plagiata, 1\foore, Lep. Oeylon (Ret.), 3: 34, pI. 148, figs. 1, 10, 

(redescr.). 

Male: Upperside: Body and labial palpi with the first and last 
segments brownish-testaceous, the second segment dark-brown. The 
patagial scales not wholly black, but hyaline at the base. Legs thickly 
black-speckled. Tibiae irrorated with black-brown; spurs with black 
bands. Tarsi with brown bands. Fore wings of the body colour with 
sparse blac~-brown irrorations; basal and sub-basal lines brownish, 
indistinct, rather angular and represented by a few deep dots on the 
costa, cell and 1A; antemedialline denticulate and with similar dots; 
clavi form absent; orbicular very small and pale; reniform large, marked 
by its central brownish streak. and enclosed in a broad triangular and 
brown costal patch extending a little below the median vein ; medial line 
suffused with brown, oblique from costa to the median vein and then 
waved upto the inner margin; postmedial line faintly double, oblique 
from costa to R5 , then represented by a series of black dots upto the 
inner margin; sub-marginal line brownish, faint on the costal area, 
diffused with ochreous on its either side betWeen R5 and Ma, outwardly 
angled at the former vein and finally waved upto the tornus ; terminal 
cilia with fine ochreous line at the base. Hind wings pale cinereous
brown with the termen bearing black dots from costa upto CUICI and 
cilia whitish. Anal tuft prominent. Underside: Paler. Fore wings with 
the inner area hyaline; costal area irrorated with black; postmedial 
series of black dots indistinct; a few marginal black dots. Hind wings 
with the inner area not" hyaline, otherwise like the fore wings ; with a 
prominent tuft of hairs near the base of the cell. Foretibiae with a flap
like epiphysis fitting into a depression which is proximally deep and 
with a prominent tuft of hairs, and distally shallow and hyaline. 
Abdomen more testaceous than rufous and with a sub-lateral series of 
black dots. 

Female: As the male, bqt fore wings with the apical, postmedial aqq 

~2 
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basal areas prominently grey. Hind wings and foretibiae with the 
ventral and abdomen with the terminal tufts of -hairs obsolescent. 

Morpho-variations: The female form from Arunachal Pradesh shows 
some peculiarities from that of Sri Lanka in having the fore wings darker 
with an olive tinge and without a terminal series of black dots from 
the sub-apex to the tornus; hind wings with the .costal area paler; 
abdomen darker above and black-irrorated below. 

Measurements (in mm.) Male Female 

Maximum width of thorax 9 7-7·5 
Length of hind wing along 

the inner margin 12-14 12-14 
Wing expanse 53-60 46-52 

Genitalia (Text-fig. 2): Male (figs. 2, A-E): Uncus simple, long, 
curved and beset with hairs; tegumen rounded distally, with lateral 

E F 

Text-fig. 2. Tiracola plagi.ata (Walker), Genitalia: A-E, (0) A. Ventral view; 
B. Dorsal view; C. Aedeagus; D. Lateral view of valva; E. Lateral view 
of Uncus and Tegumen. F. (i) Ventral view. 

sclerotized strips; vinculum long, sclerotized and 'U'-shaped, saccus 
short and rounded; anellus ventrally supported by the highly sclerotized 
and serrated juxta which is ,provided with a pair of curved lateral lobes ;' 
valva proximally simple, narrow, cylindrical and beset with marginal 
hairs, while distally beak-like, with dense and strong black spines and 
lon~· setae i aedea~s chitinized> apically armed with strongly developed, 
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cornutii comprising a compact bunch of long brown spikes which merge 
with the anterior spines of a highly sclerotized and piceous black plate. 
Female ,,(fig. 2, F) : Corpora bursae membranous and sac-like with a 
serrated and erect ventral signum; ductus bursae highly sclerotized, 
short, stout and nearly straight; ostium bursae also sclerotize,d, with 
the ventral genital plate simple; papillae anales rectangular, slightly 
setiferous, with terminal edges more or less blade-like. 

Material examined: 1 ~, INDIA: N. E. F. A., Lohit District, 
Roing, 5. iii. 1969, ColI. S. K. Tandon 3 0' 0', 1 ~, CEYLON: Raakgala, 
-. ii. 1907, ColI. E. E. Green. 

Di8tribution: INDIA: Himachal Pradesh (Kulu); Maharastra 
(Bombay) ; Mysore (now Karnataka): North Kanara (now Karwar), 
South Kanara (now Mangalore) ; West Bengal (Darjeeling).; Sikkim ; 
N. E. F. A. (now Arunachal Pradesh: new record). CEYLON (now, 
SRI LANKA). SINGAPORE., INDONESIA: Borneo (now Kalimantan); Java. 
AUSTRALIA: Queensland; New South W ales. PAPUA. SOUTH PACIFIC 
OCEAN: Tahiti Island; Marquesas Island. PARAGUAY. MEXICO: Jalapa; 
Misantla, Coatepec. CUBA: Matangas. CHINA : Moupin. 

SUMMARY 

The paper redescribes the monotypic genus Tiracola Moore and the 
species T. plagiata (Walker) from material in the collection of the 
Zoological Survey of India. Descriptions and figures of the genitalia 
of both sexes have been included. This widely distributed species!s 
recorded for the first time from Arunachal Pradesh of the Indian 
subregion. 
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CLADOCERANS (CRUSTACEA : BRANCHIOPODA) 

FROM ASSAM AND ADJACENT HILL STATES 
IN NORTH EAST INDIA 

By 

S. BISWAS 

Zoological Survey of I naia, Oalcutta" 

(With 8 Text.-figures ) 

INTRODUCTION 

The present paper deals with material of cladoceran crustacea in 
the collections of the Eastern Regional Station of the Zoological Survey 
of India at Shillorig in Meghalaya, "bulk of the material comes from the 
Ward Lake, Shillong, a large artificial body of freshwater covering an 
area of about 300 acres, collected in 1961." In addition to the Ward 
Lake material, a small collection from nursery tanks· of the Fisheries 
Department at Gauhati and another from Lakhimpur in North Assam 
were also examined. 

As a result of this study 24 species of cladocerans have been identi
fied. The Ward Lake accounts for 16 of these. Of the eight species 
identified in the collection from Gauhati, four are not represented in 
the Ward Lake; similarly four out of five species recorded from Lakhim
pur are not present in Ward Lake. Patil (1976) published a list of 
Cladocera from North East India, listing 17 species from Meghalaya 
(Ward Lake and other ponds in Shillong) and Manipur. This list 
includes seven species not present in my collection. Including those 
listed by Patil, the known cladocera fauna of North East India now comes 
to 34 species contained in 15 genera spread in five families. Since the 
localities and habitats explored so far are few, the present tally is far 
from complete. More extensive surveys should considerably add to the 
number of cladoceran species known so far from this area. 

Our knowledge of the cladocera of Assam and contiguous hill states 
in North East India is nearly blank. As far as I could ascertain from 
literature, only two species of cladocerans have been recorded earlier 
from this region, viz., Simocephalus vetuloides Sars by Brehm (1950) from 
Changchang Pani in Naga Hills (Nagaland) and Alona costata Sars by 
the present author (Biswas, 1965) from Kameng Division in Arunachal 
Pradesh (former North East Frontier Agency). The present study, 
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coupled with the list of Patil,( considerably enhances our informati~n 
about the cladocera fauna of this region. Most of the species r~ported 

in this paper are new records from this area, and seven species are 
reported for the first time from India. 

In order to facilitate identification, at least upto' generic level, key to 
the identification of genera reported here has been provided. 

I am thankful to the Director, Zoological Survey of India for allowing 
the facilities to examine the collections and to Dr. K. K. Tiwari for help 
in preparation of this paper. 

LIST OF CLADOCBRA SPECIES FROM NORTH EAST INDIA 

SIDIDAE 

1. Sida crystallina (M~uller) 

*2. Diaphanosoma sarsii Richard 
3. D. excisum stingelini Jenkin 

DAPHNlDAB 

4. Simocephalus serrulatus (Koch) 
*5. S. expinosus (Koch) 
6. S. vetulus (l\£uller) 
7. S. australiensis (Dana) 

*"'8. S. elizabethae (King) 
*9. Scapholebris kingi Sars 

"'10. Oeriodaphnia rigaudi Richard 
11 • O. cornuta Sars 
12. Moina micrura Kurz 
13. M. dubia Guerne & Richard 

**14. M. brachiata (Gurine) 

BOSMINIDAE 

*15. Bosmina longirostris (1\1:uller) 

MACROTHRICIDAB 

**16. Sireblocercus serricaudatus (Fischer) 
17. Macrothrix chevreuxi Guerne & Richard 

**18. M. spinosa King 
**19. nyocrY'Ptus halyi Brady 

CHYDORIDAB 

"'20. Oamptocercus rectirostris Schodler 
*21. Acroperus h arpae Baird 
22. Leydigia fludrangularis (Leydig) 

Ward Lake Nursery Iakhim- I\1:ani ... 
and other tank pur pur 
places of Gauhati N. Assam 
Shillong 
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Ward Lake Nursery Lakhim- 1\fani-
and other tank pv.r pur 
places of Gauhati N. Assam 
Shillong 

CHYDORIDAE (contd.) 

23. L. acanthocercoides (Fischer) + ---
24. .dZonopsis elongata Sars -+ 
25. .Al. aureola Doolittle + 

*26. .Alana aifinis lLeydig) + 
**27. .A. rectangu la Sars + 

28. .A. quadrangularis (M:u11er) + 
29. .A. guttata Sars + 

*30. Ohydorus sphaericus (l\1:u11er) + 
**81. O. denticulatus Henry + 
**82. O. gZobous Baird + -

*The species have been also listed by Patil from Shillong and l\fanipur. 
**Species not represented in my collection. 

KEY TO THE FAMILIES AND GENERA OF FRESH-WATER CLADOCERA FROM 

ASSAM AND MEGHALAYA 

1. Body and feet covered oy a bivalve shell; feet 
in general foliaceous, not plainly jointed. . .. 

2 (6) Six pairs of feet, all similar, except the last 
and 0,11 foliaceous. 

8 (7) Shell of or~inary type. Antenna biramous 
in female, rami flattened, the dorsal with 
numerous setae, both lateral and terminal. ... 

4: (5) Dorsal ramus of antenna 3-jointed, rostrum 
present. 

5 (4) Dorsal ramus of antenna 2-jointed, no ros
trum, without lateral expansion of antenna 
and no spine on postabdomen. 

6 {2} Five or six pairs of feet; first and second 
more or less prehensile, others foliaceous .... 

7 (14) Antennules of -female usually small, some
times rudimentary ; if large never inserted 
at anterior end of ventral surface of heau. 
Dorsal ramus of antenna 4-jointed, ventral 

Suborder EUCLADOCERA 

Superfamily SIDOIDEA 

Family SIDIDAE Baird 

Genus Sida Straus, 1820 

Genus Diaphanosoma 
Fischer, 1850 

Superfamily CHYDOROIDEA 

3-jointed. Intestine simple Family DAPHNIDAE Straul 
8 (11) Rostrum present. 
9 (10) Valves transversely straited.. Postabdomen 

broad, with indentation in which anus opens. Genus Simocephalus Schoedler. 

1858 
10 (9) Valves obscurely reticulated and with some 

striae. Posterior and ventral margin 
stra,i~ht, the latte~ extendin~ into a, s~ine. Genus Scapholebris Schoedler, 

l858 
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11 (8) Rostrum absent. 
12 (13) Head small and depressed. Antennules 

small, valves oval and rounded. No posta-
nal extension o~ postabdomen. Genus OerwdtJ:e'hn'a, Dana, 

13 (12) Head large usually extended. Antennules 
~ 

large and freely moveable. Postabdomen 
with postanal extension. • •• 

14 (16) Six pairs of feet. Antennules of female large, 
fixed. Intestine simple; no ceca ...• 

15. Antennules of female approximately parallel 
to each other, curving backward, fixed to 
head, olfactory setae on side, usually near 
base. 

16 (22) Antennules of female long, freely movable, 
usually inserted at anterior end of ventral 
surface of head. Rami of antennae 3- and 
4-jointed. Intestine simple or convoluted. 
Hepatic ceca usually wanting. Five or six 
pairs of feet. • •• • •• 

17 (19) Intestine convoluted. 

18. Antennary setae 0-0-1-3, Animal small 
1-1-3 

and spherical. 
19 (17) Inte;)tine simple. 

0-0-0-3 
20 \21) Antennary setae 1-1-3' Vertex of head 

forming sharp angle in front of insertion 
.of antennules. 

21 (20) Antennary setae 0-0-1-3, Vertex evenly or 
abruptly rounded ; barsal seta of 3-jointed 
ramus stout and strong. 

22 (16) Fornices extended so as to cover antennules 
in whole or in part, and uniting with the 
rostrum into a beak, projecting ventrally in 

1858 

Genus Moina Baird, 1850 

Family BOSMINIDAE Sars 

Genus Bosmina, 184:5 

Family rtfACROTHRIOIDAE 
Norman and Brady 

Genus Streblocercus Sars, 1862 

Genus Il1Jocr'Y~tu8 Sa,rs~ 1861 

Genus Macrothriz Baird~ 1848 

front of antennules. . .. Family OHYDORIDAE Stebbing 

23. Anus on dorsal side of postabdomen, whose" 
postanal portion bears denticle. No hepatic 
ceca. Two summer eggs; one ephippial egg. 
1\1ale with strong hook on first foot.-

24 (36) Posterior margin of valves not greatly less 
than maximum height. Body elongated, 
form not spherical. 

25 (34) Infero-posteal angle of val yes rounded but 
without teeth. 

26 (32) Body compressed; claws with secondary 
tooth in middle. 

~7 (30) Orested on head and valv~, 

Subfamily Ohydorinae. 
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28 29) Postabdomen narrow, with marginal and 

lateral denticles. Genus Oamtocercus Baird, 1843 
29 (28) Postabdomen broad, without marginal 

denticle. 
80 (27) No crest. 

81. Valves not tumid; postabdomen broad. 
82 (26) Body not gr~tly compressed j claws with on 

basal spin e. 
83. Postabdomen broad with numerous clusters 

of large spines. 
84 (25) Infero-posteal angle rounded, with small 

tooth or teeth. 
35. Postabdomen not noticably narrow ; distal 

denticles not conspicuously larger. Basal 
spine small valves with longitudinal striae. 

36 (24) Posterior margin of valves considerably less 
than maximum height. Body spherical and 
broadly ellipsoidal. 

37. I'ostabdomen ordinarily short with promi
nent pre-anal angle. 

SYSTEMATIC ACCOUNT 

Family SIDIDAE 

Genus Acroperus.Baird, 1843 

Genus Alonopsis Sars, 1962 

Genus Ledigia Kurz, 1874 

Genus Alona Baird, 1850 

Genus Ohydorus Leach, 1843 

1. Sida crystallin a (0. F. Miiller) 

(Text-fig. 1 D-H) 

1'176. Daphnia crystallina O. F. ~iiiner, Zool. Daniae Prodo., Animalium Daniae etc., 
Hauniae: 200. 

MateriaZ: 2 ex, Dumduma, Lakhimpur; 2. iii. 61, colI. A. K. 
Mukherjee. 

Distribution: India: Kashmir ~ Almost cosmopolitan (palaearctic, 
Nearctic and Neotropical and central America). 

Remarks: Three varieties are usually recognised in this species, i. e., 
Zimnetica Burkhart, crystallina (Mtiller) and elongata (de Geer). The 
specimens of the collection are referred in the var. crystallina. 

2. Diapbanosoma sarsii Richard 

(Text-fig. 1 A-C) 

1895. Diaphanosoma sarsii Richard, Annls. Sci. nat., Paris, (7) 18 : 365-367, pI. 15, 
figs. 1 and 8. 

Material: 34 ex., Ward Lake, Shillong? on 8. i. 61? 18. i. 61 ancl 
24. i. 61 ; CoIl. M. Ryntk ~ 

~a 
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Text-fig. 1. Cladocera from Assam. (A-a) Diaphal1osoma sarsii Richard, A. la.teral 
view, B. infero-posteal part of the sh~ll, C. post-abdomen; (D-H) Sida 
crystallina (0. F. l\1Uller), D. lateral view of anterior par~, E. infero
posteal part of the shell, F. antennule ~nlarged, G. post-abdomen, 
H. claw of the post-abdomen; (J -L) Di,aphanoso'l1~a excisum Sars Va.l. 

stingeZini Jenkin, J. infero-posteal part of the shell, K. a.ntennule, 
L. postabdomen:. 
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Distribution: India: South India, Chotanagpur and Rajasthan. Also 
South East Asia (Sumatra, Java, Celebes, Singapore and Bangkok, Africa 
and South America). 

Remarks: This species belongs to the group of species where shell
duplicator is present on the shell and comes very near D. excisu1n'Sars 
but differs from it in the shape of the head and shell duplicator. The 
specimens have been assigned to the above mentioned species consider
ing the number and size of the marginal spinules as well as the shape 
of head and shell duplicator. 

3. Diapbanosoma excisum Sars 
(Text-figs. 1 J, K, & 2 H) 

1934. Diaphanosoma excisum Sars var. BtingeZini J enkini, Ann. Mag. nat. Hist., 
London, (10) 13 : 140-143, figs. 1, 181. 

Material: 19 ex., Ward Lake, Shillong; 22. 11. 1961, 13. x. 1961, 
26. vii. 1961; ColI. Rynth. 3 ex., Digli Nursery tank, Gauhati ; 24. iv. 
1961, CoIl. O. B. Srivastava. 

Distribution: India; Rajasthan. Also Sumatra and Africa (Egypt 
and Uganda). 

Remarks: Three varieties, excisum Sars, stingelini Jenkin and 
longiremis Ekman, have been recognised in this species. The first variety 
is recognised by its shorter antennae and absence of hairs on the side 
of postabdomen but in var. steingelini though the antennae are not 
reaching beyond the posterior border of the shell but recognIsed by the 
presence of hairs on the postabdomen. In var. longire·mis the antennae 
exceeds the posterior margin of the shell. The species is referable to 
var. 8tingelini. 

Family DAPHNIDAE 

4. Simocepbalus serrulatus (Koch) 
(Text .. fig. 3 F & 4, C-E) 

1841. Daphnia serrulata Koch, Deutschlands crustaceen Myriapoden and Arachniden, 
Heft. 35, Tab. 14. 

Material: 15 ex., Dumduma, Lakhimpur; 2. iii. 1961, ColI. A. K. 
Mukherjee; 3 ex., Ward Lake, Shillong, 9 iv. 1963 and 29. x. 1963, ColI. 
M. Ryntk. 

Distribution: First record from India. Also Palaearctic, Nearctic, 
Neotropical, Oriental and Ethiopian (Madagascar). 

Remarks: Depending on the shape of head and in the distribution 
of head spinules which may be present or absent five varieties viz. 
Berrulatus Koch, 1841; productifrons Stingelin, 1905; montenegrinu8 
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Verescagin, 1912; nudifrons Delachau, 1919 and 1"otundifrons -Brehm, 
1934 have been separated. III the collection of Ward Lake there are 
one typical and two productifrons like specimens and fifteen specimens 
from Dumduma resembling rotundifrons. 

5. Simocephalus expinosus (Koch) 

(Text-fig. 4 A,' B) 

1841. Daphnia expinosa Koch, Deutschland crustacean, Heft 35, Tab. II. 

Material: 1 ex., Lakhimpur, 2. iii. 63, ColI. A. K. Mukherjee. 

Distribution: First record from India. Also Palaearctic, Nearctic 
. and Tropical (Sumatra, Borneo, Sri Lanka). 

Remarks: One specimen from Lakhimpur has been referred in the 
present species. The species comes very near to S. congener Schoedler. 
The main character of difference between the two species is the number 
of spines consisting the comb at the base of the claw, 9-12 in the present 
species where as it varies from 17 -30 in the CfYngener. 

6. Simocepbalus vetulus (MUller) 

1776. Daphne vetula l\liiller, Zoolog. Daniae Prodromus, No. 2399;: 199. 

MateriaZ: 1 ex, Lakhimpur, 2. iii. 1961, CoIl. A. K. Mukherjee. 

Distribution: India: Kumaon, Kashmir, Ladakh and Punjab. Also 
Palaearctic, Nearctic and Neotropical. 

Remarks: S. elizabathae and S. vetuloides are allied to the present 
species but differs mainly in shape of the body. In elizabathae the 
hind part of the valve is turned into a median protuberance and in 
vetuloides the dorso-posterior hump is very much prominent.. Some 
variation have been recorded in this species based on which three 
varieties have been recognise,d viz. aegypticus Richard, spin08UZ'U8 Stinge
lini and gebhardti Ponyi. 

7. Simocepbalus australiensis (Dana) 

(Text-fig. t G) 

1853. Daphnia australiensis Dana, Report v. 8. E~plo. E~pd. Orustacea, II, 14 : 12'7, 
pI. 89, figs. 4 a-e. 

Material: 6 ex., Dumduma, Lakhimpur; 2. iii. 61, ColI. A. K. 
J.J1 ukherjee •• 

Distribution: India: Rajasthan. Also Java, Australia, North 
Ame~ica and South Africa. 
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Remarks: The specimens to some extent vary with the body shape 
of the species figured in the literature otherwise, they agree with the 
main characters of the species namely upturned rostrum and rounded 
ocellus hence the specimens have been referred to the present species. 

0-5 mm 
A 

B 0·1 mm 

o-s mm 
o 

G 
E 

0·5 mm 0-5 mm 
l-_---:;;--.:;...----. ....J 

Text-fig. 2. Cladocera of Assam. (A-C) Ceriodaphnia cO'1'nuta Sars, A. lateral view, 
B. lateral view of the anterior part, C. post~abdomen ; (D-E) Scapholeberis 
kingi Sars, D. lateral view, E. highly magnified margin of the shell; 
(F-G) Geriodaphnia rigaudi Richard, F. lateral view, G. post-abdomen; 
H. Diaphanosoma excisum Sars var. stingeZini Jenkin, lateral view. 
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8. Scapbolebris kingi Sars 

(Text-fig. 2 D, E) 

1903. Scapholebris kingi, Sars, A.rchiv. Math. Natur. Ohristiania, 25: 8-10, pl. I, 
figs. 231-0. 

Material: 1 ex., Diglipokheri, Nursery, No.1, Gauhati ; 24. iv. 61, 
ColI. K. Reddiah; 1 ex., Ward -Lake, Shillong, 21. iv. 61, ColI. M. 
Rynth. 

Distribution: India: W. Bengal, Rajasthan. also Thailand, Sumatra, 
Africa, Australia and North America. 

Remarks: This species differs from S. mucronata (MUller) in its small 
size, different shape of the head and the comparatively small size of 
mucron. According to Gurney (1900) except for its small size it is 
inseparable from the present species. 

9. Ceriodaphnia rigaudi Richard 

(Text-fig. 2 F, G) 

1894. Oeriodaphnia rigaudi Richard, Mem. Soc. zooz. Fr., Paris, 7 : 239. 

Material: 60 ex., Ward Lake, Shillong; 8. ii. 62, 24. iv. 63, 
26. vii. 61 and 18. viii. 61 ; ColI. M. Rynth. 1 ex, Diglipokhri, Nursery
Tank No.1, Gauhati, 24. iv. 62, ColI. K. Reddiah. 

Distribution: India: Most of the statt"s. Also from S. E. Asia, 
Sri Lanka, Palestine, Egypt, S. Africa, North America. 

Remarks; This is -smallest of the known species of the genus and is 
easily recognisable by the acuminate beak like projection issuing from 
below the head. The species can be distinguished from the nearest, 
O. conuta Sars by the smooth fornix, straight upturned tail usually with 
6 to 7 anal spines, longer rostrum~ and shorter antennae with setae 
nearer to the extremity. 

10. Ceriodaphnia cornuta Sars 

(Text-fig. 2 A -C) 

1885. Oeriodaphnia cornuta Sars, Forh. Vidensk. SeZsk. Ohristiania, No.8: 26-28, pl. 5, 
figs. 1-3. 

Material: 3 ex, Ward lake, Shillong; 21. viii. 63, ColI. M. Rynth. 

Distribution: India: South India, Also Australia, New Guinea, 
Java, Sri Lanka and East Africa. 

Remarks: Due to placing undue reliance on the presence and 
absence of cephalic process and process on the carapace by earlier 
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workers (Richard, 1894; Daday, 1905), a lot of confusion has been 
created in fixing up the exact identities of Oeriodapknia cornuta and O. 
rigauai. 'However, these characters are not reliable for speific identi
fication since in my material I have specimens of both types from the 
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Text-fig. 3.' ... Cladocera. of Assam. (A-B) Moina dubia Guerne & Richard, A. lateral 
view, B. post-abdomen with the infero..:posteal border of the shell; (C-D) 
Moina micrura Kurz, C. lateral view, D. post-abdomen; E. Macrothrix 
chevreuxi Guerne & Richard, lateral view; F. 8imoce~halus scrrulatu$ 

(Koch). lateral view; 



104 Records of the Zoological Survey 011 ndia 

same locality. Janken (1934) indicated that the distinguishing characters 
of 0_ cornuta are sharply pointed fornices, tapered postabdomen armed 
generally with 8 spines and longer antennules with setae in the middle 
of its length. 
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Text-fig: 4.-~ladocera :;?f~ Assam. (A-B) SimocephaZus ex:pinosus (Koch)" A.. lateral 
Vlew~ anterIOr part, B. claw and the anterior part of the p()st-abdomen. 
(~-D) Sim0l!ephalus serrulaius (Koch) var. rotundifrons Brehm, C laterai 
vIew, anterlor part, D. claw and a part of the post-abdomen; (E-F) Simo
cephalus serrulatus (Koch) var. productiforns Stingelin, E. lateral view 
:F. J1Ost-abdomen ; G. 8imoce~halus australiensis (Dana), lateral vi~w, ' 
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11. Moina dubiaGuerene and Richard 

(Text-fig. 3 A, B) 

105 

1892. Moina dubia Guarana and Richard, Me1n. Soc. zool. Fr., Paris, 5: 527-530, 
figs. 1 & 2. 

Material: 30 ex., Goupokhri, Gauhati, 24. iv. 61, CoIl. O. B. 
Srivastava. 

Distribution: India: Bihar, West Bengal, Rajasthan. Nepal, Java, 
Australia, Africa (Sahara, Uganda, Congo and Transvaal), Germany 
and Europe. 

Remarks: This is a variable species and comes near M. micrura 
Kurz. But following characters mentioned by Brehm (1953) are useful 
for separating this species from the other allied species. The ventral 
proximal margin of the valve is provided with strong spines and the 
distal with groups of spinules, the proportion of ' the reduced distal 
part to the broad proximal part of postabdomen is 1: 2, without 
accessory ridge on the end claw and the head depression is at 
an angle of 70°. 

Some authors tried to differentiate this species further into varieties, 
baringoansis Jenkin and parva Ramner on the basis of relative degree 
of erectness of the relatively decreasing head and size of the tail. 

12. Moina micrura Kurz 

(Text-fig. 3 C, D) 

1874. Moina micrura Kurz, Acad. Wien, 70 : 7, pI. 1, fig.!. 

Material: 5 ex, Jaypokheri, Gauhati; 24. iv. 61, ColI. o. B. 
Srivastava. 

Distribution: First record from India. Also Zanzibar, Bohemania 
(Bohmen), Hungary (Ungaro) and Central Asia. 

Remarks: Some authors synonimised M. dubia under the present 
species but there are characters, i.e., shape of the body, absence of 
comb on the claw, only one "basaldorn", absence of hairs on the sides 
of the postabdomen and more robust antennae, which justify the separate 
status of this species. 

Family BOSMINIDAB 

13. Bosmina longirostris (0. F. Muller) 

(Text-fig. 5 A-D) 

1785. hynceuslongirostris :l\i\tller, Entol1~ostraca: 16,:pI. 10, figs. 7,8. 

1* 
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MateriaZ: 10 ex., Ward Lake, Shillong ; 18. i. 61, 8. ii. 62, 21. iv. 61, 
24. iv. 61, 26, iv. 63, 24. v. 61, 26. vii. 61 and 29.10.63, ColI. M. Rynth. 

Di8tribution: India; S. India and Kashmir. Cosmopolitan in 
distribution. 

Remark8: Six morphological varieties have been classified within 
this species mainly depending on the length.and shape of the antennules 
and mucro. These are: var. brevicorni8 Hellich, 1878 ; var longirostri8 
(0. F. MUlIer), 1785 ; var. 8imili8 (Lilljeborg) Sars, 1890; var, pellucida 
Stingelin, 1895; var. cornuta (Jurine), 1820 and var. curviro8tris Fischer, 
1854. In the present collection there are two forms which come near 
to var. similis and curvirostris. 

0·5 mm 

c 
.O·2mm 

A 

0'1 mm 
0'1 mm 

B 

Ten-fig. 5. Cladocera of Assam. (A-B) Bosmina longirostris (ilHiller) var. 'imilt.! 
(Lilljeborg), A. lateral view, B. post-abdomen; (C-D) Bosmina longiro.
tris (l\liiller) var. curvirostris Fischer, C. lateral view, D. post-a.bdqmen. 

Fanli1y MACROTHRICIDAB 

14. Macrothrix chevreuxi Guerne & Richard 

(Text-fig. 3 E) 

1~92. Macrothr~x chevreuxi G~erne·& ~ichard~ Me~. $oc. ,ool. Fr.~ P~ris, 5 : 5SQ-5~St 
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Material: 1 ex., Ward Lake, Shillong; 25. ix. 62, CoIl. M. Rynth. 

Distribution: India: Rajasthan. Also S. America & Africa (Congo, 
Uganda and Transvaal). 

B 

Text-fig. 6. Cladocera of Assam. (A-C) Leydigia quadrangularis (Schaedler), A. lateral 
view, B. head and labrum, C. posterior part of the post-abdomen; 
D. Leyoigia acanthocercoides (Fischer), lateral view; (E-F) Oamptocercus 

rectirostris Schaedler, E. lateral view, F. post-abdomen; G. Acro:perus 
harpae Baird, lateral view. 



108 Records of the ZoologicaZ Survey oj India 

Remarks: The specimen assigned in the present species agrees more 
with the description of the species given by Jenkin (1934) than to the 
description of M. triseraUs Brady by Gurney (1907) or Daday (1896). 

Family CHYDORIDAB 

15. Camptocercus rectirostris Schoedler 

(Text-fig. 6 E, F) 

1862. Oamptocercus rectirostris Schoedler, Jahresb. Doroth. BeaZschuZe: 25, pl. 2, 
figs. 42, 43. 

Material: 3 ex., Ward Lake, Shillong; 9. iv. 63 and 16. v. 63, 
ColI. M. Rynth. 

Distribution: India: Kashmir, Chotonagpur. Also ( America, 
Europe) Palaearctic, Nearctic, Oriental and Ethiopian. 

Remarks: Three varieties, siklejevi Sremek-Hasek, biserratus Scho
edler and typica, are usually found in this species. The present 
specimens belong to the var. biserratus in having marginal denticles on 
the postabdomen within the range 12 to 15. 

16. Acroperus barpae Baird 

(Text-fig •. 6 G) 

1850. Acroperus harpae Baird, British EntomostrQca : 129, pI. 16. fig. 5. 

Material; 1 ex., Philobari, Lakhimpur, 26. ii. 61, ColI. A. K. 
Mukherjee; 6 ex., Ward Lake, Shillong, 9. iv. 63 and 26. iv. 63, ColI. 
M. Rynth. 

Dist'ribution: India: Kashmir. Also Australia, Indonesia, Central 
America, Antarctic, Europe. 

Remarks: Two varieties,. var. karpae Baird and var. angustatus Sars 
and two forms, forma frigida Ekman and forma neglecta Lilljeborg have 
been recognised in the present species. The specimens in the present 
collection has been referred in the var. typica. 

17. Alonopsis elongata Sars 

(Text-fig. 7 A, B) 

1861. AZonapsis eZongata Sars, ForhandZ. SeZsk. Ohristiania : 161. 

Material: 1 ex. , Ward Lake, Shillong ; 9. iv. 63, CoIl. M. Rynth. 

Distribution: First record from India. Also Central America, 
Europe (Palaearctic and Nearctic). 
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Remark8; Distinguishing characters of the species are the presence 
of 15 to 17 marginal denticles and fascicles on the postabdomen and a 
minute tooth at the infero-posteal angle of the valve. 

18. Alonopsis aureola Doolittle 

(Text-fig. 7 C, D) 

1912. Alonopsts aureola Doolittle, Proc. U. S. nat. Mus., 43 (1940) : 561-565, pI. 2, 

fig. 11. 

F 

0·5 mm 

0-5 mm 

E o· 2 mm , 
G 

Text-fig. 7. Cladocera of Assam. (A-B) Alonopsis elongata Sars, A. lateral view, 
B. post-abdomen; (C-D) Alonopsis aU'reola Doolittle, C. lateral view, 
D. post-abdomen; (E-G) Alona quadrangularis (ilIiiller), E. lateral view, 

F. labrum, G. claw and tho posterior part of the post-abdomen. 

Material: 1 ex., Ward Lake, Shillong ; 21. viii. 61, ColI. M. Rynth. 

·Distribution: First record from India. Also America. 
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Re·marks: There are about 11 marginal denticles and no lateral 
fascicles on the postabdomen. The infero-post~l tooth of the valve 
is absent. 

19. Leydigia quadranguIaris (Leydig) 

(Text-fig. 6 A-C) 

1860. Lyncus quadrangularis Leydig, Naturg. der Dephn. : 221, pl. 8, fig. 59. 

1863. Alana Zeydigii Schoedler, Neue Beitrage Zur. Naturgeschichta der cZodocern, 
Berlin: 27. 

Material: 1 ex., Diglipokhri, Nurrrv No. 1. Gauhati. 24. iv. 61, 
ColI. K. Reddiah. 

Distribution: First record from India. Also Pale arctic , Nearctic 
and Neotropical. 

Remarks: The important characters of the species are, valves 
without marking, claws with basal spines and the shape of the labium 
keel. 

20. Leydigia acanthocercoides (Fischer) 

(Text-fig. 6 D) 

1884. Lynceus acanthocercoides Fischer, Bull. Soc. nat., A{oscou, 27: 431, pl. 8, 
figs. 22-23. 

lJII ateriaZ: 1 ex. , Diglipokhri, Nursery No. f, Gauhati ; 24. iv. 61, 
CoIl. K. Reddiah. 

Distribution: India: W. Bengal and Rajasthan. Also Palaarctic, 
Nearctic, Neotropical, Oriental and Ethiopian. 

Remarks: The Present species is nearer to Leydigia propinqua Sars 
from which it differs in the general outline 'of the shell and smaller 
ocellus in comparison to the eye. 

21. Alona affinis (Ley ding) 

(Text-fig. 8 C, D) 

1860. Lynceus affinis Leydig, Naturg, de Daphn. : 223, pl. 9, figs. 68, 69. 

Material: 1 ex., Ward Lake, Shillong.; 9. iv, 63, ColI. M. Ryntk. 

Distribution: First record from India. Also cosmopolitan 
(Europe, North & Central Asia, Australia and North and South 
America). 

Rem~rk8: This species is very near to A. quadrangular-is but differs 
from it in the presence of spinules at the base of the end claws. Three 
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varieties are found this species i. e., var. ornata Stingelin 1895, var. 
dentata Verescagin, 1911 and var. affinis Leydig, 1860. The specimen 
has been referred to the typical variety.· 

22. AloDa quadrangularis (0. F. Miiller) 

(Text-fig. 7 E .. G) 

1785. Lynceus quadrangularis l\1iiller, Entomostraca : 72, pl. 9, fig. 1-3. 

Material: 2 ex., Ward Lake, Shillong ; 9. iVa 63, CoIl. M. Rynth. 

Distribution: First record from India. Also Nepal (Kalipokhari) 
widely distributed in Central America) Europe. 

0-2mm 

A 

c 

Text-fig. 8. Cladocera of Assa.m. (A-B) Alona guttata Sars, A. latera.l view, B. post
a.bdomen ; (C-D) 4lona affinis (Leydig), C. lateral view, D. post-abdomen; 

E. Ohydorus sphaericus (l\1Uller) t lateral vi~w, 
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Remarks: The specimens of the collection were in a disintegrated 
condition as it was collected dead from the lake but the postabdomen 
is characteristic enough to identify them. The greatest height is usually 
posterior to middle of the valve and the postabdomen is large, flattened, 
the dorsal margin of which dialated. Two varieties, lepida Birge, 1892 
and dilatata Verescagin, 1911 have been noticed in this species. 

23. Alona guttata Sars 

. (Text-fig. 8 A, B) 

1862. A.lona guttata Sars, Forhandl. Selsk. Ohristinania, : 287. 

Material: 2 ex., Ward Lake, Shillong; 18. i. 61,.Coll. M. Ryntk. 

Distribution: India: S. India and Ladakh. Also cosmopolitan. 

Remarks: This species resembles A. costata in body shape but 
differs from it being smaller in size and having less arched dorsal 
margin. The postabdomen is with 8-10 marginal denticles and without 
lateral fascicle. Carapace sculpture is variable and usually two varieties, 
guttata Sars and tuberculata Kurz, 1874, were found to occur. The 
present specimens belong to the typical variety. 

24. Cbydoros spbaericos (O. F. Muller) 

(Text-fig. 8 E) 

1785. Lynceus sphaericus O. F. 1\liiller, Entomostraca : 71, pI. 9, figs. 7-9. 

'MeteriaZ: 3 ex., Ward Lake, ShUlong : 18.i.61, CoIl. M. Ryntk. 

Distribution: India: S. India, Kashmir, Ladakh and Chotanagpur. 
Also cosmopolitan (America, Europe). 

Remarks: Specimen ~elonging to the species can be classified within 
following four varieties due to their variation ,of some characters, var. 
nitidus Schoedler, 1868; var. coelatus Schoedler, 1863, var. Javoso, 
Brady, 1868,= {8yn. punctatu8 Hellich, 1878) ; leonardi !(ing.={syn. alaxan
drovii Poggenpohl, 1878 ; syn. rninor Lilljeborg, 1880) and typica. One 
specimen out of the three can be assigned to the var. nitidus as its 
shell is without marking and the other two in the typical varie~y 
having the usual marking on the shell. 

SUMMARY 

The paper deals with cladocera collections from three different 
ecological nitches i. e., a small lake in higher altitude like, Ward Lake, 
Shillong, nursery tanks in Gauhati where fish fr~es are cultured an.d 
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natural water logged areas of Lakhimpur, N. Assam. As a result of 
this study 24 species of cladocera have been identified, 16 from Ward 
Lake, 8 from Gauhati and 5 from Lakhimpur area. So far 34 cladocera 
species are known to occur from Assam and adjacent hill states in 
North East India. 
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ANIMAL REMAINS FROM CHIRAND, 

SARAN DISTRICT (BIHAR) 

By 

BHOLA NATH AND M. K. BISWAS 

Zoological Survey of I naia, Oalcutta 

( With 2 Plates) 

INTRODUCTION 

This report is based on a collection of animal remains from the pre
historic site of Chirand, Saran district, Bihar. The remains belong to 
the Neolithic period ca 1700 B.C. The Chirand site is a Black Red Bare 
site and was excavated by the Archaeological Department, Government 
of Bihar, under the supervision of Dr. B. P. Sinha. Fortunately, the 
stratigraphy of this site has been determined, making it possible to 
assess almost precisely the fauna that lived in the area in the Neolithic 
times. 

The following species are represented in the site: (a) A carp, 
(b) Okitra indica (Gray), (c) Trionyx gangeticu8 Cuvier, (d) Bos indicus 
Linn., (e) Bubalus bubalis Linn., (f) Ovis aries dolichura Duerst., (g) Axis 
axis Erxleben, (h) Oervus auvauceli Cuvier, (i) SU8 8crofa cristatu8 Wagner, 
(j) Elephas maximus Linn., (k) Rhinoceros unicornis Linn. and (1) Oanis 
familiaris (Linn.). 

The skeletal remains are mostly fragmentary and fragile. The organic 
remains of the bones have been replaced by inorganic materials. The 
majority of the remains are of domestic animals, the most prominent 
being those of zebu or domestic humped cattle of India. The limited 
number of the Indian buffalo remains indicate that the inhabitants 
probably did not maintain this animal in such large numbers as compa
red to humped cattle. ~he remains of sheep and domestic pig are well
represented, showing that people then practised full-fledged domestica
tion of these animals. The presence of remains of the dog at the site 
shows that the people domesticated this animal. 

Among wild animals, two species of the deer family, Axis axis and 
OervU8 duvauceli, are represented. The remains of the great Indian one
horned rhinoceros and the Indian elephant are noteworthy since these 
animals are no longer found in that area, and thereby shows that the 



116 Records of the Zoological Survey of India 

climate and physiography of the area during the Neolithic period was 
moist and swampy instead of the present day dry climate. 

The Chirand remains resemble in their species those of Mohenjodaro 
(Sewell & Guha, 1931), Harappa (Prashad, 1936), Hastinapura. (Nath, 
1955), Maski (Nath, 1957), Adamgarh (Nath, 1967), Nagarjunkonda' 
(Nath, 1968), Brahmagiri (Nath, 1968), Rupar (Nath, 1968) and Alamgir
pur (Nath & Biswas, 1969). 

SYSTEMATIC ACCOUNT OF THE ANIMAL REMAINS 

Class PISCES 

Order TELE0 STEI 

A Carp 

Boken operculor bone. Site: CRD XI. Can.not be identified further. 

Class REPTILIA 

Order CHELONIA 

Family TRIONYCHIDAE 

Chitra indica (Gray)-

(Soft-shelled River Turtle) 

One fragment of plastron. Site CRD XIII ; Stratum : (9) ; Locus : 
(6B). 

In pattern and vermiculations this fragment resembles those of 
Mohenjodaro (Swell & Guha, 1931, p. 663), Harappa (Prashad, 1936, 
p. 14), Hastinapura (Nath, 1955, p. 108), Rangpur (Nath, 1968, p .• 72) 
and Alamgirpur (Nath & Biswas, 1969, p. 44). 

,Trionyx gangeticus Cuvier 

(Soft-shelled Turtle) 

One fragment of hypoplastron. Site: CRD XIII; Stratum: (9); 
Locus: (6A). 

The single fragment of T. gangeticu8 corresponds to those of Mohen
jodaro (Sewell & Guha, 1931, p. 644), Harappa (Prashad, 1936, p. 15) 
and Hastinapura (Nath, 1955, p. 108) as well as to those of the recent 
specimens in the collection of the Zoological Survey of India. 
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Class MAMMALIA 

Order ARTIODACTYLA 

Family BOVIDAE 

Dos indicus Linn. 

(PI. I, fig. 5 & PI.II, figs. 3, 4, 5 & 9). 

1. Left ramus of the lower mandible. Site: CRD XI ; Stratum: (16) ; 
Locus : (14). 

2. Left ramus of the mandible of an young one. Site: CRD XI ; 
Stratum: (17); Locus: (9b) ; Depth: 10 m. 

3. Left 3rd lower molar. Site: CRD XI-; Stratum: (17) ; Locus: (10). 

4. Broken sacrum. Site: CRD XI ; Stratum: (16) ; Locus: (18). 

5. Broken horn core with a fragment of frontal bone. Site: CRD XI ; 
Stratum: (17) ; Locus: (17). 

6. Fragment of ramus of the left lower mandible with 1-3 molars. 
Site: CRD XI ; Stratum: (16) ; Locus: (15). 

7. Horizontal ramus of the right mandible with broken and eroded 
teeth. Site; CRD XI ; Stratum: (17) ; Locus: (9a) ; Depth: 10 m. 

8. Third phalanx of hind foot. Site: CRD XI; Stratum: (17); 
Locus: (24B). 

9. Third phalanx of fore foot of a young one. Site: CRD XI; 
Stratum: (17) ; Locus: (24A). 

10. Axis vertebra (broken). Site: CRD XI ; Stratum: (17) ; Locus: 
(5) ; Depth: 10 m. 

11. Fragment of horizontal ramus of left mandible with 1st and 2nd 
molar teeth of a young one. Site: CRD XIII; Stratum: (9); 
Locus: (l2D). 

12. Left 3rd and 4th metatarsal of an adult one. Site; CRD XIII; 
Stratum : (9) ; Locus : (3B). 

13. Horn core· of a young one. Site: CRD XIII; Stratum : (9); 
Locus: (5). 

14. Distal fragment of right femur. Site: CRD XIII; Stratum: (9) ; 
Locns : (2A). 

15. Left tibia. Site: CRD XIII; Stratum: (9) ; Locus: (1). 

16. Left 3rd and 4th metatarsal bone. Site: CRD XII ; Stratum : (9) ; 
Locus : (3A). 
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17. Proximal fragment of left ulna with semilunar notch and broken 
odontoid process. Site : CRD XIII; Stratum :. (9) ; Locus : (10). 

18. Horizontal ramus of left mandible with 2nd, 3rd & 4th premolar 
and 1st molar. Site: CRD XIII; Stratum: (9) ; Locus: (12C). 

19. Thoracic vertebra with broken spinous process. Site: CRD XIII; 
Stratum : (9) ; Locus : (4B). 

20. Fragment of right upper jaw with 1st & 2nd molar and 3rd premolar 
teeth. Site: CRD XIII; Stratum: (9) : Locus: (120). 

21. Distal fragment of lefr femur. Site: CRD XIII; Stratum: (9) ; 
Locus ; (2B). 

22. Horizontal ramus of right mandible with 1st, 2nd & 3rd molar 
teeth. Site: CRD XIII; Stratum : (9) ; Locus : (11). 

23. A fragment of rib. Site CRD XIII; Stratum : (9) ; Locus : (8). 

24. Axis vertebra. Site: CRD XIII; Stratum: (9) ; Locus (4A). 

25. Atlas vertebra. Site: CRD X[ ; Stratum : (17) ; Depth : 10m. 

26. Axis vertebra. Site: CRD XI ; Stratum; (17) ; Depth: 10m. 

27. 3rd and 4th metatarsal bone with one of the distal condyles broken. 
Site : CRD XI ; Stratum : (17). 

28. Fragment of horizontal ramus of mandible with 3rd molar tooth. 
Site: CRD XIII; Stratum: (7). 

29. Fragment of distal portion of radius. Site: CRD XI ; Burial 2 ; 
Stratum: (2). 

30. Left astragalus. Site: CRD XI ; Burial 2 ; Stratum: (2). 

31. Right astragalus. Site: CRD XI ; Burial 2 : Stratum: (2). 

32. Lumbar vertebra without spinous process. Site: CRD XI ; Burial 
2 ; Stratum: A (1). 

33. 5th Lumbar vertebra with broken transverse process. Site: CRD 
XI ; Burial 2 ; Stratum: (1). 

34. 1st phalanx of fore limb. Site: CRD XI ; Burial 2 ; Stratum: (4). 

35. 1st phalanx of fore limb. Site : CRD XI; Burial 2; Stratum: 
A (4). 

I 

36. Upper portion of a cervical vertebra without body and transverse 
process. Site: CRD XI ; Burial2; Stratum: (6). 

37. Distal fragment of right tibia. Site: CRD XI; Burial 2; 
Stratum: (3). 

38. Fragment of the horizont9-1 ramus of right mandible with an incisor 
tooth. Site: CRD XI ; Burial 2 ; Stratum : (7). 
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39. Ventral portion of a cervical vertebra with body and transverse 
foramina. Site: CRD XI ; Burial 2 ; Stratum: B (1). 

The remains of humped cattle are fragmentary. The great frequency 
with which they are met with during the excavation as compared with 
the finds of other animals, indicates that the inhabitants used to maintain 
large herds. 

All the remains resemble closely those of the smaller humped short
horned variety found from Mohenjodaro, Harappa, Hastinapura, Maski, 
Rupar and Alamgirpur. These bones also show close structural resem
blances with those of the modern domestic humped cattle of India in 
the collection of the Zoological Survey of India. 

Bubalus bubalis Linn. 

(Pl. I, fig. 10) 

(The Indian Domestic Buffalo) 

1. Horn core of an young one. Site: CRD XI; Stratum: (17); 
Locus : (7 A). 

2. Broken horn core with a por tion of frontal bone. Site: CRD XI ; 
Stratum: (17) ; Locus: (5). 

3. Horn core with a portion of frontal bone. Site: CRD XI ; Stratum: 
(13) ; Locus : (7). 

·4. Horn core with a portion of frontal bone. Site: CRD XI ; Stratum 
: (17) ; Locus: (7). 

5. 4th Cervical vertebra. Site: CRD XI ; Stratum : (17); Locus: (5) ; 
Depth: 10m. 

6. 6th Cervical vertebra with broken spinous process. Site: CRD XI ; 
Stratum: (17) ; Locus: (5) ; Depth: 10m. 

7. Thoracic vertebra without spinous process. Site: CRD XI ; Stratum 
: (17) ; Locus: (5) ; Depth: 10m. 

The few remains of Bubalu8 bubaZis Linn. show that the inhabitants 
did not maintain large herds of this animal. 

The· buffalo remains show very close structural resemblance with 
those of modern domestic animals. They are also similar to those 
of Mohenjodaro, Harappa, Hastinapura, Rupar, Brahma~iri anq 
Alimgirpur. 
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Ovis aries dolichura Duerst 

(PI. I, fig. 4 & PI. II, figs. 1 & 2) 

(The Domestic Sheep) 

1. Fragment of frontal bone with broken horn cores of both sides. 
Site: CRD XI ; Stratum: (16) ; Locus: (13). 

2. Fragment of skull. Site: CRD XI ; Stratum: (16) ; Locus: (19). 

3. Fragment of the left ramus of mandibl~ with 4th premolar and 1st, 
2nd and 3rd molar teeth. Site: CRD XI ; Stratum: (16) ; Locus: 
(15). 

4. Left humerus without proximal extremity. Site: CRD XI ; Stratum: 
(17) ; Locus ; (26). 

5. Right scapula with b~oken blade. Site: CRD XI; Stratum: (17) ; 
Locus: (11). 

6. Fragment of right ramus of mandible with condyle and coronoid 
process and also with 3rd molar tooth. Site: CRD XIII ; Stratum : 
(9); Locus: (12A). 

7. Fragment of horizontal ramus of -mandible of a young one with 3rd 
& 4th premol~rs and 1st & 2nd molars. Site: CRD XIII; 
Stratum; (9) ; Locus: (12B). 

8. Broken skull (without nasal bone) with upper 2nd, 3rd & 4th pre
molars and 1st, 2nd & 3rd molars of the left side only. Site: 
CRD XI; Burial 2. 

The remains of the domestic sheep are fragmentary, and mostly 
belong to those of the young ones which shows that the people practised 
full-fledged domestication of this animal. 

The fragments closely resemble those from Mohenjodaro, Harappa. 
and Hastinapura. 

'Family SUIDAE 

Sus scrofa cristatlis Wagner 

(PI. I, fig. 3 & Pl. II, fig. 10) 

(The Indian Domestic Pig) 

1. Upper task or canine tooth. Site: CRD XI ; Stratum: (17) ; locus: 
(25). 

2. Left ramus of :mandible with 4th premolar and 1st & 2nd molars of 
an young one. Site: CRD XII ~ Stratum: (9) ; Locus: (12E). 
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3. Fragment of the skull without front and rear portion of an young 
one with 3rd & 4th premolars and 1st & 2nd molars. Site: CRD 
XI; Burial 2. 

4. Fragment of left ramus of mandible with 3rd & 4th premolar, 1st & 
2nd molar, 1st & 2nd incisor and a broken canine teeth of an 
young one. Site : CRD XI ; Burial 2. 

The remains of the domestic pig ate mostly fragmentary. Not a 
single complete long bone or complete skull of the adult specimen is 
available and it is difficult to be certain about the size of the animal. 

Similar remains have also been recorded from Mohenjodaro, 
Harappa, Hastinapura, Rangpur, Nagda and Rupar. 

Family CERVlDAE 

Axis axis Erxleben 

(PI. I, fig. I) 

(The Chital or Spotted Deer) 

A fragment of antler. Site: CRD XI ; Stratum: (17) ; Locus: (21B) ; 
Depth: 10 m. 

This solitary fragment has been carefully compared with those of the 
Axi8 axi8 Erx!. in the collection of the Zoological Survey of India and 
those of Prabhas (Nath, 1967, p. 66) and Brahmagiri (Nath, 1968, p. 75), 
and have been found to tally with one another. 

Cervus duvauceli Cuvier 

(PI. I, fig. 2) 

(Swamp deer or Barasingha) 

1. Fragment of an antler with burr. Site: CRD XI ; Stratum: (17) ; 
Locus: (21A). 

2. Two fragments 9f antler. Site: CRD XIII; Stratum: (9). 

These fragments have been carefully compared with those of o. 
oova'Uceli in the collection of Zoological Survey of India and those of 
Mohenjodaro (Sewell & . Guha, 1931, pp. 649-673), Harappa (Prashad, 
1936, p. 53 ), Hastinapura (Nath, 1955, p. 119) and Alamgirpur (Nath &.. 
Biswas, 1969, p. 50). 

16 
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Order - PROBOSCIDEA 

Family ELEPHANTIDAE 

Elephas maximus Linn. 

(PI. I, figs. 11 & 12) 

The Indian Elephant 

1. Frag~ent of the upper molar tooth. Site: CRD XI ; Stratum: (17) ; 
Locus: (4). 

2. Unciform bone of manus. Site: CRD XI ; Stratum: (17) ; Locus; 
(1) ; Depth: 10 m. 

These remains ,resemble closely thos<1 of the modern specimens pre
sent in the collection of the Zoological Survey of India. The unciform 
bone of manus is quite intact and well preserved and belongs to an 
adult. These show the presence of wooded swampy area near the babi
tational site. 

Similar remains have also been recorded from Mohenjodaro, 
Harappa, Hastinapura, Ru.par, Lothal and Nagda. 

Order PERISSODACTYLA 

Family RHINOCBROTIDAE 

Rhinoceros unicornis Linn. 

(PI. II ; figs. 6, 7 & 8) 

(The Great Indian One-horned Rhinoceros) 

1. Proximal fragment of ulna with semilunar notch and broken 
olecranon process. Site : CRD XI; Stratum : (17) ; Locus: (6) ; 
Depth: 10.1m,. 

2. Left tibia without proximal and distal epiphysis. Site: CRD XI ; 
Stratum: (17) ; Locus: (3) ; Depth: 10 . .1 m. 

3. Fragment of upper molar tooth. Site: CRD XI; Stratum: (9) ; 
Locus : (9). ' 

4. "Complete left humerus. Site: CRD XII; Stratum: (17) ; Locus: 
(3) ; Depth: 10m. 

The presence of rhinoceros remains shows that the animal existed in 
the Neolithic period of prehistoric Chirand and that the climate "at that 
time was moist and swampy instead of the present day dry climate, 
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Order CARNIVORA 

Family CANIDAE 

Canis familiaris (Linn.) 

(PI. 1, figs. 6, 7, 8 & 9) 

The Domestic Dog 

1. Right humerus. Site: CRD XI ; Burial 2 ; Stratum: (11). 
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2. "Fragment of the shaft of left ulna without olecranon process and 
distal end. Site:- CRD XI ; Burial 2 ; Stratum: (10). 

3. Fragment of the distal portion of the shaft of right ulna. Site; CRD 
XI ; Burial 2 ; Stratum: (15). 

4. 4th metatarsal of an young one. Site: CRD XI ; Burial 2,; Stratum 
: (20). 

5. Proximal fragment of right scapula with glenoid cavity, neck and a 
portion of blade. Site: CRD XI ; Burial 2 ; . Stratum : (13). 

These remains are fragmentary, but compared well with recent 
examples of O. jamiliaris and do not show any special peculiarity. The 
domestic dog was eVidently a pet animal of the inhabitants. 
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SUMMARY 

The prehistoric animal remains froth the site of Chirand, Saran 
district, Bihar, have been studied. They belong to the Neolithic culture. 
Twelve species have been found. The remains are mostly those of 
domesticated' animals, viz., Bos indicus, Bubalus bubalis, Ovis aries 
dolichura, Sus scrofa cristatus and Oanis familiarise Of the wild animals, 
the presence of Axis axis, 0 ervus duvauceli, Elephas maximU8 and Rhino
ceros unicornis is noteworthy. The presence of all these animals in the 
Neolithic period suggests that the habitational sites at that time were 
situated amidst jungles and undulating grassy land. The reptilian 
remains are mainly those of the turtles, Ohitra indica and Pt'ionyx 
gangeticus. 
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NATH &. BISWAS PLATE I 

1 Fragm,eut of antler of Axis .axis Erxlehen, :2. Fragments of antlo' of Ccn'us 
dUt'auccli euvier, 3 Fragment of right lower andible o.f Sus ,scrofa, cristatus 
Wagner, 4. Fr,a.gment of amus of ulandible of Oris a'ries dolichu1'a, Ducrs't.., 
5. Broken axis vertebra of Bosindicus I I, n., G, F ,'agm,ent of 4th luetata"3al of 
Oanisjam,ilia'ris (Linn,.), 7. Fr.agment of the sbaft of ulna of Oanis fantUia'ris 
(Linn.), S. Right humerus of Canis jam'tlia1'is ( inn.), 9. Fragment of the 
sha.ft of ulna of Oanis ja1niliaris (Linn.), lO.FragmeDt of hor core of young 
Buba.lus bubalis Linn., 11. Unciform bone of manus of E ,lephas 'In,areinl,u~ ~t~n, 
12. Fra.gment of the ul?ver mola..- tooth of El,efkas 1nqx1mus Li~~. 
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NATH & BISWAS PLAT!! II 

1. B,ro),cll skull of Oris a1'ie~ dolichura Duerst (dorsal view), 2. Broken skull of 
Ot"is aries dolichul'a ,Duerst (ventral view), 8. ,Broken f,amur of Bos indicus Linn., 
4. Left tibia of Bos indiCliS Linn., 5. Brd & 4tb Metatarsal of Bas indicus Linn ... 
G. Left humeJ.'us of Rhinoceros unicornis Linn. (dorsal view), 7. ,Left humerus of. 
Rh~noceros unicorn-is Linn. (ventral view).. 8. Proximal fragmeut of ulna ,of 
Rhi1'tOceros unicor-nis Linn., 9. Horizontal mmus of right m,andible of Bos -i1~dicus 
Liun., 10. Fl1~sment of right lower mandibles of Sus s(Jroja CTistatus Wa~net. 
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A NOTE ON GEOGRAPHIC VARIATION 

IN THE INDIAN BLACKBUCK 

(ANTILOPE CERVICAPRA Linnaeus,1758) 

By 

COLIN P. GROVES 

Australian National University, Oanberra, Australia. 

( With 2 Text-figures ) 

The Blackbuck is one of the species which is restricted to the Indian 
subcontinent. It is not the only Bovid to be so restricted : the Nilghai 
(Boselaphus tragocamelus) and Four-horned antelope (Tetracer?.ts quadri

cornis) are also confined to the subcont~nent; but the v.ery fae:t that 
each of these three species occupies a genus by itself, and has never 
been found, even as a fossil, outside the Indian region, indicates that 
,here we have the B6vid component of "India vera", product of the 
Peninsular amphitheatre of faunal and floral differentiation (Mani, 
1974, XXIV). 

The first author to study geographic variation of blackbuck was 
Zukowsky (1927a, b ; 1928a, b ; 1929) ; prior to his study it had been 
assumed that variation within ,the species' range was non-exist~nt or 
negligible, on the grounds one supposes that a plains-inhabitant within 
India would not have much restriction on its movement, hence not 
much opportunity to develop geographic forms in a situation of restri
cted gene-flow between populations. 

- . 

The systematics of Zukowsky have been ~uch criticised' as those 
of an extreme "splitter". A historical ~ac:kground may be helpful here. 
Zukowsky was a pupil of Paul ~atschie, who believed that a genus was 
represented by a different species in each river system encompassed by 
its range;, each of these species was a product of Special Creation. 
Matschie had no truck with evolutionary ideas. If he had before samples 
from two different river systems, therefore, it ~as not a question of 
comparing them to see whether they differed taxonomically, but to see 
what the differences were, for differences there must be, in his 
philosoplly. It is interesting that in this theory can be seen the germs 
of a systematic theory' based on populations: in this sense, Matschie 
was well ahead of his time, although he would have been the first to 
reJl10nstrate a~ainst placin~ any such interpretation on his views, 
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Where two species met, as they were bound to, occasionally they 
would, Matschie supposed, form hybrids. Concerned with the genetic 
advance~ of his day as little as with the advances in evolutionary theory, 
Matschie had his own ideas as to what these hybrids would look like: 
they would have the characters of one of the parent species on one side 
of the body, those of the other on the other side! The testing of this 
hypothesis came in 1910, with a paper by Zukowsky on some wild shot 
buffaloes and hartebeest from Africa, which showed horn asymmetry; 
these specimens were naturally enough, the long-sought "half-sided 
hybrids". The fact that in some cases the parent forms were undes
cribed was no deterrent. Zukowsky went right ahead and described 
Buba7us caffer cunenensis and cubangensis from a single specimen, the 
former being represented by the right horn, the latter by the left horn, 
'of the same specimen. As he did give ranges of variation for the horn 
characters of his two new forms (and the other buffaloes and hartebeests 
'described at the same time, two per specimen), one must suppose that 
specimens representing the parent forms were in fact to hand : but if 
so they have never been· described, nor are they at present in any 
museum visited by me or by anyone known to me. 

The ridicule heaped on Zukowsky for this paper is easy to imagine. 
In retrospect, it does seem most unfair for Matschie to have off-loaded 
the task of demonstrating his impossible theory onto his fresh young 
student: especially as it appears to have been Zukowsky's first publica
tion. Yet, Zukowsky did hold to this theory for at least 20 years 
following, and as we shall see he thought he had an example of a half
sided hybrid in his Blackbuck ccllection. 

Matschie went on to become more mystical, and eventually came 
to speak of species as inhabiting no river valleys but quadrats of the 
earth's surface. At some point, Zukowsky seems alwas to have parted 
company with him philosophically, although he seems always to have 
retained an enormous respect for his memory after his death in 1924, 
quoting him on every possible occasion. He himself however went on 
to fit fairly well, though always a little on the "splitter" side of the 
spectrum into taxonomic thought of the 1930s to 19505 ; by the time 
he died in 1965 he had even been known to mention the theory of 
evolution once or twice in his writings. 

Matschie and Zukowsky were not, in general, known for describing 
new taxa from large samples; it must be admitted, however, that they 
did tend to allot more specimens per taxon than some of their contempo
raries -such taxonomists as Rothschild and Lydekker, and even Pocock, 
were distressingly fond of creating new species or subspeCies on th~ 
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basis of single specimen. But it is quite unexpected to read in his 
first paper on Antilope (1927a) that Zukowsky had exanlined "about 
85" living ~pecimens -and divided them into only three taxa! It was 
unfortunately not stated how many individuals represented each taxon · 

" , 
nor were any type specimens mentioned; and there is no record 
that any of these specimens (imported by Carl Hagenbeck for his zoo 
at Stellingen, Hamburg) ended up in a museum. 

Although he had- previously pre-empted his teacher, Matschie, in 
adopting the subspecies concept, in this case Zukowsky described his 
three blackbuck taxa as full species. They were as follows : 

(1) Antilope cervicapra Linnaeus; type locality fixed as "Inlan~ of Trivandrum", 
in the modern Kerala. Very small; horns about 40-45 cm. long, little' divergent, with 

\ 

only 21-3 (occasionally 3~-4) spiral turns. Old males black-brown to black in the breeding 
season; both sexes very short-haired. Limbs very faintly marked, "almost white below 
knees. The southernmost species. 

(2) Antilope hagenbecki spec nov.: type locality, hinterland of Calcutta. About 
a hand's breadth higher at withers; horns wide-spiralled, over 10 cm longer than in 
previous form, more divergent with at most 3-4 spiral turns. Old males coloured as 
previous species; but with more clearly marked leg pattern -a sharply mark brown stripe 
reaching almost to hoofs on outer side of legs. From the northeastern part of 
"Vorderindien". 

(8) AntilopB '1'ajputanae spec. nov.: type locality, Bahawalpur, now in Pakistan. 
Large like the previous form; horns 70 em. long, even more divergent, with 6 clear, 
narrow turns. A clear grey sheen on back, flanks and outer side of legs; pattern in 
between the first two on limbs, with only a whitish-yellow "sbadow-stripe" below knee. 
Hair in both sexes much longer than in previous two species. The species from Rajputana 
and Pupjab, Although the diagnosis is as abov~, Zukowsky also mentions, in the same 
paper, a specimen referred to this species with horns only 50 em. long with 4~-5 spiral 
turns, and less divergent. 

Apart from the uncertainty about the precise number of specimens 
seen, most of the diagnostic characters refer only to adult males: and 
presumably the imports would have contained at least 50 010 of females. 
StUI, the division into three species is obviously much more securely 
based than many of the taxonomic apportionments of the day. Although 
he does not say so in so many words, his species hagenbecki and 
,ajputanae are based on the Ganga and Indus rivers respectively; only 
cervicapra has no strict river-valley allocation. 

In the same paper, Zukowsky goes on to say that the range of 
hagenbecki does indeed go west along the Ganga system, as far as Agra 
according to records from the literature, and perhaps even to Gwalior, 
unless there is a special Central Indian form; the male from Gwalior 
in Plate XLVII of Sclater & Thomas's Boole oj Antelopes (1894-1900) has 
a ~rey sheen like rajputanae, and long horns, b~t the horn twists are 



128 Records of tke Zoological Survey oj India, 

very wide, and only 3-4 in number, while again the pattern on the 
legs is not so sharply marked. 

In a second paper in the same year, Zukowsky (1927b) redescribes 
the leg patterns of his three species, stressing that kagenbecki is more 
different from the other two, in its clearly, marked leg-stripe, than they 
are from each other. 

The following year Zukowsky (1928a) mentioned seeing a further 
28 specimens; most of these were from the northeastern part of India 
and could be identified with difficulty as hagenbecki, but the other 6, 
from Agra, resembled the plate in Schiter & Thomas (1894-1900) and 
so a new species was required: duly described as Antilope centralis. 
Like rajputanae and hagenbecki, this is a big form with. strong horns 
up to 70cm. long, with a very long flat spiral of only 3 turns; the axes 
of the horns stand at 20° to the nasofrontal plane, not in the same 
plane as in the other l;aces. Like rajputanae it has grey ~heen; the 
leg mark reaches the fetlock although not as strong marked as in 
hagenbecki. 

In fact, Zukowsky said, Agra is at the very eastern edge of the range 
of centralis, for one of the specimens from this locality is -yes, a half
sided hybrid: it has the right horn of hagenbecki, the left horn of 
centra lis ! And to b~ sure, the photograph he gives of the animal 
shows a very odd-looking asymmetry. 

A short description, was also given in this paper of seasonal changes 
in colour in male blackbuck. A buck of d. hagenbecki in November
and December 1927 was a shining black-brown colour; in mid-May of 
the following year it began to lighten, and by the beginning of July had 
a yellow-brown coat with a gazelline lateral flank-stripe: only the 
head, neck and limbs remaining darker, just slightly lightened from 
their winter hue. 

A second publication in 1928 described four males of cervicapra 
obtained by Hagenbeck from the southern part of India; they sub
stantiate his earlier description of this species as being small and short
haired, and deep brown to black in winter ; in summer they too became 
much lighter in tone. 

A final publication by Zukowsky (1929) describes skulls of two of 
his species: A. rajputanae was said to have broader frontals than A. 
centralis, a shorter molar row, sn1aller lacrimal, broad intermaxillae, 
and small supraorbital foramina. The significance of these differences 
is diminished by the size and quality of the samples studied: a single 
a.dqlt male rajputanae, 3:nd two young males of centralis ; op.e Qf therq 
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castrated! The greater skull breadth and shorter 'molar row of the 
former species are adequately explained by the age difference. 

Ellerman & Morrison-Scott (1951), obviously impressed by the 
large samples ("over a hundred living specimens", as they go out of 
their way to point out), accept Zukowsky's classification with only the 
qualification that his species are actually only subspecies. They make 
also one nomenclatorial change: Zukowsky's name hagenbecki is super
seded by Antilope rupicapra MiilIer, 1776, which as they point out 
is not preoccupied by Oapra rupicapra Linnaeus (the earliest name for 
the Chamois of Europe). 

Thus far the literature. But the theory and practice of taxonomy 
has in the meantime changed, and the question that immediately occurs 
to an inquirer in 1977 is whether these four subspecies are real, or 
whether they are merely the ends of cross-cutting clines. That such 
a question is appropriate has been recognised by Corbet (1970), who' 
perhaps represents the modern co'nsensus viewpoint when he says, 

"The only solution, to make sub specific names meani.ngful, seetus 
to be to reject all names based on average differences or that 
have been shown to represent points on a cline; to treat as 
"provisional subspecies" groups that can be discretely diagnosed 
on the basis of presently available data but cannot yet be 
confidently considered to represent discrete groups in nature; 
and as "definitive subspecies" groups whose presence as 
discrete entities in natur~ has been shown by adequate 
sampling. " 

So, with the problem in mind -do the "subspecies", assuming the 
differences between them are real, represent discrete entities in nature? 
-we turn to the data. Collation of measurements on specimens from 
the British Museum (Natural History), the Rijksmuseum voor Natuurlijk 
Historie (Leiden), the Powell-Cotton Museum (Birchington, Kent, 
England), The Zoologisches Museum A. Humboldt (Berlin), ,the Indian 
Museum and the Zoological Survey of India (Calcutta), and the Bombay 
Natural History Society, we arrive at the results listed in Table 1. 
(Breadth measurements, also taken on each specimen where available, 
follo~ed the length measurements exactly, for adult male skulls). 

We see in Table 1 that skull length falls into two groups: those 
from the northwestern part of the range (Kathi.awar, Faridkot/Karnal/ 
Gurgaon/Hissar/Meerut, Bikaner, Gwalior/Agra/Aligarh, and various 
groupings not specified beyond State ("Punjab") or even vague area 
(,eN. W. India") being larger than those from southern ("Central 
Provinces" , Bhopal~ Deccan (Khandesh and Haturna (? = Atnur, 

~7 
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Karnataka near the Maharashtra border), (Hyderabad) and eastern 
(Kheri/Banda, Puri, and Palamau/Bokaro/Champaran) parts; skulls 
labelled only "United Provinces " (i. e., Uttar Pradesh) stretch across 
both these groups. From Fig. 1> it can be seen that this distinction 
is absolutely clear-cut: all skulls more than 230mnl. belong in the 
northwestern group, all these less than 230, in the southern and eastern 
group. Moreover, these two groups approach each other closely in 
Uttar Prodesh: the skull from. Aligarh is 231 mm. long, within the 
range of the Faridkot/Meerut sample, while the largest skull from Kheri 
or Banda is 225mm. It would therefore be most enlightening to know 
whether the "United Provinces" skulls -of which all but one (of -the 
complete, measureable ones) are in series, in the British Museum -are 
from a single locality, presumably somewhere between Aligarh and 
B~nda or Kheri, or from a number of widely scattered localities. As can 
be seen from Fig. 1, they range in length from 219 to 239mm., not quite 
covering the combined ranges of the whole of the other samples. 

TABLE I.-Skull and horn measurements of geographical groups of Blaclcbuclc 

(MALES). 

"N. W. India" 
"Kashmir" 
"Himalayas" 
"Punjab" 

"Raj puta na" 

Horn length 

Mean s.d. 

505.0 

420.0 

521.7 
550.4 

545.0 

39.05 

7.64 

58.40 

18.03i 

n 

3 

1 

3 

5 

3 

Kathiawal 530.3 48.14 4 

Faridkot/Meerut 639.1 36.48 10 
Bikaner. 

Gwalior/ Agra 
"United Provs." 

Kheri/Banda 

"Central Provs." 

Bhopal 

Deccan 
Dharwar 
Hyderabad 
Ban galore 
Puri 

Bihar/Bengal 

605.0 

526.0 59.23 

455.0 

498.6 

540.0 

540.0 

519.4 

467.0 
530.0 
430.0 

455.8 

383.0 

29.31 

61.31 

34.69 

37.53 
16.61 

2 

3 

12 

6 

2 

1 

8 

1 

1 

2 

7 
4 

Tip-to-tip 

Mean s.d. 

311.7 

305.0 

313.3 

69.8 

315.0 

25.66 

11.55 

87.92 

118.22 

Skull length 

n Mean s.d. n 

3 

1 

3 

5 

3 

238.5 

237.5 

235.0 

2 

2 

2 

348.7 76.29 3 234.0 1 
441.9 95.94 9 236.3 5.04 8 

442.5 

371.7 34.03 

838.8 

379.8 

482.5 

380.0 

364.2 

222.0 

345.0 

311.4 

302.0 

52.36 

47.07 

55.54 

64.53 

37.72 

2 231.0 

3 231.0 

12 

6 

2 

1 
6 

1 

2 

7 
·4 

231.8 

218.5 

2265 

202.0 

219.4 

225.0 

6.21 

6.35 

2.39 

4.58 

2 

1 

12 

4 

8 

1 

7 
1 

The single skull from Hyderabad deserves further comment. It falls 
right outside the range for the southern series as a whole, and 'so is· 
"small" as Zukowsky said cervicapra should be i but does it represent a 
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discrete, small form, or a point on a cline? There is no evidence either 
way as yet. Unfortunately specimens from Dharwar and, Bangalore, 
as far south, or further, are not represented by complete skulls. 

,. ... 
• 

., . 

••• 

I ,~ 

! • • i I • 

I • I I 
200 210 220 230 

• 

-.,. 

I I 
240 250 

Punjab • 
Haryana, 
Meerut (U. P.) 

Rajasthan, 
Kathiawar 

Aligarh (U. Pol 

United Provinces· 

Kheri, 
Banda (U.P.) 

Deccan 

Orissa I 
Bihar 

Hyderabad (A.P.) 

Text-fig. 1. Skull length in different geographical groupings of BlacJtbuck. 

Horn length varies rather differently: there is a general tendency 
for southern and eastern samples to have smaller horns than northern 
and western, but may have exceptions; and the standard deviations are 
-as one would expect -extremely large. The largest horns are those 
of the Faridkot/Meerut sample ; the smallest, from Bihar and Benga1. No 
marked asymmetry was noted, not even in the. potentially intermediate 
"United Provinces" series; the only noticeable asymmetry, and that 
not very marked, was in a British Museum specimen (no. 98. 6. 3. 1) 
from Kathiawar, in which the right horn is 530mm long, the left horn 
only 490. 

The tip-to-tip distance is a measure of horn divergence; obviously 
it must be taken in conjunction with horn length (tip-to-tip distance 
will be as great in a specimen with very:long, not very divergent horns 
as in one with short" widely divergent ones 1), but even when this is 
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done we have a picture like that of horn length: a general tendency, 
not very marked, for northwestern animals to have more divergent 
horns, but standard deviations so large aSI to render any search for an 
absolute di.stinction hopeless. 

In Table 2 are listed the numbers of spiral twists per horn, "in each of 
the samples. A weak correlation appears between this measure and horn 
length: specimens from the Faridkot/Meerut series have very long 
horns, with many turns (up to the maximun observed, 5~), while 
easternmost samples have rather short horns, with few turns (maximum 
3i ; more usually only 3 or even the minimum observed, 2-j). 

TABLE 2.-Number of horn spirals of geographical groups sf Blackbuck. 

UN. W. India" 
"Kashmir' , 

"Himalayas " 
"Punjab" 
"Rajputana" 
Kathiawar 
Faridkot/l\ieerut 

Bikaner 
Gwalior/ Agra 1 

"United Provs." 
Kheri/Banda 1 

"Central Provs. " 

Bhopal 
Deccan 
Hyderabad 
Ban galore 
Puri 2 

Bihar/Bengal 1 

3 

3 

1 

1 

1 

2 

2 

1 2 

2 

3 

1 

1 

2 

1 

5 

2 

3 

1 1 

5 1 
3 

4 

1 

2 

3 

1 

3 
2 
2 

3 

1 

1 

1 

1 

1 

5 

1 

1 

1 

1 

3 

As far as traditional subspecific differentiation goes J the coefficient 
of difference-the differenc"e between the means divided by the sum of 
the standard deviations), .the Faridkot/Meerut sample differs in skull 
length from the Banda/Kheri sample at C. D. = 1·56 ; from Puri at C. D. = 
1·76 ; and from Deccan at 1'32. An of these figures are above the level 
( C, D, = 1-27) of conventional subspecific difference, at 90% joint non
overlap or 75% VS. 100%

0 Compared to the general "United Provinces" 
sample, no other reaches this level. 

For horn length, Faridkot(Meerut is above this level of difference 
compared to Banda/Kheri, Puri, Deccan, Bihar, and Gwalior/Agra;. 
Bihar is above it compared to Deccan, Banda/Kheri and Gwalior/ Agra ; 
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no other pairwise comparisons reach the level. This means that among 
the samples of the Northwestern group, Faridkot/Meerut stand out, and 
Bihar/Bengal stand out among the southern and eastern samples-rather 
than these two groups differing from one another as a whole. 

The amount of skin material available for this study was rather 
limited: 8 complete skins, and 21 head-skins. All the skulls belonged 
to males; only 3 skins were female, all the rest males. 

The full skins consisted of 4 from Bengal, 1 from Mysore, and 2 
from Dharwar, together with the type of A. cent1'alis, from Gwalior. 
The Bengal skins all show the dark colour of the body extending right 
down the limbs, becoming nearly black on the pasterns; the adult 
male is dark black-brown, the young male and two females are paler 
brown, with a gazelle-like pattern of longitudinal light and dark zones 
on the flanks. These four are in the Leiden Museum. The young 
male from Mysore (British Museum) is a medium brown, and this colour 
too extends all the way down the legs-much more marked than 
Zukowsky said should be the case in A. cervicapra from southern India. 
The two from Dharwar (in Calcutta), a male and a female, are both 
red-brown, the male darker than the female, but not in its black 
breeding coat, with a dark line down the'limbs; and the type of A. 
centralis is, exactly as described by Zukowsky and figured in Sclater & 
Thomas (1894-1900), washed with a grey sheen, and having the dark line 
rather poorly marked down the limbs. 

The head:'skins show no particular differences in colour ; the head 
is in any case darker than the body in this species-except in the full 
sable livery-and does not appear ever to have much of a grey tone to 
it. One noticeable difference does stand out between one series and 
another however: in all the Northwestern specimens the eye-ring is 
very broad, both above and below the eye, whereas in southern and 
eastern specimens it is broad only below it, but rat~er narrow above. 
The type of centralis shows the broad type; the other full skins show 
the narrow type. Northwestern head-skins are from Faridkot, Kathiawar, 
Hissar, Kashmir, "Punjab", "Jarpin" (not traced), and "United 
Provinces"; southern and eastern ones are from Bhopal, Banda and 
"Central Provinces". It is interesting to note that of the five "United 
Provinces" head-skins, the only two whieh are associated with skulls 
have a skull-length of above 230mm. 

It remains firstly to compare these findings with Zukowsky's, and 
then to see whether the differenccs found between the regional forms are 
subspecific or not. Finally, diagnoses and synonymies will be given. 

Zukowsky said that rajputanae and centralis both have an overall grey 
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sheen, which the others do not ( in sable-coated males !). As far the 
extremely limited data go in the present study, this difference is probably 
valid. The degree of expression of the leg-stripe should be good in 
hagenbecki, fair in centra lis , poor in rajputanae, little or absent in 
cervicapra. The material seen in the present study allows no comment 
in the case of rajputanae, supports Zukowsky for centralis and kagenbecki, 
but fails to support him in the cervicapra case. Either, therefore, there 
is individual variability in southern India, or else Zukowsky's specimens 
came actually from a restricted locality further south than any seen in 
the present study. It is a pity that the distinctively small Hyderabad 
skull lacks an associated skin. 

Again, according to Zukowsky cervicapra should be smaller than all 
the rest, which are of equal size. Leaving aside the Hyderabad skull, 
.which mayor may not be from whatever region the Hagenbeck 
specimens derived from, we have seen that there is in fact a very clear
cut size difference of which Zukowsky was unaware: between his 
rajputanae" and centralis, on the one hand, and hagenbecki (and 
cervicapra ?) on the other. 

According to Zukowsky the horns are very long in centrali8 'and 
rajputanae, shorter in hagenbecki, very short in cerv·icapra. In the 
present study a restricted sample, probably referable to rajputanae (the 
Faridkot/Meerut sample), has very long horns, and the outstandingly 
short-horned sample is that from Bihar and Bengal, presumably 
topotypical hagenbecki. 

The horns diverge most, according to Zukowsky, in centra lis and raj
putanae, less in hagenbecki) least in cervicapra. Again, the picture is 
rather one of some samples standing out, rather than whole regions. 

Finally in Zukowsky's study rajputanae has the most spiral turns to 
the horns, hagenbecki next, cervicapra and centralis fewest. Again we 
note some samples standing out within their general regions, although 
it is true that it is among "rajputanae" that the most twists can occur 
(5~, rather than 6 as Zukowsky described), but it is hagenbecki which 
commonly has the fewest ( only 2l ). 

How to explain these discrepancies? The probable answer is that 
the Hagenbeck imports will have been from relatively restricted areas: 
Zukowsky speaks of the Rajputana/Punjab border, the hinterland of 
Calcutta, Kanyakumari very south (Trivandrum and Kanyakumari), 
Gwalior, and Agra. The first of these regions is precisely the Faridkot 
district, whence come the longest-homed members of the Northwestern 
type; while no specimens are known to have come from the hinterland 
of Calcutta ( merely, "Bengal" ) or as far south as Trivandrum. 
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We have found, then, that Zukowsky's descriptions are in part 
applicable to wide-ranging populations of blackbuck; in part not. As 
far as present evidence goes, a Northwestern and a Southern and Eastet"n 
form can be distinguished: the former is larger, with a longer coat of 
hair, a grey sheen in the breeding male (based on all too little evidence), 
perhaps less developed dark leg-stripe, and certainly a broader eye-ring, 
this last being a character not noticed by Zukowsky. The latter is smaller, 
short-haired, with no grey sheen, a more clearly marked leg-stripe, and 
an eye-ring that is narrowed above the eye. Whether a third from can 
be distinguished in the south, very small in size and with almost 
completely white limb shanks, there is as yet no evidence to say: but a 
skin from Mysore indicates that if such a southern form did exist it 
would have to be very restricted in distribution, and a very small skull 
from Hyderabad ( well to north of Mysore ) suggests that any such form 
would be characterised by non-concordance of its two distinguishing 
features. 

The fact that so few females are in collections does not allow us to 
say with any confidence that the size difference holds overall. One can 
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Text-fig. 2. ~{ap of northern segment of distribution of Blackbuck in India, to 
show close approach of A. c. raJ'Putanae (triangles) and A. c. cervi capra 
( dots) in Uttar Pradesh. 

note only that little or no difference in shoulder height is apparent in 
living specimens of the two ~exe~. The limb-ex;tensiQo and eye-ring 
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characters do work in females as well as males, however ; and the hair
length difference seems to. 

Now, are these two regional types subspecies, or not? Inspection of 
Table 1 and Fig. 1 shows that the Northwestern sample that approaches 
the Southern and Eastern group geographically, the sample from Gwalior, 
Aligarh and Agra, is as large-sized as any northwesterner; while the 
sample from the other group which approaches the northwesterners geo
graphically, that from Banda and Kheri, is as slnall as any'. There is 
therefore a shatp break between these two samples. The eye-ring 
character follows this exactly; one cannot vouch for t~e leg-stripe, 
although the type of centraUs does, perhaps, have a rather less obliterated 
one than the rajputanae illustrated by Ztikowsky ; but on the 'contrary, 
the type of centra lis has a clear grey sh -en, which no southern or eastern 
specim~n does. Accordingly, the two really do seem to be "discrete 
entities in nature", with just a suggestion-in the character of the leg
stripe in the centralis type-of gene-flow between them in some 
characters. 

The two subspecies may now be defined as follows: 

1. AntiIope cervicapra rajputanae Zukowsky, 1927. 
Northwestern Blackbuck. 

Synonym: .A centralis Zukowsky, 1928. 

Localities: Faridkot, Gurgaon, Hissar, Meerut, Aligarh, Agra, 
/ 

Gwalior, Kular (not traced, but in Rajasthan), Bikaner, Kathiawar, 
Jarpin State (not traced); "Punjab", "Rajputana", "Kashmir", 
"Himalayas", "N. "V\'. India". 

Diagnosis: Adult male skull length above 230mm.; grey sheen in 
breeding season in adult male;. long rough hair; leg-stripe poorly 
marked on shanks ; eye-ring broad all round eye. 

Oomments: The longest, most divergent, and most closely spiralled 
horns occur in this race, but the' character is not an absolute one. 

2. Antilope cervicapra cervicapra Linnaeus, 1758. 

Southern & Eastern Blackbuck. 

Probable synonyms: .A 'I"upicapra l\Iuller, 1776; .A bilineata Gray, 1830; .A. 
hagenbecki Zukowsky, 1927. 

Localities: Kheri, Banda, Dharwar, East Khandesh (including 
Bhadwad, Ghodasgaun), Haturna (? = Atnur) , ?Hyderabad, ?Bangalore, 
Puri, Jaipur ( Orissa), palamau, Bokaro, Champaran (not traced, but 
in Bihar), Bhopal; "Central provinces" , "Bengal". 

Diagnosis: Adult male skull length less than 230mm.; no grey 
$heen ; short~ fine hair 1 leg-stripe well-marked all down legs, at lea$t 
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in specimens examined; eye-ring distinctly narrowed above eye. 

Oomments: The shortest, least divergent, and most open-spiralled 
horns occur in this race, but there are wide overlaps. 

SUMMARY 

Geographic variation in Antilope cervicapra is described. It is of a 
type which can be termed sub specific even under the most stringent 
criteria. Many of the characters described by Zukowsky as of taxonomic 
significance fail, because of the restricted geographical nature of his 
samples; but others are valid, and some of the differences between the 
Northwest~rn and Southern & Eastern races ( A. c. rajputanae and A. c. 
cervicapra) were not noticed by Zukowsky. 
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DEMODEX FOLLICULORUM IN MAN 

By 

~EELAM TANDON,1 A. K. HATI! AND 

A. THAMMAYYA8 

( With 1 Table) 

INTRODUCTION 

Demodex folliculorum, commonly known as the follicle mite is a 
parasite of man in all parts of the globe. It was discovered independently 
by He:Qle (1841) and Berger (1845). Simon (1842) described it as 
Acarus folliculorum. Owen (1843) reevaluated the genus as Demodex. 

According to Akbulatova (1963) there are two subspecies namely 
Demodex folliculorum longus and Demodex folliculorum brevis, synhospitalic 
on man. Desch and Nutting (1972) proposed the name D. folliculorum 
(Simon) and D. brevis (Akbulatova). 

Causal relationship between these mites and acne, blepharitis, 
pityriasis rosacea (Nutting, 1965, Beerman and Stokes, 1934), alopecia 
(Miskjian, 1951), eye irritation (Ayres and Mihan, 1967), scaly disorders 
of skin (Sato, Higuchi and Saito, 1965, Lawrence, 1921 and Kaufmann
Wolf, 1925) was mentioned. 

This paper presents two cases where allergic manifestations were 
complained of. The mite was detected locally from both the cases. 

MATBRIALS AND METHODS 

A Muslim male, aged 51 years and a Hindu female aged 12 years 
attended the skin out patients Department of the Calcutta School of 
Tropical Medicine, in October 1975 and November 1976 respectively, 
with complaint~ of itching and burning sensation of both the sides of 
nose and ends of the upper lip. The patients were referred to the 
Department of Medical Mycology for scraping. On examination the 
scraping from the affected areas were found negative for any fungal 
infection but revealed the presence of certain mites. Both the cases 
were referred to the Department of Medical Entomology for further 
investigations. Scraping from each lesion of both the patients were 
mounted separately in Berleses fluid and examined under a compound 

Address: 
1, 2, Department of ~redical Entomology 

3. Department of ~redicall\rycology, 
Calcutta School of Tropical ~Iedicine, Calcutta-700 073 
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microscope for the presence of mites. Number of mites obtained from 
each scraping were counted and their measurements were taken, 
according to Desch and Nutting (1972). 

OBSERVATIONS 

Both the patients had been suffering for 2-3 months and presented 
similar symptoms. lhey complained of itching and burning sensation 
and flushing on the lesions. The lesions consisted of erythematous 
areas with papules and! presented an acne like condition. There was no 
pus but the lesions were moist. 

Examination of the scraping revealed variable number of Demoaex 
folliculorum. The maximum number of mites recovered from one 
scraping was eleven. The mites are very minute and have an elongated 
transversely striated abdomen. Four pairs of five segmented legs are 
situated on the anterior part of the body. The length and width of the 
~ites are recorded in Table 1. 

TABLE I.-Measurement of Demodex folliculorum 

1\1ite 1 2 3 4 5 6 Averdge 

Length 255 285 300 240 300 270 274.5 

(inp.m) 
Width 52.5 :.5 45 52'5 52'5 60 61 
(inftm) 

DISCUSSION 

Skin disorders due to presence of D. folliculorum have been reported 
by several authors (loe cit). Ayres and Mihan (1967) state that the 
aetiologic significance of D. folliculorum is not based on its mere presence, 
since the mite has been recognized to be a normal inhabitant of the 
sebaceous glands, but its aetiologic role is based on quantitative 
considerations. 

According to Gmeiner (1908) in a wide range of skin diseases these 
mites are no more numerous in the lesions than elsewhere in the same 
host. 

Two patients suffering from allergic manifestations revealed these 
mites locally and in one of them from one spot as many as eleven mites 
were recovered. The measurements of these mites tally with those of 
D. folliculorum (Simon) given by' Desch and Nutting (1972). In this 
connection it is pertinent to mention that it is neither fully confirmed 
nor denied that there are two distinct demodicid species inhabiting the 
skin of man (Nutting, 1976). Demodex brevis (Akbulatova) was not 
detected from our patients. 
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SUMMARY 

Demodex folliculorum was isolated from the face, in two cases, 
during the years 1975 and 1975. The. number of mites isolated at each 
scraping ranged from one to eleven. A brief description of follicle mite 
is given. 
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ON A NEW GENUS AND A NEW SPECIES OF 
ALTICINAE ( COLEOPTERA: CHRYSOMELIDAE ) 

FROM ARUNACHAL PRADESH. 

By 

c. R. BASU AND T. SENGUPTA 

Zoological Survey of India, Oalcutta, 

(With 1 Text-figure) 

Maulik (1926), classified the Alticinae having II-jointed antennae 
into four subsections and placed all the Alticinae having front 

coxal cavities open behind in subsection IV. The new genus Maulika 
described in the present paper falls under the subsection IV. This 
genus is closely related to Pentamesa Harold. Maulik (1926) separated 

_\. 

the genus P entamesa from the other genera by its characteristic curved 
tibiae. Scherer (1969) separated Pentamesa and its allit!d genera from 
the others by the tarsal segment 3 being entire (not bilobed) and 
separated the genus Pentamesa from its allied genera by its characteristic 
curved front tibiae and incrassated feroma. The present genus Maulika 
clearly falls in this group and nearest to Pentamesa for having similar 
types of tibiae and femora but can be ea~ily sepa~ated from the latter 
genus by the following characters: Clypeus bilobed with apical margin 
strongly emarginated (Text-fig. 1B), pronotum glabrous with basal 
margin devoid of median lobe, elytral-puncturation rather indistinct and 
irregularly arranged in rows. The genus M aulika shows also some 
resemblance with the genus Argopu8 Fischer, especially in having similar 
type of clypeus but can be easily separated by its elbowed front tibiae, 
hind tibiae with apical spurs and their longitudinal groove at outer side 
absent. 

Type species Maulika decemmaculata sp. nov. 

Maulika gen. nov. 

Generai appearance (Text~fig. 1, A) almost hemispherical, dorsally 
strongly convex and ventrally almost flat, and small in size. 

Head : ( Text-fig. 1, B ) transverse, frons separated from vertex by a 
deeply impressed oblique line, frontal tubercles well developed and 
almost quadrate, interantennal carina well developed, vertes with a 
setiferous pore behind each eye, antennal insertions dorsal, open and 
moderately closely situated ; clypeus bilobed with apical margin strongly 
e~er~inated in the ~iddle < Text-fi~. I? B )~ labfl:1m transverse~ eyes large 
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and coarsely facetted. Antennae (T~xt-fig. 1, A) slender, scape elongated 
and clubbed, pedicel shorter than scape, joint 3 slightly narrower and 
longer than pedicel, joints 4 and 5 equal and slightly longer than joint 3, 
joints 6 to 11 almost equal and slightly thicker. Mouth parts not 

B 

Text-fig. 1. Maulika dece7nmaculata sp. nov. (A) Dorsal view: (B) Head and 
pro thorax, dorsal view; (c) Ventral view. 

dissected, mandible with 3 visible apical teeth, maxillary palpi somewhat 
aciculate with segment 1 short, segment 2 long, segment 3 longest and 
broadened at apex, apical segment short and pointed. Labial palpi 
normal with apical segment elongated and fusiform. 

Prothorax: (Text-fig. 1, B ) transverse, narrow in front, moderately 
convex, hind margin evenly rounded, lateral side narrowly explanate, 
apical angles thickened, front margin strongly and uniformly concave, 
each angle of prothorax with a setiferous glandular pore. Front coxae 
closely situated, transverse with exposed trochantins and coxal cavities 
open behind (Text-fig. 1, C), prosternal process normal, extending 
almost upto metasternum and its apical margin slightly inwardly 
curved. 

M eso- and metathorax: (Text-fig. 1, C), mesosternum markedly 
short, pentagonal and almost hidden by the projection of prosternal 
process, mesocoxae moderately widely separated, sternal fitting between 
them with a single broad knob from metasternum, mesocoxal cavities 
broadly open outwards and mesoepimera extending to mesocox;al c~vitiesf 
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metasternum strongly transverse, median impre&sed line short and 
metacoxae widely separated. 

Wing and Elytra: (Text-fig. 1,A), each elytron with five distinct 
spots. punctaration rather indistinct and arranged in irregular rows, 
epiplura complete, broad at base and progressively narrowed posteriorly. 
Wing not studied. 

Legs: ( Text-fig. 1, C) rather short, trochanter short and simple, 
femora broadened towards apex and grooved posteriorly where tibiae 
rest at repose, tibiae curved and broadened apically with distinct single 
spur, tarsal segments lobed, segment 1 longer than segment 2, segment 3 
wider and more strongly lobed than segment 2 but not split longi
tudinally along the middle, segment 4 minute, segment 5 longer than 
segment 3, claws appendiculate. 

Abdomen: (Te·xt-fig. 1, C) almost as broad as long, ventrite 
1 longer than ventrite 2, ventrite 2 to 4 equal, ventrite 5 longer than 
ventrite 4, intercoxal procsss of ventrite 1 broad, short and its apical 
margin straight. 

Maulika decemmaculata sp. nov. 

Measurements: Total length 3.5 mm., width of head across eyes 
1.0 mm., length of antenna 2.5 mm., width of prothorax across middle 
1. 8 mm:, length of elytra 2.7 mm. and width of elytra across middle 
2.5 mm. 

With the general characters of the genus Maulika. General 
appearance (Text-fig. 1, A) somewhat hemispherical, shining, reddish 
brown, elytra with 10 black spots, pronotum glabrous, antennae 
slender. 

Head moderately broad, convex, impunctate, clypeus and labrum with 
a few whitish hairs, eyes blackish, large, moderately convex and its 
margin bordered with black ring. Antennae yellowish brown, extending 
near the middle of elytra, six apical joints progressively thicker and 
comparatively densely pubescent, apical joint pointed. Prothorax almost 

one and half times broader than long, pronotum smooth, impunctate 
and glabrous. Scutellum impunctate, triangular and its apical margin 
rounded. Elytra broadest at middle and slightly wider than pro thorax ; 
each elytron with 5 rounded black spots, two at base, two across middle 
and apical one largest, and with 10 irregular rows of minute punctures, 
puncturation near apex rather indistinct, scutellary striole represented 
by 7 to 11 punctures. Ventral side reddish brown and covered with 
whitish hairs, sides and basal margin of metasternum, metacoxae, sides 
of abdomen and apical half of hind femora blackish, 

19 
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Holotype: Memlachur vill., Arunachal Pradesh, alt. 700m., 9. VI. 
1961, CoIl. K.O.Jayaram, in the collection of Zoological 
Survey of India, Calcutta. 

SUMMARY 

A new genus Maulilca is established and defined and a new species 
¥. decemmaculata is described from Arunachal Pradesh. 
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EYE-STRIPES AND PIGMENTATION IN 
GRASSHOPPERS (ORTHOPTERA, ACRIDOIDEA): 

TYPES, BIOLOGICAL SIGNIFICANCE 
AND APPLIED IMPORTANCE 

By 

M. L. ROONW AL 

Desert Regional Station, 
Zoological Survey of India, Paota, Jodhpur 

( With 20 Text--figures and 1 Table) 

INTRODUCTION 

Eye-stripes and other pigment patterns in the compound eyes of 
grasshoppers (Orthoptera, Acridoidea) find casual mention in the older 
systematic literature, and it was not until more recent years, when 
attention was called to their physiological, biological and applied 
importance (Friza, 1929 ; Roonwal, 1936, 1947, 1949), that work was 
accelerated; in some species, e.g., the Desert Locust, Schistocerca gre-

f 
garia., eye-stripes are excellent indicators of polymorphism and popula-
tion flux. 

A limited study of eye-stripes was made by Volkonsky (1938a, b), 
Rao and Gupta (1939), Burnett (1951), Rao (1960), and Uvarov (1966). 
The histogy of acridoid eyes in relation to pigmentation and physiology 
of vision was studied by Friza (1929) and Roonwal (1947), while earlier 
studies are those of Leydig (1855, 1864), Exner (1891), Stefanowska 
(1892), Jorschke (1914), and Tiimpel (1914). The chemistry of eye pig
ments has been inv<::stigated by. Busnel and Drilhon (1942), Goodwin 
(1950, 1952), Goodwin and Srisukh (1951),· and Linzen (1959); pig
mentary movements by Pinamonti et al. (1973) ; and some aspects of 
eye physiology by Whittington (1951), Fern~\ndez-Moran (1958), Wallace 
(1958, 1959), Cosens (1966), Wolken (1971), Pinter (1972), and Rafi and 
Burtt (1974) 

The present account is a comparative study of the distribution and 
characteristics of eye-stripes and other types of pigmentation in a consi
derable number of Acridoidea belonging to two principal families (the 
Pyrgomorphidae and the Acrididae) : 12 subfamilies, 47 genera, and 67 
species and subspecies (48 for the first time): The various types have 
been classified and their biological significance and applied importance 
discussed as regards phylogeny, taxonomy, polymorphism, geographical, 
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climatic and sexual variations, the number of moults, population flux, 
and the prediction of swarming. 

MATERIAL AND METHODS 

Most of the species and subspecies discussed here were examined 
either as fresh, living specimens or as dry museum examples ; in a few 
cases, accounts were taken from published sources. In dark, heavUy 
pigmented eyes, examination in strong incident light (strong direct sun
light is handy) is necessary to discern the stripe and other patterns. The 
study of postembryonic development in some species (Schistocerca 
gregaria and Nomadacris septemjasciata, etc.) has shown that the stripes 
develop at the anterior eye-margin (the main region of growth) and 
travel to the post~rior, so that the most posterior stripe is the first to 
develop, and the most anterior one the last; the serial numbering of 
stripes should, accordingly, begin from the posterior end. 

The taxonomic classification followed is that of Dirsh (1961) and 
Uvarov (1966) ; the monograph of Bei-Bienko and Mistchenko (1951a, b) 
and Tandon's (1976) Check-list were also helpful. 

TYPES OF EYE PIGMENTATION IN THE ACRIDOIDEA 

On the basis of present knowledge (67 species and subspecies are dis
cussed here), it is now possible to discern the basic types of patterns of 
eye pigmentation in the Acridoidea. 

1. The basic types of patterns (Text-fig. 1) 

The two eyes are elongate-oval to subround, and bulge out more or 
less from the head-surface. On the head they lie either vertically (most 
species) or obliquely to horizontally (in species with a forwardly pro
jecting, snout-like head : Atractomorpha, Acrida, etc.). At the dorsal 
end in vertical eyes (and the front end in horizontal eyes) lies a small, 
sharply defined, dark, chocolate-coloured patch, the dorsal spot. In 
most cases it is spindle-shaped and abuts on the eye-margin, but in 
Acrotylus and Trilophida (Oedipodinae) it is hammer-shaped and a 
portion of it lies away from the margin. Below the dorsal spot lies a 
thin, pale line, the subdorsal streak (Roonwal 1936, 1947). Occasionally 
(Aulacobothrus sp.), another small dark patch, almost a 'second dorsal 
spot', lies below the subdorsal streak. The rest of the eye is pigmented 
in two principal patterns, viz., striped and unstriped. In the former case 
there are a number (about 4-10) of vertical (many species) or oblique to 
horizontal (Atractomorpha, Acrida, etc.), brown, olive or chocolate
coloured stripes running the entire length of the eye and alternating with 
similar but paler (often dirty white or cream coloured) lines, the inter-
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stripes. The stripes may be either substraight and parallel or curved 
and subconcentric (being bent downward or anteriorward in some 
oblique or horizontal eyes). A type with 'curved and concentric' stripes 
has been mentioned by Rao and Gupta (1939), but this is doubtful (vide 

Text-fig. 1. The principal types of eye-pigmentation in grasshoppers (Acridoidea). Type 1. 
With stripes: (A) With vertical and parallel stripes in an elongate-o\'al 
eye. (B Same, in a rounded eye. (0) With horizontal and subparallel 
stripes. (D) With horizontal, curved and subconcentric stripes. Type II. 
Without stripes. (E) l\Iottled and marbled. (F) Plain (uniformly 
pigmented) . 

below). Occasionally, a wide, brownish band lies at the posterior end 
of the eye, and at the extreme posterior edge a narrow chocolate streak 
(almost in continuation with the dorsal spot), the posterior streak, is 
found (Acrida, Trilophida). Whether these two structures represent true 
stripes or are structures sui generis can only be elucidated by a study of 
postembryonic development. Unstriped eyes are mottled with irregular 
patches of colour. 

The following types and subtypes may be distinguished :-

Type I. Eyes with stripes. 

Category A. Stripes vertical. 

Group 1. Stripes vertical, substraight and 
parallel. 

(a) Stripes generally complete, not 
intermpted (Fig. lA). 

(b) Some stripes interrupted. 

Grcup 2. Stripes vert!cal, curved and concentric 
(doubtful type'. 

Category B. Stripes oblique to horizoutal. 
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Group 1. Stripes oblique to horizontal, 
substraight and parallel. 

(a) Stripes generally complete (Fig. lC). 

(b) Some stripes interrupted. 

Group 2. Stripes oblique to horizontal, 
curved and subconcentric lFig. ID}. 

Type II. Eyes without stripes. 

Category A, Eyes mottled. 

Group 1. ~:[ottling 'uniform' all over eye, 
sometimes interrupted by pale 
bands (Fig. IE). 

Group 2. ~:[ottling not uniform ; one half of 
eye paler, the other {usually the 
lower half} much darker. 

Category B. Eyes not mottled but uniformly coloured 
in one or more hues {brown, brownish 
black, grey, blue, yellow, etc.} 
(Fig. IF). 

2. The distribution of various types 

The known distribution of the various types of pigment patterns 
in the different families and subfamilies is given below. 

Type I. Eyes With Stripes 

Category A. Stripes vertical 

Group 1. Stripes vertical and parallel 

(a) Stripes generally complete (not interrupted) 
Pyrgomorphidae : 

Ohrotogonus cavus, O. trachypterus trachypterus (sometimes a few 

stripes interrupted, see below). 

Acrididae: 

Calliptaminae: Acorypha glaucopsis, Oalliptamus italicus. 

Cyrtacanthacridinae: Anacridium aegyptium, A. ·melanorhodon, 
A .. fubri,fl:pinum, OY1"tacanthacris tatarica, N omadacris septem
fasciata, Pachyacris vinosa, Patanga succincta, Schi8tocerca 
cancellata (syn. pa1"anensis), S. gregaria. 

Dericorythinae: Dericorys ramachandrai. 

Eyprepocnemidinae: Eyprepocnemis alacris, E. polarans orna
tipes, Heteracris littoralis asiaticus, H. l. littoralis, H. littoraZi8 
lsubsp. 
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Gomphocerinae: Ochrilidia sp. 

Hemiacridinae: SpathoJternum 
Spathosternu'm sp. 

prasiniferum prasiniferum, 

Oedipodinae: Oedaleu8 abruptus, o. senegalensis, Oedaleus sp. 
Romaleinae: Teratodes sp. 

(b) Some stripes interrupted 

Pyrgomorphidae : 
Ohrotogonus trachypteru8 trachypterus (sometimes complete, see 

below). 

Acrididae: 
Acridinae: Aulacobothrus ( = Phorenula) sp. 
Catantopinae: Oatantops pinguis innotabilis, O. p. pinguis, 

Xenocatantops humilis humilis. 
Eyprepocnemidinae: Ohoroedocus robu8tuS. 
Hemiacridinae: Hieroglyphus banian, H. nigrorepletus. 
Oxyinae: Oxya hyla hyla, Oxya sp. 

Group 2. Stripes vertical, curved and concentric (doubtful type) 

Of this type Rao and Gupta "(1939) gave three examples from the 
Pyrgomorphidae (Ohrotogonus sp., Oolemania sphenarioides and Pyrgo
morpha sp.). I have examin~d Ohrotogonus t. trachypterus whose round 
eyes are greatly swollen (almost hemispherical) and have 6-10 vertical 
stripes which are subparallel (Fig. 7), not concentric. The eyes bulge 
out in all Acridoidea, but the excessive bulging in Ohrotogonus may have 
induced Rao and Gupta to regard the stripes as "curved". I have no 
examples of Oole·mania and Pyrgomorpha, but the above considerations 
would suggest that here too the stripes may not be "curved and 
concentric" • 

Category B. Stripes oblique to horizontal 

In some genera with long snouts (Atractomorpha, Acrida), the eye 
and its strtictures have undergone a forward turning of up to a right 
angle. As a result, in extreme cases the dorsal spot comes to lie at 
the front (anterior) end, the anterior margin becomes ventral, and the 
posterior margin dorsal; the vertical stripes become horizontal or 
nearly so, but the mutual relationship of these parts remains unchanged. 
The stripes may be parallel (Acrida) or downwardly curved and 
subconcentric (Atractomorpha), but no truly concentric stripes have been 
recorde~. In .Acrida sp. a thin, chocolate-coloured streak (of the 
same colour as, and almost in continuation with, the dorsal spot) runs 
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along the dorsal (posterIor) margin (Figs. 9B, C), and a brown band 
covers the posterior one-fifth. Whether these two structures are homo
logous with true stripes or are sui generis can only be determined by 
a study of postembryonic development. 

Group 1. Stripes oblique to horizontal, sub straight 
and parallel 

(a) Stripes generally complete 
Acrididae: 

Acridinae : Acrida sp. 
(b) Some stripes interrupted 

Pyrgomorphidae : 
Pyrgomorpha bispinosa deserti, Pyrgomorpha sp. 

Acrididae: 
Acridinae : Acrida exaltata. 

Group 2. Stripes oblique to horizontal, 
curved and suhconcentric 

Pyrgomorphidae ; 
At?'actomorpha crenulata, Atractomorpha sp. 

Acrididae: 
Acridinae : Gonista sp., Orthoctha indica. 

Type II. Eyes Without Stripes 

Eyes devoid of stripes; either mottled with irregular patches or. 
uniformly coloured without any mottling. 

Category A. Eyes mottled 

Eyes mottled with irregular patches of white, cream, yellow, brown 
or chocolate. Mottling may be uniform throughout the eye (though 
sometimes interrupted by one or more pale bands); or the eye is 
divided into two regions, a paler half and a much darker (usually lower) 
half, giving the false impression of a " double eye". 

Acrididae; 

Group 1. Mottling uniform all over eye 
(sometimes interrupted by pale bands) 

Acridinae : Ohloebora crassa, O. mar .. ~halli, Phlaeoba infumata, p. 
panteli, Phlaeoba sp. 

Coptacridinae : Eucoptacra praemorsa. 
E yprepocnemidinae : 0 horoedocus ill1J,stris. 

Gomphocerinae : Docioslaurus sp. 
Oedipodinae: Acrotylus humberfianu8, Gastrimargu8 africanus 

orientalis, Locusta migratoria, Oedipoda coerulescens, Pyrgoaera 

sr., Sphingonotus coerulans, Sphingonotu8 sp. 
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Group 2. Mottling not uniform; one half of eye darker 
than the other (usually the lower half much darker) 

Acrididae: 
Acridinae: Dittopternis venusta. 
Oedipodinae: Psophus stridulus, Trilopkida annulata. 

Category B. Eyes not mottled but uniformly coloured in 
one or more hues 

Pyrgomorphidae : 
Aularche8 punctatu,<l, Poelciloceru8 pictUliJ. 

Acrididae : 
Eyprepocnemidinae: Gataloipu8 indicus. 
Gomphocerinae: Stenobothrus s p. 

BIOLOGICAL SIGNIFICANCE AND ApPLIED IMPORTANCE 

1. Eye pigmentation in relation to phylogeny anx taxonorny 

153 

There are indications of a limited relationship between the types of 
eye pigmentation and phylogeny, but there are important exceptions. 
In the family Pyrgomorphidae eyes are striped in some genera ( Atracto
morpha, Chroto[Jonu8, Py·rgomorpha), and unstriped and uniformly pigmen
ted in others (Aulacrches, Poelciloce1'u8). In Acrididae also eyes may be 
striped cr unstriped. As far as known, some subfamilies show consider
able uniformity of pattern (eyes are vertically striped in all Calliptaminae, 
Catantopinae and Cyrtacanthacridinae ; unstriped and mottled in most 
Oedipodinae ; and of several types in the Acridinae, Eyprepocnemi
dinae, Gomphocerinae, etc.). Generally, there is uniformity within a 

,genus, but there are exceptions: In Ghoroedocu8 (Eyprepocnemidinae) 
the eyes are mottled in G. illustri8 and striped in O. robu8tu8 (Fig. 15). 

Separation of species: To a certain extent differences in the pigment 
pattern of eyes have been used to differentiate species of a genus 
(Melanoplus) in a limited geographical area (Handford, 1946). 

2. Geographical variation in eye-8tripe8 

In Anacridium aegyptium (Volkonsky, 1938a, b; and Roonwal, 
present account) there are fewer stripes in the northern latitudes (France, 
5-7) than in the southern (North Africa and South Asia, 7-8). The same 
phenomenon is noticeable in Callipta·mus italicus (Volkonsky, 1938a, b), 
which has 5-7 stripes, mostly 5 and 6, in the northern latitudes (Southern 
Europe) and 6-7 (in nearly equal numbers) in the southern (North 
Africa). In Acrida exaltata from South Asia, the more western examples 
(Baluchistan) have more stripes (6-10) than those from further southea~t 
(Central India, 4-7). 

20 
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3. Eye-stripes in relation to season 

There are some early claims that in the Desert Locust, Schistocerca 

gregar'ia, the number of eye-stripes is related to season. Thus, Rao 
(1937, p. 41) observed that more 6-striped forms are produced in spring 
and summer (in coastal Baluchistan) and more 7 -striped ones in the 
monsoon and winter (in the neighbouring Sind-Rajasthan desert). 'He 
further (1938, p. 18) stated that individuals with a reduced number of 
stripes,S, were produced in the laboratory in September in 1936, and 
again in August-September next year. Due to paucity of data it is not 
possible to critically evaluate these relationships. 

4. Eye-stripes in relatif)n to temperature 

The only suggestion that breeding temperature may affect eye-stripe 
number is by'Husain and Ahmad (1936) who bred crowded hoppers of 
Schistocerca gregaria at various constant temperatures. At 24° C eyes 
are almost uniformly reddish brown, without any striDes, in all the five 
hopper stages; at 33° C stages I and II are unstriped, III and IV have 3 
reddish stripes each, and V has 5 stripes; at 40° C the same occurs, 
except that in both III and IV stages 4 stripes are mentioned; at 44° C, 
in conformity with the rest of the body, the eyes lose nearly all 
pigment and are whitish except that in stage IV 2, and in stage V 3, very 
fine light brown stripes are seen. Since in normal postembryonic 
development at ordinary temperatures, one stripe is usually added at 
each moult (Roonwal, 1947) the above results do not convey a very 
clear picture, and further work is necessary to eiucidate the effect of 
temperature. 

5. Eye-stripes in relation to sex (Table 1) 

In Schistocerca gregaria (Roonwal, 1936, 1941, 1945, 1954), in the 
soUtaria phase, the proportion of females in a population increases with 
the number of eye-stripes, the is : ~ ratios being 60 : 40 in 6-striped, 
35 : 66 in 7-striped, and 29: ·71 in 8-striped populations. In phase 
gregaria, where all individuals are 6-striped, the proportion is 50 : 50. 
According to Volkonsky (1938a, b), in Anacridium aegyptium males 
constitute 100% in 5-, 62.1 % in 6-, 50.4% in 7-, and 30.7% in 8-eye
striped populations; in Oalliptamus italicus males constitute 100% in 
5-, 62.7% in 6-, and 00/0 in 7-eye-striped populations. 

From data in the present account it is seen that a similar trend is 
noticeable in a number of other species (Table 1). 

On this basis, the following tentative rule may be given :-

Where sexual differencss in eye-stripes exist in a species, stripes' 
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tend to be fewer in males than in females. (Put in another way, to 
characterise a mixed population, we may generalise thus: In a species 
population in an area the male ratio is higher in samples with fewer eye
stripes than in those with more numerous stripes.) 

Table 1.-Va.riation in number of eye-stripes in relation to sex 

in some Acridoidea. 

Species Number of eye-stripes 

1\1ales Females 

Fam. PyroOlllorphidae 

1. Oltrotogonus t. trachypterus 4-6 4-8 (mostly 
(mostly 5) 5 and 6) 

Fa m. Acrididae 
2. Acrida eooaltata 4-9 5-10 

3. Anacridiutn, rubrispinum 7-8 7-8 
(mostly 7) (mostly 8) 

4. Nomadacris septernfasciata 7-9 7-9 
(lnostly 7 and 8) (mostly 8) 

5. Oedaleus abruptus 4-5 4-6 
(mostly 4) (mostly 5) 

A satisfactory explanation of this sex-linkage is not forthcoming. 
Since generally one stripe is added at each moult, it could be that males 
undergo a moult or two less. While this does happen in some Acri
doidea (vide Uvarov, 1966, p. 286), none of the species mentioned 
above (except Anacridium aegyptium occasionally) shows this difference. 
Some other explanation has, therefore, to be looked for, and genetic 
linkage is one possibility. Further work on this interesting phenomenon 
should be of interest. 

6. Eye-stripes in relation to moulting 

In Schistocerca gregaria Roonwal (1937,1946,1947) showed that while 
generally a stripe is added at each moult (beginning with one stripe in 
the first stage hopper, thus resulting in a 6-striped adult after 5 moults), 
7-striped adults result in two ways (the majority, c. 75 %, by an extra 
moult leading to an additional stripe, and a few, c. 25 %, where an extra 
stripe is added in a hopper without an extra moult). Thus, both 'stripe
positive' and 'stripe neutral' moults occur (for details see Roonwal, 1947). 
Some workers have claimed an absolute correlation between the number 
of eye-stripes and the number of moults (Mukerji and Batra, 1938; 
Volkonsky, 1938a, b ; Rao and Gupta, 1939), but the correlation is only 
partial, as confirmed in ]{omadacris septemjasciata by Burnett (1951) who 
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stated as follows :-"It will be seen that the number of eye stripes is not 
perfectly correlated with the number of instars pa~sed through, in 
contrast with the report of Mukerji and Batra (1938) on Schi8tocerca 

gregaria (Forsk.), as has been noted already by Roonwal (1940, 1946)." 

It is obvious that the adult number of eye-stripes cannot be reliably 
used to determine the number of moults in a species. 

7 • Eye-stripes as indicators of phases and of population flux : 
Prediction of 8warming 

Phases and population flux 

In Sckistocerca gregaria it has been established that eye-stripes are 
indicators of phase variations and of population flux (Roonwal, 1936, 
1947, 1949, 1954, 1958), the swarming or gregaria phase individuals 
having 6-striped and deeply pigmented eyes, and the nonswarming or 
solitaria ones 5- to 8- striped (mostly 6-7) and weakly pigmented eyes. 
Laboratory breedings support these field results. Thus, Rao (1938) noted 
in India that hoppers bred crowded produced more 6-striped individuals, 
and Volkonsky (1938a, b) found the same feature in North Africa: 
hoppers produced 6-striped adults when bred crowded and both 6- and 
7-striped ones when bred isolated. 

On these bases and on other correlated evidence, Roonwal (1954) has 
called attention to a new type of evolutionary effect, viz., the sharp 
increase of variation in low minimum populations and the decline and 
virtual extinction of it in high populations in S. gregaria. In the same 
paper he has correlated this feature with the shrinkage or spread of total 
world distribution of the species in plague and non plague years (for 
world distribution, also 8ee Waloff and Conners, 1964). 

Prediction of swarming 

Since the number of eye-stripes in some locusts has proved to be 
correlated with swarming (high populations and gregaria phase), they 
have been used for the practical task of predicting swarming. In the 
Desert Locust, Schistocerca gregaria, Roonwal (1945) gave a number of 
hypotheses, the first of which is as follows :-''If in a sufficiently large 
sample of a solitaria population, the proportion of 6-eye-striped indivi
duals rises above about 80 per cent (maximum figure; average 70.4 per 
cent), and tends towards 100 per cent, that population is rapidly on its 
way towards swarming ... ". Other hypotheses have been put forth by 
Nair (1952) and Roonwal and Misra (1952). These hypotheses are used 
in South Asia by locust warning organisations for assessing pQpulation 
trends. (Also see discussion by Bhanotar, 1975.) 
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8. Eye-stripes and vision (Text-figs. 2-4; 13) 

The earliest studies on the structure of acridoid eyes, which paved 
the way for future detailed studies and an understanding of acridoid 

'Text-fig. 2. Schislocerca g1·egaria. Longitudinal-vertical section through the striped 
eye of a phase solitaria fifth instar hopper, to show distribution of brown 
piglnent iIi the stripe and interstripe regions, etc. Semi diagrammatic. 

b., basement membrane; c., cornea; eo., epiopticon ; is., interstripe region (pigment is 
absent in the secondary pigment cells); n., layer of nerve cells; nb., 
b~dle of nerve cells; ns., sheath of nerve cells; po., periopticon; pr., 
postretinular pigment layer; s., stripe region (pigment is present in 
the secondary pigment cells and is visible externally as Ea. stripe):; t., 
trachea. 

vision, are those of Lydig (1855, 1864), Exner:(1891),.Stefanowska~(1892), 
Jorschke (1914) and Tilmpel (1914). 

The significance of eye-stripes for vision has:~been discussed ICtheore-

Text-fig. 3. Schisfocerca gregaria. IhotOlnicrograp? of a vertic~l-longitu~inal section 
(bleached and stained with Delafield s haematoxhn and eosln) of the eye 
of a 4th stage phase grega'fia hopper. 

c., cornea; ol., optic lobe; om., ommatidia. 



~ ~. '. • I 

158 R,e,oords ,oj tlt,e Zoolog,ical Survey 01 I Mia 

tically. Chauvin (1941) thought that vision may help in the gregarisa
tion of hoppers, but gave no details. Friza (1929) and Roonwal (1947) 
have shown in detail that differential distribution of pigment in striped 
andnonstriped eyes may ~ause differences in image formation 
(Figs" 2 ... 4). Roonwal (1. ,c.) has correlated this feature with behavioral 
differeo,ces in the field in solita ria and gregaria phases in Schi8tocera 

Text-D,g. 4. Schistoce'r,ca gr,egar'ia. Photomicrogl'aph of a se(;t i. n through the eye of a 
phase solitario, 5th sta.,g,e hopper with t ransversely ,cut .om·malidia at 
various l,ev,el s. Bleached :an,d :stained with Delafieldts haeln"toxylin and 
~oo. . 

,c., ,cornea; co.., crystallin,ecQue ; pp., primary pigment cells; r., retinula. 

gregaria; the striped eyes of the former phase produce a diffuse image 
and locusts are unable to stand bright sunlight, while the 'nonstriped' 
,eyes of phase gr,egari,a produce a sharp image as well as cut out 
excessive light, thus enabling the locusts to 'go out boldly in bright 
sunlight. Roonwal (1958) has further sho\vn that the sharp image in 
gregaria eyes assist in the maintenance of greg,arisation. Wolken (19711, 
Pinter (1972) and Ran and Burtt (1974) have discussed some aspects 
of image form'ation in the eyes of hoppers and :adults in Sckistocfrca 
grega"·'ia, but differences in pigment distribution in the two phases 
were apparently not kept in view. 

9. Ege,.si,ze in relation to phase and eye-stripe polymorp,hismIJ 

In the Desert Locust, Schi8tocere:a gregaria, Roonwal and Bhanotar 
(1977) have found th'at in both length :a'nd width the eyes are significantly 
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smaller in phase gregaria. Within the solitaria phase, where 5- to 
a-striped polymorphs occur (mostly with 6 and 7 stripes), eyes in 
7-striped individuals are larger than in 6-striped ones by c. 3.1-7.4 per 
cent. The length and width are strongly correlated positively, the 
correlation coefficient being higher in females than in males. The ratio 
Width/Length varies within narrow limits (means O.648~0.664) and 
shows no significant differences in respect of phase, sex and eye-stripe 
categories; thus, irrespective of the size of eye, its shape remains 
nearly constant. In both length and width sexual dimorphism is lower 
in phase gregaria than in solitaria by c. 2.83-9.52 per cent; no sexual 
dimorphism it evident in the ratio Width/Length. The presence of 
smaller eyes in phase gregaria as compared to 80litaria is probably a 
device to reduce the amount of strong sunlight from entering the eyes, 
and seems to be correlated (along with other adaptations, such as the 
differences in the distribution of eye-pigment and the presence of an 
antihalation pigment layer, vide Roonwal, 1947) with differences in the 
flying and ularching habits in the two phase -ph~se gregaria hoppers 
go out boldly into the sun and adults fly in the day, while 80litaria 

phase hoppers avoiJ strong sunlight and hide inside bushes and adults 
fly mostly at night. 

Eye-shape, while showing no phase polymorphic differences in adults, 
changes during postembryonic gro\vth. In Schistocerca grega1"ia (Roonwal 
and Rao, 1977) the shape changes from elongate-oval to broadly oval, 
the mean ratio Width/Length gradually increasing in males from 0.4518 
to 0.6274. A nearly similar change of shape occurs in the Red Locust, 
NO"ladacris septemfasciata (Burnett, 1951). 

10. Eye-stripes and concealment 

The acridoid body is often cryptically coloured, but the bulging eyes 
could give the insect away were it not for the disruptive effect of eye
stripes and eye-mottling, which are common patterns among grass
hoppers. In contrast, some species with bright, warning colours 
(Aularches spp.) have apparently no use for the disruption device, and 
have almost uniformly coloured eyes. For the Desert Locust, Srhistocerca 

gregaria, it is the common experienee of field workers that soUtaria phase 
individuals (which have fawn or bluish .. grey bodies and striped eyes) 
are almost invisible, and one can pass within a metre or two of a locust 
without spotting it unless it betrays its position by movement. Similarly, 
the green solitaria hoppers (also with striped eyes) are effectively 
concealed among the desert bushes. The stripes thus have an additional 
adaptive function. 
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Cott (1940, pp. 88-89) mentions the presence "ocular stripe~" in 
several grasshoppers in conncealment, giving examples from widely 
separated areas, e.g., South America (Diponthus bivittatu8, OxyblepteUa 
sa,gitta, Adimantus brachypterus) , Africa (Oxya minor, Oraistes puncti~ 

pennis) and Australia (Gesonia [Gesonula] mundata). However, Cott 
evidently does not mean true eye-stripes in my sense, as in his Fig. 29 
(Oraistes punctipennis, the only species he figures) the eye itself is 
unstriped but there is a horizontal stripe running on the head and 
body in the level of the eye and enclosing that organ in its sweep. 

11. Abnormalities in eye-stripes 

Volkonsky (1938a, b) noted that in a group of Anacridium aegyptium, 

whose development was slowed down from the fourth stage onward a~ 
a "result" of a sudden lowering of rearing temperature, all individuals 
had stripe nos. 2 and 3 relatively n~rrower and closer to each other; 
in other groups, where development proceeded uniformly, this 
peculiarity was never observed. In a male, stripes 2, 3 and 4 in the 
right eye were fused into one; this condition Volkonsky attributed 
to the removal of the right antenna during the course of the second, 
moult, but with what justification it is difficult to assess. In other cases 
he noticed the fusion of stripes 2 and 3 in both the eyes; the frequency 
of such anomalies was- not more then 0.2 per cent. Asymmetry in the 
number of eye-stripes in the right and left eyes in Schistocerca gregaria 

has been reported by Bhanotar (1959) and Bhanotar and Mahto (1974). 

DESCRIPTIONS OF EYES IN VARIOUS SPECIES 

Brief descriptions of eye pigmention in 67 acridoid species (10 
Pyrgomorphidae and 57 Acrididae) are given below. 

Family I. PYRGOMORPHIDAE 

1. Atractomorpba crenulata (Fabricius) 
(Text-fig. 5) 

.LMaterial: INDL,\ (Rajasthan, Uttar Pradesh and Madhya Pra4esh), 
o 0, ~ ~, both living and dry examples. 

Eyes elongate .. oval (0 0 1.3 mm x 0·8 mm; ~ ~ 1.8 mm x 1.5 mm), 
horizontal, with 4-7 horizontal, downwardly curved, subconcentric, olive 
green to dark brown stripes; the upper (posterior) 2 or 3 stripes inter
rupted (sometimes all stripes interrupted by one or two oblique white 
bands). Interstripes dirty white; dorsal spot chocoiate-coloured; 
dorsal streak thin, pale yellow. 

Agrawal (1955) stated that the first stage hopl?er has yellowish eyes 
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with one curved, olive-green stripe, and thereafter a stripe is added at 
each of the five moults. 

Text-fig. 5. .Atractomorpha crenulata (Pyrgomorphidae), Varanasi, India. ~. (A) Head, 
in side view. (B) Right eye, enlarged. 

2. Atractomorpha sp. , 
Material: SOUTH ASIA (Baluchistan Coast : Pasni), ~,a living 

example. 
Eyes elongate-oval, horizontal, with 7 downwardly curved, subcon

centric, dark brown stripes. 

3. Aularches pUDctatus (Drury) 
(Text-fig. 6) 

[ .A. milita'ris punctatus of authors] 

Material: INDIA (Debra Dun, Uttar Pradesh), oo,.~· ~ ,.drx and 
alcohol-preserved examples. 

:!mm 
3mm B 

Text-fig. 6. Aularches punctatus (Pyrgomorphidae). Dehra Dun, India. (A) Head, 
in dorsal view. (B) Right eye, enlarged. 

Eyes round (ca. 3.0 mm x 2.8 mm), greatly bulging, almost hemisp
herical; uniformly reddish-brownish-black~ without stripes or mottling. 

2l 
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4. CbrotogoDus cavus (Kirby) 

Material: INDIA (Dehra Dun, Uttar Pradesh). 
Eyes with 5-6 vertical, parallel stripes (vide Katiyar 1955, PI. XV, 

Fig. 12, his Ohrotogonus concaVU8 Kirby). 

5. ChrotogoDus trachypterus trachypterus (Blanchard) 
(Text-fig. 7) 

, 
Material: INDIA (Rajasthan and Central India), cr 0, ~ ~, both 

living and dry examples. 

Eyes small, greatly swollen, almost hemispherical and subround 
(1.4 mm x 1.3 mm), with 3-10 dark brown to chocolate, vertical, sub
parallel stripes. Interstripes dirty white; dorsal spot chocolate-coloured 
In examples with few stripes, the posterior ones often interrupted, and 

B c 

Text-fig. 7. Ohrotogonus trachypterus trachypterus {Pyrgomorphidae}. Rajasthan, India. ~. 
(A) Head, in dorsal view. (B) Right eye, with many stripes (all complete). 
(C) Same, with few stripes (some interrupted). 

the posterior third of eye mottled with chocolate-brown patches. Sexual 
variation is evident in examples from Central India (Rewa district) : 
males tend to have fewer stripes (4-6, mostly 5) than females (4-8, mostly 
5 and 6). 

6. ChrotogoDOS sp. 
Material: INDIA. 

Eyes with curved and concentric brown stripes (number not stated, 
Rao and Gupta, 1939, see comments above) .. 

7. Colemania sphenarioides I. Bolivar : 
Deccan or lola G.rasshopper 

Material: INDIA. 
Eyes with 6-7 circular and concentric brown stripes (Rao and Gupta, 

1939, see comments above). 

B. PoekUocerus pictus (Fabricius) 
(Text-fig. BA) 

Material: INDIA (Palsana, Sikar District? Rajasthan), 0 0, ~ ~, 
living examples, 

- -
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Eyes roundish· oblong, unstriped; the lower posterior-part weakly 
projecting; size: 0 0 2.2-2.8 mm x 1.4-2.4 mm; ~ ~ 2.7-3.3 mm x 
2.2-2.3 mm. Upper two-thirds to three-fourths dark blue (which is 

b.b. 

A 
mm 

Text-fig. 8. Eyes of two Pyrgomorphidae. (A) Poekilocerus fJictus. Sikar District 
Rajasthan, India. ~,left eye with head-band (see text). (B) Pyrg(Jmorph~ 
bispinosa deserti. Jodhpur, India. ~,right eye. 

b., blue pigment of eye; b.b., blue band on head in continuation with eye 
pigment; d.s., dorsal spot; y., yellow pigment. 

continued into a similar-coloured wide, horizontal band on head and 
pronotum) ; lower part dirty yellow. (In one cS, the upper half of eye 
was chocolate brown mixed with blue.) Dorsal spot chocolate-brown. 

9. Pyrgomorpha bispinosa deserti (Bei -Bienko) 

(Text-fig. 8B) 

MateriaZ: INDIA (Jodhpur, Rajasthan), 0 0, ~ ~,living examples. 
Eyes elongate-oval,(o 0 1.2 mm x 0.8 rom, ~ ~ 1.2 mm x 1.0 mm), 

with 6-8 horizontal, subparallel stripes; often interrupted by withish 
patches. Differ somewhat in the two colour forms, as follows :-Brown 
form: Stripes dark chocolate-brown, interstripes dirty white; dorsal 
spot dark chocolate ; a withish band running across str~pes in middle of 
~ye, and another - in upper half, thus interrupting the stripes. Green 
form: Stripes dark chocolate, interstipes darkish brown (obscuring the 
former) ; rest as in brown form. 

10. Pyrgomorpha sp. 

MateriaZ: SOUTH ASIA (Baluchistan Coast). 

Eyes striped, with curved and concentric brown stripes (number not 
stated, Rao and Gupta, 1939). 

Family II. ACRIDIDAB 

Subfamily (1) ACRIDINAE 

11. Acrida exaltata (Walker) 
(Text-fig. 9 A) 

Material: SOUTH ASIA: INDIA (Rajasthan and Central India) and 
BALUCHISTAN, 0 0', ~ ~, both living and dty examples. 
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Eyes elongate-oval (d' d' 3.0 mm x 1.5 mm; ~ ~ 3.6 mm x 2.0 mm), 
horizontal, with 3-10 dark brown, horizontal, subparallel stripes in the 
lower (anterior) half, the posterior one or two sometimes interrupted; 

A " mm , 

Text-fig. 9. 

'mm t 

c , mm 
L 

, I mm ~ 

I mm 

E I 2 mm F 

Eyes of some Aeridinae from India. (A) Acrida exaltata. Udaipur. ~,right 
eye. (B) Acrida sp. Varanasi. Head, in dorsal view. (0) Same, head, 
in side view. (D) Aulaoobothrus sp. Udaipur. ~,right eye. (E) Ohloebora 
crassa. Udaipur. ~, right eye. (F) 0, marshalli. Udaipur. ~, right eye. 
(G) Gonista sp. Udaipur. 0, right eye. (H) 01·thoctha indica. Udaipur, 
~, right eye. (I) Phloeoba infumata. Udaipur. ~, right eye. 

ant., antenna; d" dorsal spot of eye; pb., posterior pigment band; PS" posterior 
pigment streak; s., stripe. 

rest of eye finely mottled with brown. Interstripes a dirty cream; 
dorsal spot chocolate-brown, continued into a thin similar-coloured 
streak along the anterior margin of eye. 

Some geographical and sexual variation is evident. Examples from 
Baluchistan tend to have more stripes (6-10, mostly 8 and 9) than those 
from Central India (4-7). Males tend to have fewer stripes than females 
(Baluchistan: 0 0 7-9, ~ ~ 6-10; Central India: c c 4-6, ~ ~ 5-7). 

12. Acrida sp. 
(Text-figs. 9B, C) 

Material: INDIA (Varanasi, Uttar Pradesh), de, living examples. 
A small brachypterous species. 
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Eyes elongate and suboval (0 0 2.8 mm x 0.9 mm) ; anterior end 
narrowed, posterior end truncated; with 5 horizontal, slightly down
wardly curved, subparallel, earth-brown stripes in the lower (anterior) 
two-fifths of eye, and a wide, dirty brown band (pb.) covering the upper 
(posterior) one-fifth. Interstripes greenish white; dorsal spot chocolate
brown; subdorsal streak pale yellow. At the upper-inner (posterior) 
margin is present a thin chocolate-coloured streak, the posterior streak 
(ps.), which is almost continuous with the dorsal spot and runs down 
along three-fourths the length of eye-margin. 

13. Aulacobothrus sp. 
(Text-fig. 9D) 

[Phorenula of authors] 

Material: INDIA (Rajasthan and Madhya Pradesh), ~ ~, both living 
and dry exam\Jles. 

Eyes oval (2.5 mm x 2.0 n1m), narrowed dorsally, with 6 vertical para
llel brown stripes (interrupted at several places) in anterior two-thirds; 
rest of eye mottled with fine brown spots. Interstripes pale cream; 
dorsal spot chocolate; dorsal streak thin, cream coloured. Below the 
dorsal streak lies a small chocolate patch similar to the dorsal spot, 
fading at the lower end into the general brown of eye. (Such a 'second 
dorsal spot' has not been recorded in other Acridoidea.) 

14. Chloebora crassa (Walker) 
(T ext-fig. 9E) 

Material: INDIA (Udaipur, Rajasthan), ~ ~, dry examples. 

Eyes suboval (3.8 mm x 2.6 mm), a little narrowed ventrally; without 
stripes; mottled with irregular dark brown patches. Dorsal spot small, 
chocolate-brown. 

15. Chloebora marshalli (Henry) 
(Text-fig. 9F) 

Material : INDIA (Udaipur, Rajasthan), 0 is , dry examples. 

Eyes suboval (0 d' 3.5 mm x 2.5 mm), ventral end somewhat narro
wed; without stripes, and mottled with irregular brown patches. Dorsal 
spot small, chocolate-coloured. 

16. Dittopternis venusta (Walker) 

Material: INOlA (Madhya Pradesh), is 0, g g, living examples. 

Eyes oval, without stripes; mottled brown against a cream coloured 
base, the lower half much darker than the upper ; with two pale trans
verse bands, one in middle, the other in upper half. Dorsal spot 
chocolate-coloured. 
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17. Gonista sp. 
(Text-fig. 90) 

Material: INDIA (Udaipur, Rajasthan), 0 0, ~ ~,_ dry examples. 

Eyes oval (c 0 2.0 mm x 1.0 mm, ~ ~ 2.5 mm x 1.5 mm), oblique 
(du~ to forward prolongation of head), with 4 curved, subconcentric. 
brown stripes in the lower (anterior) half; rest of eye mottled with 
brown patches. 

18. Orthoctha indica Uvarov 
(T ext-fig. 9H) 

Material: INDIA (Udaipur,.Rajasthan), ~ ~, dry ~xamples. 

Eyes pear-shaped (~ ~ 3.0 mm x 2.0.mm), oblique, with 4 curved, 
subconcentric, brown stripes in lower (anterior) half; rest of eye mottled 
with irregular brown patches. 

19. Phlaeoba infumata Brunner 
(Text-fig. 9 I) 

Material: INDIA (Udaipur, Rajasthan), ~ ~,dry examples. 

Eyes suboval (~ ~ 2.3 mm x 1.8 mm), without stripes; finely mottled 
with dark brown patches, interrupted by two narrow, horizontal whitish 
bands. Dorsal spot small, chocolate-coloured. 

20. Phlaeoba panteli 1. Bolivar 

Material; INDIA (Udaipur, Rajasthan), ~ ~,dry examples. 

Eyes oval (2.8 mm x 2.0 mm), without stripes, mottled with irregular 
brown patches. Dorsal spot small, chocolate-coloured. 

21. Phl~eoba sp. 

Material: INDIA (Udaipur, Rajasthan), 0, a dry example. 

Eyes oval (0 2.0 mm x 1.5 mm), without stripes, finely ll).ottled with 
dark brown patches. 

Subfamily (2) CALLIPTAMINAE 

22. Acorypha glaucaupsis (Walker) 

[Gan us Oaloptenopsis of authors] 

Material: SOUTH ASIA: Baluchistan Coast (Pasni), 0 <5, ~ ~, 
living examples. 

Eyes striped, with 7 vertical, subparallel, dark brown stripes. 

23. Calliptamus italicus (Linnaeus): Italian Locust 

Material: EUROPE. 

Eyes with 5-7 vertical stripes (Volkonsky, 1938b). (The earlier' 
contention of Friza, 19t9, that the stripes are not continuous but 
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interrputed, was probably based on either exceptional or poorly per
served examples.) The number of stripes shows geographical and 
sexual variations; it is smaller in the northern latitudes (South Europe, 
5-7, mostly 5 and 6) than in the southern (North Africa, 6-7, in nearly 
equal number) (cf. Anacridium aegyptium). Males tend to have fewer 
stripes (5-6) than females (6-7). The histology of eyes has been studied 
by Jorschke (1913) and Friza (1929). 

Subfamily (3) CATANTOPINAE 

24. Catantops pinguis inlJotabilis (Walker) 
(Text-fig. lOA) 

[Syn. Oatantops indicus I. Bolivar 1 

Material: INDIA (Varanasi, Uttar Pradesh), ~ ~,living examples. 
Eyes elongate-oval (~~ 3.0 mm x 1.7 mm), narrowed dorsally; 

with 8 vertical, parallel, dark brown stripes, often interrupted. Part 

lmm 

B 

Text-fig. 10. Eyes of Catantopinae. '(A) Oatantops pinguis innotabilis. India. ~,right 
eye. (B) Xenocatantops humilis humilis. India. Head in dorsal view. 
(0) Same, right eye. 

of the antero-ventral end blakish chocolate; posterior half mottled 
cream-yellow, with brown patches; upper anterior half irregularly 
mottled with brown. Dorsal spot dark chocolate; subdorsal streak 
pale yellowish olive. 

25. Catantops pinguis pingWs Stal. 

Material: INDIA (Udaipur, Rajasthan), 0 0, ~ ~, dry examples. 

Eyes elongata-oval (0 (5 3.3 mm x 2.1 mm; ~ ~ 3.8 mm x 2.5 mm), 
the anterior margin sub straight ; with 8 vertical, dark brown stripes, the 
anterior 3 interrupted by an oblique white band, Dorsal spot chocolate
~olp\1red, 
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26. Xenocatantops humilis humilis (Serville) 

(Text-figs. 10 B, C) 
[Oatantops humilis (Serville) of authors] 

Material: INDIA, 0 is, ~ ~ living examples. 

Eyes suboval (3.2 mm x 1.7 mm), narrowed dorsally; with 8 thin, 
vertical, parallel, brown to chocolate-coloured stripes. Dorsal spot dark 
brown to chocolate. 

Subfamily (4) COPTACRIDINAB 

2 7 ~ Eucoptacra praemorsa Stal 

Material: INDIA (Udaipur, Rajasthan), ~ ~,.dry examples. 

Eyes elongate-oval (~~ 3.0 mm x 1.5 mm), with anterior margin 
sub straight ; without stripes; finely mottled with dark brown. spots, 
·the mottling being denser and darker at the anterior margin. 

Subfamily (5) CYRTACANTHACRIDINAE 

28. Ana~ridium aegyptium (Linnaeus) 

Egyptian Grasshopper 

Material: SOUTH ASIA (Baluchistan Coast), ~ ~,living examples. 
Eyes elongate-oval (3.8 mm x 2.3 mm), with 7-8 vertical, parallel, 

brown . stripes (Baluchistan examples only), in the proportion 67 (7) : 
33 (8). 

Earlier records from Southern Europe and North Africa (Volkonsky~ 
1938a, b) gave the number of stripes as 5-8, with a well marked geogra
phical variation, there being fewer stripes i~ the northern latitudes 
(France, 5-7) than in the southern (North Africa, 7-8). There is also 
some indication of sexual differences, females tending to have more 
stripes than males. 

29. Anacridium melanorhodoD (Walker) : Northern Tree Locust 

[A. moestU'1n melanorhodon of authors] 

Material: WEST AFRICA (Mauritiana). 

Eyes with 7 .. 8 vertical, parallel stripes (Volkonsky 1938a, b). 

30. ~4.nacridium rubrispinum Bei-Beinko 
(Text-fig. 11 A) 

[A. aegyptiU'1n rubrispinum of authors] 

Material: INDIA (Kutch), 0 is, ~ ~,livings examples. 

Eyes, elongate-oval (S mm x 3 mm), with 7-8 vertical, subparallel, 
chocolate-coloured stripes ; anterior stripe very thick; 8 stripes app~-. 
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rently more common in females, 7 in males. Interstripes grey-white; 
dorsal spot dark chocolate. (Also see Addendum.) 

31. Cyrtacanthacris tatarica (Linnaeus) 
(Text-fig. 11 B) 

Material: INDIA (Udaipur, Rajasthan), 0' (J, ~ ~,dry examples. 

Eyes oval (3.5-5.0 mm x 2.7-3.2 mm), with 6-8 vertical, parallel, dark 
brown stripes. Interstripes cream coloured to dirty white, that between 

2mm 

8 

I mm 

Text-fig. 11. Eyes of some Cyrtacanthacridinae. (A) Anacridium rubrispinum. Kutch, 
India. ~, left eye. (B) Cyrtacanthacris taiarica. Udaipur, India. ~, 
right eye. (0) Nomadacris septemfasciata. South Africa. Right eye. ~, 
phase solitaria, with 8 stripes. (D) Schistocerca cancellata. Argentine. 
~ , left eye of phase solitaria. 

the anterior stripe Nos. 2 and 3 wider than the rest. Dorsal spot 
chocolate-brown.. (Present account; also see Rao and Gupta, 1939,6-7 
stripes; Uvarov, 1960, p.412, Fig. 238, C, 6 stripes; and Venkatesh 
and Harjai, 1976, 7-8 stripes.) 

32. Nomadacris septemfasciata (Serville) 
(Text-fig. 11 C) : Red Locust 

Material: SOUTH AFRICA. 

Eyes oval (3.7 mm 2.8 mm), with 7-9 vertical, pal'3,l1~l~ dark brown 

2~ 
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stripes (Burnett, 1951 I; Albrecht, 1955; also Rao and Gupta, 1939, 
7 stripes). 

According to Burnett (1951), who gave the number of stripes in 
phase solitaria as 7-9, there is some phase variation, and the numbei~ 
is "greater in the solitaria phase" (p. 489), but the actual number in 
the gregaria phase was not mentioned. He further stated that in the 
older hopper stages the eyes are so heavily pigmented in the gregaria 
and transiens phases that stripes are hardly distinguishable; in the 
solitaria phase, on the other hand, the stripes are clear. The, data of 
Burnett also suggest some sexual dffferences in the number of stripes, 
which is mostly 8 (92 %

) in females, with very few 7 and 9 (6% and 
2 % 'respectively); in males also the common number is 8 (72%), but 
7 also occurs in substantial proportion (26%) and 9 is rare (20/ 0 ), 

33. Pacbyacris vioosa (Walker) 
(Text-fig. 12) 

Material: INDIA (Udaipur Rajasthan), is 0 , dry examples. 

Eyes elongate-oval (0 is 4.0 mm x 2.5-2.8 mm), slightly narro'Yed 
dorsally; with 5-7 rather thin, vertical, parallel, brown stripes. Dorsal 
spot dark brown to chocolate. 

e j mm' 

Text-fig. 12. Pachyacris vinosa. Udaipur, India. O. (A) Head. in dorsal view. 
(B) Right eye, enlarged. 

34. Pataoga succi oct a '(Linnaeus) : Bombay Locust 

Material: INDIA. 

Eyes vertically striped with 7-9 (mostly 8) dark brown stripes (Rao 
and Gupta, 1939). 

35. Scbistocerca caocellata (Serville)* 
(Text-fig. 11) : South American Locust. 

Material: ARGENTINA: is 0, ~ ~,dry examples. 

* Dirsh (1974) regards Se cancellata as a subspecies of S. americana (Drury). S. 
p~ranensis ~Bt;trmeister), ~ormerly reg~rded as a synonym of S. cancellata, is regarded by 
Dlrsh as ~ dIstInct subspeCIes of S. amencana~ 
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-Eyes oval (3.0 .. 4.0 mm x 2.0-2.5 mm). Eyes in females slightly longer 
thah in males. In the ratio Length/Width (0.64-0.71) there is no 
significant difference between the sexes or the phases. In both gregaria 
and solitaria phases, there are only 7 vertical, parallel, dark brown 
stripes (Roonwal and Bhanotar, 1964). 

36. Schistocerca gregaria (Forskal) T 
(Text-fig. 13): Desert Locust 

Material: INDIA, PAKISTAN: d' C, ~ ~ , living examples. 
Eyes oval (d' is 3.4 - 4.0 mm x 2.2 - 2.5 mm; <f ~ 4.0-4.8 mm X 

2.5 - 3.3 mm), with 4-8 (mostly 6 and 7) vertical, parallel, dark brown 

is.--+-'=.· 
s~ 

2mm 

-·~-.. ·-~-s~ 

A B 

s~ 

• 

c 

1 s. 

Text-fig. 13. Right eyes of Schistocerca gregaria, sh?wing, phase and ~onphase poly:" 
Inorphism. India. (A) Phase gregar~a! wIth 6 ,eye-stripes. (B)- (E) 
Phase solitaria, with 6, 7, 8 and 5 eye-strIpes respectIvely. (From Roonwal, 
1954.) 

d., dorsal spot of eye; is., interstripes ; s 1 - S8, first to eighth stripes, counting 
from the posterior margin of eye. 

stnpes. Interstripes cream coloured in phase sol£taria (Text-figs. 13B-E), 
and heavily invaded by brown (so as to almost obscure the stripes) 

t Dirsh (t974) regards S. gregaria as a subspecies of S .. a1nericana (Drury), viz., S. a. 
gregoria (Forskal). S. fia'L'iventris (Burlneister), variously regarded as a junior synonym 
of 8. gregaria" 'p'1ase solitaria' of S. gregari':£, and a subspecies of S. gregaria, is also now 
r .. rded by Dirsh (1974) ill. a subspceies of S. a1nericana. 
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in phase gregaria (Text-fig. 13A). Dorsal spot chocolate-coloured; 
subdorsal streak thin, white. (Also see Roonwal, 1936-1971 ; Rao, 1960 ; 
and others.) 

Much work has been done in this species on phases and other 
aspects. In swarms (phase gregaria) only 6 stripes occur, a situation 
used for predicting swarming (Roonwal, 1945). The postembryonic 
development of stripes and eye histology have been studied by Roonwal 
(1936, 1937, 1947); also their relationship with population· flux, sex 
ratio, etc. (Roonwal, 1941, 1945, 1949, 1954, 1958, 1962, 1971 ; Bhanotar 
and Srivastava, 1974; and Bhanotar and Mahto, 1977). According to . 
Bernard (1937), the number of eye facets (mean values) increases from 
2,470 in the 1st stage hopper to 9,400 in adults, and the length of 
ommatidia from 164 to 650 microns. The occasional occurrence of 
asymmetry in the number of eye ... stripes has been mentioned by Bhanotar 
(1959) and Bhanotar and Mahto (1974). 

Subfamily (6) DERICORYTHINAE 

37. Dericorys ramachandrai U varov 

Material: SOUTH ASIA (Baluchistan Coast: Pasni), ~ ~, living 
examples. 

Eyes with 7 vertical, subparallel, dark brown stripes. 

Subfamily (7) EYPREPOCNEMIDINAE 

38. Cataloipus iodicus Uvarov 
(Text-fig. 14A) 

Material: INDIA (Udaipur, Rajasthan), 0 d', c:; ~,dry examples. 

I lmm 2mm 
. ;' 

Text-fig. 14. Rig!lt eyes of two Eyprepocnelnidinae. (A) Gataloipus indicus. Udai ur 
IndIa,. ~, (B) Heteracris litlorolis asiaticus, India (Jaisalmer dist~ct· w. RaJasthan), ~. • 

Eyes sub oval (6 d 4.3 n1m X 2.2 mm; ~ ~ 5.0 mm X 2.8 mm), with 
anterior margin substraight; without stripes or mottling; apparently 
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uniformly pigmented which brown all over, except for a narrow strip 
at the anterior margin which is deeply pigmented chocolate-brown, and 
a simIlar but narrower strip at the posterior margin. Dorsal spot 
chocolate. 

39. Choroedocus illustris (Walker) 

Material: INDIA (Udaipur, Rajastnan), 0 &" ~ ~, dry examples. 

Eyes elongate-oval (c C 4.3 mm X 2.5 mm; ~ ~ 5.0 rom X 3.0 mm), 
anterior margin sub straight ; without stripes ; mottled brown (in some 
males apparently with 3 or 4 faint, interrupted stripes). Dorsal spot 
c~colate-brovvn. 

40. Cboroedocus robustus (Serville) 

Material: INDIA. 
(Text-fig. 15) 

Eyes elongate-oval (6.7 mm X 3.3 mm); anterior margin almost 
straight and antero-lateral upper corner somewhat projected forward. 

A 3mm 

., mM 

Text-fig. 15. Ohoroedocus robustlls (Eyprepocnemidinaa). India. (A) Head, in dorsai 
view. (B) Right eye, enlarged. 

With 3-4 vertical, parallel brown stripes in the anterior half, and 
indications of 4 or 5 faintly visible, incomplete stripes in the posterior 
half (the latter masked by the general brown colour of interstripes). 

41. Eyprepocnemis alacris (Serv UIe) 
(Text-fig. 16) 

Material: INDIA (Udaipur,_ Rajasthan), d 6, ~ ¥, dry examples. 

Eyes elongate-oval (3.0-4.0 mrnx2.2-2.S mm), with 7-S'vertical, 
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parallel, chocolate-brown stripes. Interstripes pale brown; dorsal spot 
chocolate-coloured. (Also see Addendum.) 

42. Eyprepocnelnis poiarans ornatipes (Walker) 

ill aterial: EUROPE. 

Eyes with 5 - 6 vertical, parallel stripes (vide Uvarov 1966, p. 412, 
Fig. 237). 

Text-fig. 16. Eyprepocnemis alacris (Eyprepocnemidinae). India. (A) Head, in dorsal 
view. (B) Right eye, enlarged. 

43. Heteracris Iittoralis asiatic us Uvarov 
(Text-fig. 14B) 

[ Genus Thisoicetrus of authors] 

Material:, SOUTH ASIA: INDIA (Chandan, }aisalmer district, 
Rajasthan) ; BALUCHISTAN COAST (Pasni) ; 0 0, ~ ~, living examples. 

Eyes oval (4.0 mm. X 2.0 mm), with 6-9 (usually 7 and 8) vertical, 
pafallel, dark brown stripes; occasionally, the posterior one or two 
stripes interrupted~ Interstripes cream coloured to dirty white; dorsal 
spot chocolate- coloured. 

44. Heteracris Iittoralis littoralis (Rambur) 

( Genus Thisoicetrus of authors 1 

Material: ? NORTH AFRICA. 

Ac~ording to Volkonsky (1938b), the eyes are vertically striped 
(number of stripe, not mentioned). 

45. Heteracris Iittolaris ?subsp. 

Material: INDIA ~Udaipur, Rajasthan), ~ ~ , dry examyles, 

Eyes oval (4.0 mm X 2.6 mm), with 5 .. 6 vertical, parallel, dark brown 
stripes (the posterior one or twO' stripes sometimes interrupted). 
Dorsal spot chocolate-brown. 
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Subfamily (8) GOMPHOCERINAE 

46. Dociostaurus sp. 
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Eyes without stripes; mottled with cream and brown patches (Rao 
and Gupta, 1939). 

47. Ochrilidia sp. 

[ Platyptera of authors 1 

Material: 
example. 

SOUTH ASIA: Baluchistan Coast (Pasni), ~ ; a living 

Eyes· striped, ~ith vertical, subparallel, dark bro\vn stripes (number 
not determined). 

48. Stenobothrus sp. 

M4terial: EUROPE. 

Eyes uniformly pigmented without any stripes or mottling (Friza, 
1929). 

Family (9) HEMIACRIDINAE 

49. Hieroglypbus banian (Fabricius): Rice Grasshopper 

Material: INDIA. 

Eyes elongate-oval; eye colour warm brown (no yellows), with 3 
vertical, brown stripes in the anterior one-third (eye-stripes are clearer 
in hoppers than in adults). Dorsal spot chocolate-brown; subdorsal 
streak narrow and pale yellow. (Also see Rao and Gupta, 1939.) 

50. Hieroglyphus nigrorepletus I. Bolivar (Text-fig. 17): Phadka 

Grasshopper 

Text-fig. 17. Hieroglyphus nigrore'Pletus, brachypterus form (Hemiacridinae), India 
(Ajmer, Rajasthan), ~ (A) Head, in dorsal view. (B) Right eye, 
enlarged. 

Material: INDIA (Aimer, Rajasthan; Varanasi, Uttar Pradesh), d d, 
~ ~ , living examples ; barchypterous individuals. 

Roonwal (1976) has described the eyes of the older hoppers and pf 
adults and di~cQsseQ the development of pigmentation pattern. Eyes 
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elongate-oval (3.3 mm X 2.0 mm), generally paler in males than in 
females. Dorsal spot dark brown to chocolate ; subdorsal streak dirty 
white. Pigmentation differs in' green and brown morphs. Green 
morph: General colour of eyes yellow to brown (darker in posterior 
half, with a clear posterior edge); with 1-3 vertical parallel, brown 
stripes in anterior half, and 1 or 2 fainter ones in middte. Brown 
morph: General colour of eyes darker brown, almost dark smoky 
to black ; rest as in green morph. 

51. SpathosterDum prasiniferum prasiniferum (Walker) 
(Text-fig. 18) 

Material: INDIA (Rajasthan and Central India), d d, ~ ~ " both 
living and dry examples. 

Eyes elongate-oval, subpyriform (2.5-3.1 mmX 1.5-1.9 mm), with 
a small rounded projection at the antero-Iateral end; with 4-6 vertical, 

2m~ 

Text-fig. 18. Spathosternum prasiniferum prasiniferu'In. Rajasthan, India. ~. 
(A) Head, in dorsal view. Right eye, enlarged. 

parallel, dark brown stripes in anterior two-thirds; posterior third of 
eye more or less uniformly dark brown. Interstripes pale olive; 
dorsal spot chocoalate-coloured; dorsal streak pale brown. (For life
history, see Iqbal and Aziz, 1974.) 

Material: INDIA. 
52. Spathosternum sp. 

Eyes with 6-7 vertical, parallel stripes (Rao and Gupta, 1939). 

Subfamily (10) OEDlPODlNAE 

53. Acrotylus humbertianus (Saussure) 
(Text-figs. 19A, B) 

Material: INDIA (Jodhpur, Rajasthan), 0 0, ~ ~, dry examples. 

Eyes small, subround (<3' & 1.7 mmX 1.5 mm; ~ ~ 2.0 mmX 1.8 
Jllm), unstriped ; irregularly mottled with chocol~te patches~ with some-
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times a horizontal, dirty white band running across the middle and a 
dark chocolate streak at the lower edge. Dorsal spot hammer-shaped 
and chocolate-coloured. 

54. Gastrimargus africanus orientalis (Sjostedt) 
(Text-fig. 19C) 

Material: INDIA (Udaipur, Rajasthan), is ~, ~ ~ , dry examples. 

Eyes elongate-oval (is is 2.5 mm X 2.0 mm; ~ ~ 3.0 nlm X 2.6 mm), 
without stripes; finely mottled with dark brown patches, which are 
interrupted by an obliquely horizontal whitish band. 

55. Locusta migratoria (Linnaeus). Migratory Locust 

,.Material: lEuRoPE. 

Eyes without stripes; irregularly mottled with cream and brown 
(Rao and Gupta, 1939). 

A ,I mm , B 

I mm E 
-----.." 

F 

~ .. :~:.,.~ 
"'~~ fir .9 :- '.'c'., ... 

'f' • 
, .... -1 •• '.' '" 

I mm 

, I mm.l 

c o 
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Text-fig. 19. Eyes (all in side view, except B) of some Oedipodinae. (A) Acrotylus humber
tianus, right eye. Jodhpur, India. (B) Same, in dorsal view, (O) Gas
trimo/rgus africanus orientalis, right eye, ~. Udaipur, India. (v) Oedaleus 
abruptus, right eye India. (E) Oedaleus senegalensis, left eye, ~,Udaipur, 
India. (F) Oedipoda coe'rulescens. Europe. (G) Psophus st'l'idulus. 
Europe. (H) Sphingonotus coerulans. Europe. (1) Trilophida annuZata. 
Udaipur, India. ~ (F, G, H, adapted from Friza; the rest original.) 

• 
d., dorsal spot; hd., head. 

56. Oedaleus abruptus ThunJ:>erg 
(Text-fig. 19D) 

Material: INDIA (Rajasthan and Central India), is is 1 ~ ~, both 
living and dry examples. 

23 
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Eyes oval (2.0 mmX 1.5 mm), with 4-6 vertical, parallel, dark brown 
stripes (sometimes very faint) in anterior two-thirds, interrupted by 
one or two horizontal to oblique white bands; rest of eye brownish. 
Interstripes pale brown; dorsal spot chocolate-coloured r dorsal streak 
thin, yellow. There is sexual variation in the number or stripes, which 
are fewer in males (4-6, mostly 4) than in females (4-6, mostly 5). 

57. Oedaleus senegalensis (Krauss) 
(Text-fig. 19E) 

Material: INDIA (Udaipur, Rajasthan), ~ ~,dry examples. 

Eyes oval (3.5 mm X 2.3 mm), with 3-4 irregular, jagged, vertical, 
parallel, dark brown stripes in anterior two-thirds; rest of eye mottled 
with irregular chocolate-brown patches. 

58. Oedaleus sp. 

Material: ? INDIA. 

According to Rao and Gupta (1939), faint vertical eye-stripes are 
present (number not mentioned). 

59. Oedipoda coerulescens (Linnaeus) 
(Text-fig. 19F) 

Material: EUROPE. 

According to Friza (1929), eyes small, subround (1.4 mmX 1.1 mm), 
I 

unstriped and mottled with grey-brown spots. Their histology has 
./ 

been studied by the same author. 

60. Psopbus stridulos (Linnaeus) 
(Text-fig. 190) 

MateraZ: EUROPE. 

Eyes small, rounded-oval (1.6 mmX 1.2 mm), without stripes; 
irregularly mottled; divided into an upper and lower half. Lower half 

J 

blackish with numerous dots; upper half pale grey with white dots ; 
in between is a narrow, horizontal, white streak (Exner, 1891, ]orschke, 
1914, Friza, 1929). Histologically, the dark lower half contains a thick 
deposit of dark pigment in the secondary pigment cells ; this pigment is 
wanting in the pale half of eye (Friza, 1929). (Cf. Schistocerca gr~gari(J 

above.) 

61. Pyrgodera sp. 

Material: INDIA. 

Eyes without stripes; mottled with cream and brown (Rao and 
Gupta, 1939). 
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62. Sphingonotus coerulans (Linnaeus) (Fig. 19H) 

MateriaZ: EUROPE. 
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Eyes small, rounded-oval (1.4 mm X 1.1 mm), without stripes; 
mottled with grey-brown flecks (Friza, 1929). 

63. Sphingonotus sp. 

Eyes without stripes; mottled with cream and brown (Rao and 
Gupta, 1939). 

64. Trilophida annulata (Thunberg"> 
(Text-fig. 19 I) 

Material: INDIA (Udaipur, Rajasthan), ~ ~,dry examples. 

Eyes oval (~ ~, 2.1 mmX 1'.3 mm), without stripes; mottled with 
dark chocolate-brown patches. A whitish horizontal band cutting the 
eye in two parts-a lower, much darker two-thirds and an upper, 
paler one-third. Dorsal spot small, chocolate-brown and hammer-shaped 
(not spindle-shaped as in most Acridoidea). (Banu and Kushwaha, 1976, 
have studied some aspects of its morphology, but not the eye-stripes.) 

Subfamily (11) OXYINAE 

65. Oxya hyla hyla Serville 
(Text-fig. 20A) 

[ Syn. Oxya ebneri Willemse 1 

MateriaZ: INDIA (Udaipur, Rajasthan), d d, ~ ~, dry museum 
examples. 

Eyes oval (d' d' 2.8 mm X 1.8 mm; ~ ~ 3.2 mm X 2.3 mm), with 2 
or 3 faint, brown, interrupted, vertical stripes in the anterior one-third 

Text-fig. 20. Right eyes of: (A) Oxya hyZa hyZa (Oxyinae). Udaipur, India. O. 
(B) Teratodes sp. (Romaleinae), older (penultimate) stage hopper. I\Iadhya 
Pradesh, India. cJ. 

of eye; in some cases the entire eye mottled with brown. Dorsal spot 
chocolate-coloured. 
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66. Oxya sp. 

Material: INDIA. 

Eyes with 2-3 vertical, parallel stripes in anterior half; none in the 
posterior half where they are probably masked by brown pigment of 
the interstripes (Rao and Gupta, 1939). 

Subfamily (12) ROMALEINAE 

67. Teratodes sp. 
(Text-fig. 20B) 

Material: INDIA (Waidhan, Sidhi District, Madhya Pradesh), 
nymphs of both sexes, living examples. 

In older nymphs (penultimate stage, with upturned elytra and 
wing-rudiments), the eyes are elongate-oval; there are 8 vertical, 
parallel, olive-brown stripes in the anterior two-thirds of eye, the rest 
of the eye being irregularly mottled with brown spots. (Since a stripe 
is added at each moult, this would suggest 9 stripes in adults.) Inter
stripes cream-coloured ; dorsal spot brown. 
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SUMMARY 

1. A comparative study of various patterns of eye pigmentation 
(stripes, mottling, etc.) as occurring in grasshoppers (Orthoptera, 
Acridoidea) has been made in two principal ,families (the Pyrgomor
phidae and the Acrididae); 47 genera and 67 species and subspecies 
were studied. 

2. Pigmentary patterns have been classified into two principal types, 
e.g., striped and unstriped, with a number of subtypes, as follows :-

TYPE I. Eyes striped. Oategory A. Stripes vertical. Group 1. 
Stripes sub straight and parallel: (a) Stripes complete ; (b) interrupted. 
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Gr. 2. Stripes curved and .concentric (doubtful type). Oategory .B. 
Stripes oblique to horizontal. Gr. 1. Stripes sub straight and parallel. 
(a) Stripes complete; (b) interrupted. Gr. 2. Stripes curved and 
subconcentric. 

TYPB II. Eyes unstriped. Oategory A. Eyes mottled. Gr. 1. 
Mottling uniform. Gr. 2. Mottling not uniform (part" of eye darker). 
Oategory B. Eyes not mottled; uniformly coloured. 

3. The known distribution of the various types among the 
Acridoidea is given. 

4. Brief descriptions of pigmentary patterns in various species are 
provided. 

5. The biological significance and applied importance of the eye 
patterns (especially the striped ones) are discussed with regarCi to. 
phylogeny, taxonomy, polymorphism, geographical, climatic and sexual 
variations, the number of moults, population flux, the prediction of 
swarming, vision, concealment, etc. 

6. There is some correlation of eye pigmenation with phylogeny 
and taxonomy, though there are important exceptions. In the Pyrgomor
phidae eyes are striped in some genera and unstriped in others, and 
the same situation exists in the Acrididae. Subfamilies show greater, 
but by no means universal, uniformity. Eyes are vertically striped in 
all Calliptaminae, Catantopinae and Cyrtacanthacridinae ; unstriped and 
mottled in most Oedipodinae; and of varying types in other acridid 
subfamilies. Generally, there is uniformity within a genus, but here 
too there can be exceptions (e.g., Ohoroedocus, Eyprepocnemidinae). 

7. Some species exhibit geographical variation in the number of 
eye-stripes (e.g., Anacridium aegyptium, Acrida exaltata, etc.) 

8. Some authors have claimed a correlation between the number 
of eye-stripes on the one hand, and season and temperature on the 
other. The data, however, are too inadequate to arrive at definite 
conclusions. 

9. In some species the number of eye-stripes shows a relationship 
with sex, and the fonowing tentative rule is given: Where sexual 
differences exist in a species, stripes tend to be fewer in males than in 
females. (Put in another way, to characterise a mixed population, we 
may generalise thus: In a species population in an area the male ratio 
is high~r in samples with fewer eye-stripes than in those with more 
numerous stripes.) 

10.. During postembryonic development in a number of species a 
partial correlation between. eye-stripes and moulting exists, one stripe 
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being generally added at each moult. There is, however, no absolute 
correlation as claimed by some authors, and the adult number of eye
stripes cannot be reliably used to determine the total number of moults 
in a species. 

11. In some species the number of eye-stripes is correlated with 
phase variation and population flux (Schistocerca gregaria). On this 
basis, several hypotheses have been put forward by authors for tlAe 
prediction of swarming. 

12. Eye-stripes have been shown to playa significan 1role in vision 
(i.e., the nature of image formed inside the eye), and in the behaviour 
of the individuals. 

13. There is correlation between the size of eyes and phase and 
eye-stripe polymorphisms; sex differences also exist in respect of 
eye-size. 

14. Eye-stripes play an important role in concealment and thus 
have an additional adaptive function. 

15. .Abnormalities in eye-stripes are discussed. 
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ADDENDUM 

In Anacridium rubrispinum, Venkatesh et al. (1977) gave the number 
of eye-stripes as varying from 6-8. In 95 examples taken from the 
field, the majority of males (91.3%) had 7 stripes, with one having 6 and 
another 8. Among females also the majority (86.1 % ) had 7 stripes and 
the rest 8. 

In Eyprepocnemis alacris alacris (Serville), Muralirangam and 
Ananthakrishnan (1977) gave the adult number of eye-stripes as 6 in 
both sexes. They further stated that the number increased from one in 
the first instar hopper to six in the adult, one stripe being added at 
each of the five months, and there was no extra moult. The occurrence 
of an extra moult is so common a feature in the Acridoidea that its 
'absence' in E. alacris is no doubt due to an insufIicency in the number 
of examples studied. If this is so, the number of adult eye-stripes may 
well vary from 6 to 8. 
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STUDIES ON CICADELLID COLLECTIONS FROM 

MANIPUR (I-IEMIPTERA: CICADELLIDAE) 

By 

K.R.RAO 

Eastern Regional Stat'ion, Zoological S~trvey of India, Shillong 

( With 1 Text-figure) 

The paper deals with the studies on the collection of Cicadellidae 
made by the author in March, 1974 and by M. Datta in 1975. The 
collections are mainly from Moirang and Churachandpur regions of the 
state. In all thirteen species ar~ reported of which one is new and 
eleven are recorded for the first time. 

SYSTEMATIC ACCOUNT 

Family CICADELLIDAE 

1. Tettigoniella ferruginea (Fabr.) 

1794. Cicadafen'uginea Fabr., Ent. Syst. 4 : 32. 

1908. TettigonieZla ferruginea (Fabr.) : Distant, Fauna Br. India, (Hemiptera) 4: 202. 

1973. Tettigoniella ferruginea (Fabr.) : Datta, Zool. Anz : 191 (5 & 6) : 458. 

Material.-1 ~,Singnat, 27. iii. 1974, K. R. Rao. 

Remarks.-Reported from North ~ndia, Assam and Khasi Hills. 

Recorded from Manipur for the first time. 

2. Tettigoniella spectra (Distant) 

1853. Tettigonia albida (nee Walker) Signoret, Ann. Soc. Ent. Fr., 21, (3 : 663. 

1908. Tettigoniella spectra Distant, Fauna Br. India (Ilemiptera) 4: 211. New 
name for Tettigonia albida Signoret 1853 not Tettigonia albida Walker 1851. 

Material.-4 ~ ~, Moirang, Loktak Lake, 17. iii. 74, K. R. Rao ; 4 
~ ~,Moirang-Faogak chaokhai, 19. iii. 74, K. R. Rao ; 1 
~,Kongvai, 22. iii. 75, .1Jf. Datta; 18 J 0, 17 ~ ~, 

~'est of Churachandpur 24. iii. 74, K. R. Rao; 2 ~ ~, 

Gulezong, 25. iii.75, M. Datta; 1 0, Singnat, 26. iii. 74. 
K. R. Rao. 

Rema'tks.-Reported from Calcutta, Bombay, Surat, Nagpur, Pusa, 
Bengal, SRI LANKA and AUSTRALIA. 
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3. Tettigoniella subvirescens (Stal) 

1870. Tettigonia subvirescEns (Stal, Oiv. Vet. Ak. Fork: 734. 

1908. TettigonieUa sub'tirescens Stal : Distant, Fauna Br. India (Hemiptera) 4 : 212. 

Material.-1 0, Moirang, 18. iii. 74, K. R. Rao. 

Remarks.-This species is known from Calcutta, Tennasserim (BURMA) 
and PHILIPPINES. It is reported from the first time from Manipur. 

4. Tettigoniella intermedia sp. nov. 

Length including tegmen: 0 5.50 mm; ~ 5.60 mm. 

Grown with three round, black spots one at each anterior angle and 
another at apex; an irregular, black spot posterior to each ocellus, three 
large, red spots one at inner margin of each eye and a discal one (not 
bifid) present; a fine median line from base of crown to level of ocelli 
present. Face pale ochraceous; clypeus with a black stripe at each 
lateral margin uniting medially at posterior margin and continued 
medially clypeus to apex. Anterior margin of pronotum pale ochraceous, 
with a transverse series of irregular spots, the central one, being largest; 
spots sometimes forming a uniform, submarginal, black band ; central 
spot, medial line and the irregular, triangle at posterior margin, black ; 
pronotum on either side of black medial line reddish. 

Scutellum reddish, with a large, black spot at each basal angle. 
Tegmina pale fuscous, with three, longitudinal, sanguineous fasciae; 
one subcostal, another corium and third on clavus (not touching the 
apical area of tegmina) ; a short sanguineous fascia between the claval 
and corial fasciae present. Wings fuliginous, with piceous veins. 
Abdomen black, posterior margin of sterne pale ochraceous. 

Median length of crown equal to half the distance between the eyes; 
pronotum broader than long, distinctly concave at posterior margin. 
Valve concave at posterior margin; pygofer long, convex posteriorly; 
with stout bristles at posterior margin. Ovipositor stout. 

Male genitalia.-Genital Capsule: Male plate (Text-fig. lA) broad 
in ventral aspect; deeply curved along lateral margin; with a single row 
of macrosetae extending across disc to mesal margin and numerous 
irregularly arranged micro setae between macrosetae and lateral margin. 
Pygofer ( Text-fig. IB) with numerous macrosetae on postero-dorsal area 
and dorsal margin, one long macroseta just dorsal of outer basal angle 
of male plate. Pygofer hook (Text-fig. IB & C) massive, arising from 
latero-basal margin and directed dorsally; caudal ventrally; ap~x 
accuminate. Anal tube (Text-fig. 1 F) cylindrical, with a few setae at 
the posterior end. 
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Style (Text-fig. ID) straight cephalic portion narrowed and pointed; 
caudal portion also narrowed but curved lateral. Connective (Text-fig . 

. ---MP 

A 

STy---- \ 

D 

8 

E F 

Text-fig. 1. Tettigoniella intermedia sp. nov. A-l\fale plate ventral view, 

B-Genital Capsule and male plate. latera.l view, C-Pygofer hook 

dorsal view, D-Style and connective dorsal view, E-Aedeagus 

lateral view, F-Anal Tube dorsal view. 

l\fP-l\{ale plate, PYG-Pygofer, PH-Pygofer hook, STY-Style, 
CO NT-Connective, AED-Aedeagus, AT-Anal tube. 

1D) V-shaped, arms diverging. Aedeagus (Text-fig. lE) with a well 
developed base; shaft straight, with small lobes at apical region. 

Tettigoniella intermedia sp. nov. is intermediate between T 
rubromrreulata (Sign.) and T sikhimensis Dist. It resembles both in 
baving thr~e lon~itudinal sanguineous fasciae on the tegmen but 
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differs by (i) presence of five black and three large red spots on the 
crown, (ii) red and black bands on the pronotum and (iii) structural 
variations in the genitalia. 

Specimen8 8tudied.-

Holotype is : India; Manipur, Kongvai, Alt. 875 m, 22. iii. 1975, 
M. Datta. 

Paratypes : 
depOsited in 
Calcutta. 

2 is 0 and 2 ~ ~ with same data as in Holotype. All 
the National collections, Zoological Survey of India" 

5. Indiocerus maculatus Distant 

1912. Idiocerus maculatus f'istant, Fauna Br. India (Hemiptera), 6 : 226. 

Material.-2 ~ ~, Moirang, 18. iii. 74, K. R. Rao. 

Remarks.-Previously known from Chilka lake. Reported for the 
first time from Manipur. 

6. Hecalus porrectus (Walker) 

1858. Acocephalus porrecta Walker, List. Hom. Suppl., 262. 

1908. Thomsoniella porrecta (Walker) ,: Distant, Fauna Br. India (Hemiptera). 
4 : 278. 

1918. ParaboZocratus porrectus (Walker) : Distant, Fauna Br. India (Hemiptera), 
7 : 31. 

1973. Hecalus parrectus {Walker} : l\iorrison, Pacif. Ins. 15 : 379 : 438. 

1973. ThomsonielZa aZbomaculaia Distant: Distant, Morrison, Pacif. 15 : 421 

1973. HecaZaus porrectus (Walker) : l\iorrison, Pacif. ins. 15 ; 421. 

Material.-2 ~ ~, Churachandpur-Saikot, 23. iii. 74, K. R. Rao. 

Remark8.-Reported from Calcutta, Pusa, MALDIVE Islands, DimikoiJ 

SRI LANKA, BURMA and the PHILIPPINES. Reported for the fist time from 
Manipur. 

7 . Paramesus liDeaticollis Distant 

1908. Paramesus lineaticollis Distant, Fauna Br. India (Hemiptera), 4 : 294. 

Material.-1 ~,Churachandpur-Saikot, 23. iii. 74, K. R. Rao. 

Remark8.-This species was so far known fro~ Pusa (Bihar),. 
Reported for the first time from Manipur. 
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8. Jassos atkinsoni Distant 

1908. Jassus atkinson';' Distant, Fauna B1·. India (Hemiptera.), 4:.331. 

Material.-l ~,Noney village, New Cachar Road, 30. iii. 74, 
K. R. Rao. 

Remarks.-Known from Assam and SRI LANKA. It is reported for 
the first time from Manipur. 

9. Arya rubrolineata Distant 

1908. Arya r'l.tbrolineata Distant, Fauna B'r. India (Hemiptera.),4 : 338. 

1967. Arya rubrolineata Distant: Rao, J. Bombay na'. Hist. Soc., 64 (1) : 130 

.. 7Jfaterial.-l ~, Singnat, 28. iii. 74, K. R. Rao. 

Re'lnarks.-Previously known from Calcutta, Barrackpore, Kalyani 
(West Bengal). Reported for the first time from Manipur. 

10. Phrynomorphus indicus (Distant) 

1908. Athysanus indicus Distan.t, Fauna Br. India (Hemiptera), 4 : 344. 

1918. PJu'ynomorphus indicus (Distant) : Distant, Fauna Er. India (Hemiptel'aj)~ 

7:51. 

M aterial.-l ~, Moirang, 19. iii. 74, K. R. Rao; 1 0, Nongthang, 
21. iii. 75, M. Datta; 1 ~, Keibul, 24. iii. 75, K. R. Rao. 

Remarks.-Previously recorded from Bengal, Maharashtra and NEPAL. 

Rep0rted from Manipur for the first time. 

11. Thamnotettix cicur Melichar 

1903. Thamnotettix cicur 1\lelichar, Hom. Fauna Oeylon : 186. 

1908. Thamnotettix cicur Melichar: Distant, Fauna Br. India (Hemiptera), 4 : 355. 

Material.-1 ~, Singnat, 28. iii. 74, K. R. Rao. 

Remarks.-Previously known from SRI LANKA. R-ep6>!ted from 
Manipur for the first time. 

12. Nephotettix nigropictus (St~il) 

1870. Thamnotettix nigropicta Stal, 0iv. Vet. Ak, F(jrh : 740. 

1908. Ne'Photetti~ apicalis (Stal) : Distant, Fauna Er. India (Hemiptera), 4 : 360: 

1911. Nephotettix nigropictus (St~i1), Ghauri, Bull. ent. Res., 60 (3) : 491. 

1J;faterial.-2 00, 2 ~ ~,Churachandpur, Saikot, 23. iii. 74, K. R. 
Bao; 1 ~,Bunghman, 22. iii. 74', K. R. Rao; 6 if 0, 16 ~ ~, Moirang
Loktak Lake, 17. iii. 74, K. R. Rao ; 1 (S, 6 ~ ~, CJiuracnandpur, 24. 
iii. 74, K. R. Rao. 

Remarks.-Distributed all Qver India. It was colle~teq from Manipur 
by T. Clay in 1952. 

25 
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13. Scapboideus festivDs Matsumura 

1902. Scaphoideus festivus l\iatsumura, Termesz Fuzetek, 25 : 384. 
1908. Scaphoideus festivus l\iatsmnura: Distant, Fauna Er. India (Hemiptera), 

4: 372. 

Material.-l (j, Singnat, 26. iii. 74, K. R. Rao. 

Remarks.-Previously known from SRI LANKA and JAPAN. Recorded 
for the first time from Manipur. 
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SUMMARY 

of India, Calcutta and 
and Officer-in-Charge, 

facilities offered to carry 

A total number of 103 examples contained in fourteen species 
were studied from the collections made from southern part of Manipur. 
Eleven new records have been reported and one new species Tettigoniella 
intermedia has been described. Details of distributional records for 
each species have been provided. 
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ON SOME EARTHWORMS FROM 

WESTERN HIMALAYAS 
By 

T. D. SOOTA AND K. R. HALDER, 

Zoological Survey of India, Calcutta 

INTRODUCTION 

The paper includes a taxonomic account of a collection of earth
worms from the western Himalayas, mostly from moderate to high 
altitudes in the Himalayan range bordering western Uttar Pradesh, 
Himachal Pradesh and Jammu and Kashmir. Some materiai from 
Murree Hills in Pakistan is also included for the sake of zoogeographical 
continuity. The material studied contains 19 species included in 10 
genera and 3 families. Apart.from taxonomic information, the write-up 
also covers new structural variations and locality records. 

The present paper is a continuation of ear1i& studies part of which 
has already been published by the first author (Soota, 1970) in his paper 
on earthworms from Doon Valley. To avoid redundancy descriptive 
notes are restricted to observations not mentioned in the earlier report. 

SYSTEMATIC ACCOUNT 

Family MONILIGASTRIDAE 

Drawida japonica Michaelsen, 1892 

Material.-2 ex.; Z. S. I. Reg. An 829/1; locality-Dhobi ghat, 
Murree Hills in Pakistan; 14. ix. 1928 ; collector-H. S. Pruthi. 6 ex. ; 
z. S. 1. Reg. No. An 830/1 ; locality-Chakrata, Dehra Dun District; 
17. ix. 1962 ; collector-R. K. Bhatnagar. 

Remarks.-This species is recorded for the first time from Chakrata 
(Uttar Pradesh). 

Drawida oepalensis Michaelsen, 1907 

Material.-6 ex.; Z. S. I. Reg. No. An 831/1 ; locality-Neugal Nadi 
near Palampur (Himachal Pradesh) ; 6. vi. 1950 ; collector-Z. S. I. and 
Panjab University party. 

Rema1·lcs.-This species is recorded for the first time from Himachal 
Pradesh. 

Family MEGASCOLECIDAE 

Subfamily MEGASCOLECINAE 

Tribe MEGASCOLECINI 

Amyotbas diifriogeos (Baird, 1869) 

Material.-5 ex.; Z. S. I. Reg. No. An 832/1 ; locality-Harwan, 



196 Records oj the Zoological Survey oj 1 ncLifJ 

Kashmir; 25. vi. 1955 ; collector-K. K. Tiwari. 47 ex. ; Z. S. I. Reg. No. 
An 833/1; locality-Stat 8; 19. viii. 1964 and 17. ix. 1964. 253 ex. ; 
Z. S. I. Reg. No. An 834/1 ; locality-Lansdowne; 5. iii. 1965. One ex. ; 
Z. S. I. Reg. No. An 835/1 ; locality-Dal Lake near Nasim Bag 
(Kashmir) ; 21. viii. 1965 ; collector-T. D. Soota. One ex. ; Z. S. I. Reg. 
No. An 836/1; locality-Raj Bhavan compound, Nainital12. iv. 1971 ; 
collector-S. K. Bhattacharya. 2 ex.; Z. S. I. Reg. No. An 837/1 ; 
locality-Bajdol, Solan (Himachal Pradesh) ; 1. ix. 1969; collector-O. B. 
Okhotani and G. S. Arora. One ex. ; Z. S. I. Reg. No. An 838/1 ; locality 
-BAimtal, Kumaun ; 4. v. 1948 ; collector-Kumaun Hills Survey party. 
3 ex. ; Z. S. I. Reg. No. An 839/1 ; locality-Rajgarh (Himachal Pradesh) ; 
31.. xii. 1976. 4 ex.; Z. S. I. Reg. No. An 840/1; locality-Solan 
(Himachal Pradesh) ; 2. i. 1977 ; collector-T. D. Soota. 

Remark6.-The following morphological variations were noted in 
number and location of presetal ( Table I ) and postsetal genital markings 
(Table 2) in specimens from Stat 8 and Lansdowne. 

TABLE I.-Showing location of presetal genital markings. 

Segment on which genital markings pres en t 

OnVn 
Only on left side of VII 
Only on right side of VII 
On VIII 
Only on left side of VIII 
On IX 
Only on right side of IX 
Only on left side of X 

Only on right side of XI 
No markings 

No. of specimens 

9 

4 

3 

15 
1 

4 

1 

1 

1 

1 

Total number of specimens examined=20 

TABLE 2.-Showing location of postsetal genital markings 

Segment on which genital markings present 

On VI 
Only on right side of VI 
On VII 
Only on left side of VII 
Only on right side of VII 
On VIII 
Only on right side of VIII 
No markings 

No. of specimens 

1 

3 

7 
1 

1 

8 

1 

11 

Total number of specimens examined = 20 

Variations were also noted as follows : 
In a specimen from Lansdowne first dorsal pore in 13/14 ; spermathe-
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cal pore on right side in 7{8, in 8{9-10/11, on left side in 11/12 ; male 
pores on right side of XX and on left side of XXI ; intestine begins in 
XVIII; prostate only on left side of XXI. 

In another specimen also from Lansdowne, first dorsal pore in 13/14 ; 
spermathecal pores on 6/7-9/10; male pores on left side of XVIII and 
XIX, and on right side of XX ; prostates on left side in XVIlI and on 
right side in XX. 

In a specimen from Bajdol, Solan, spermathecal pores only on right 
side in 5/6-8/9. 

This species is recorded for the first time from Kashmir Valley. 

Amyntbas morrisi (Beddard, 1892) 

Material.- One ex. ; Z. S. I.. Reg. No. An 841/1; locality-Stat 6 ; 
25. ix. 1961. 2 ex. ; Z. S. I. Reg. No. An 842/1 ; locality-Stat 9; 18. iv. 
1962 ; collector-T. D. S oota. 

Metapbire alexandri ( Beddard, 1900 ) 

Material.-9 ex.; Z. S. I. Reg. No. An 843/1 ; locality-Stat 5 ; 11. 
X .1963. 8 ex.; Z. S. I. Reg. No. An 844/1 ; locality-Stat 8 ; 18. viii. 
1964. One ex.; Z. S. I. Reg. No. An 845/1; locality-Stat 7; 23. X. 

1964. 5 ex. ; Z. S. I. Reg. No. An 846/1; locality-Gujrara village, Dehra 
Dun District; 10. ix. 1965 ; collector-To D. Boota. 

Metaphire anomala (Michaelsen, 1907) 

.Llfaterial.--3 ex.; Z. S. I. Reg. No. An 847/1; locality-Dehra Dun; 
i930 ; collector-B. N. Ohopra. 24 ex.; Z. S. I. Reg. No. An 848/1 ; 
locality-Stat 5; 11. X .1963. 16 ex.; Z. S. I. Reg. No. An 849/1, 
locality-near Barkot Forest rest house; 26. vii. 1964. 20 ex; Z. S. I. 
Reg. No. An 850/1; locality-Forest Block, Mussoorie Forest range, 
Dehra Dun District; 30. vii. 1964. One ex.; Z. S. I. Reg. No. An 
851/1 ; locality-Stat 18; 26. viii. 1964. 160 ex. ; Z. S. I. Reg. No. An 
852/1 ; locality-Stat 4; 27. viii. 1964. 26 ex.; Z. S. I. Reg. No. An 
853/1 ; locality-Sta. 16 ; 24. X. 1964. 35 ex. ; Z. S. I. Reg. No. An 854/1 ; 
locality-Gujarara village, Dehra Dun District; 10. ix. 1965 ; collector-
T. D. Boota. 

Remarks.-The following morphological variations were observed in 
number and location of genital markings in the specimens from Barkot 
Forest rest house (Table 3a) and Stat 16 (Table 3b) as well as in number 
and location of spermathecal pores also in specimens from Stat 16 
(Table 4). 
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TABLE 3.-Showing location of genital markings 

(a) Barkot Forest rest house: 
Segment on which qenital marking present 

On XVII 
Only on right side of XVII 
Only on left side of XVII 
On XVIII 
On XIX 
On XXI 
On XXII 
Only on left side of XXII 
On XXIII 
On XXIV 
Only on left side of XXIV 
Only on right side of XXIV ... 
No markings 

No. of specimens 

4 

1 

1 
8 

8 

8 

7 
1 

6 

1 

1 

1 

3 

Total No. of specimens examined = 14 
(b) Sta. 16 : 

Segment on which genital markings present 

On XVII 
Only on left side of XVII 
On lyon right side of XVII 
On XVIII 

On XIX 
On XXI 
On XXII 
Only on left side of XXII 
Only on right side of XXII ... 
On XXIII 
Only on left side of XXIII ... 
Only on right side of XXIII 

No. of specimens 

3 
2 

1 
10 
10 

10 
5 

3 

1 

1 

1 

1 

Total No. of specimens examined = 23 

TABLE 4.-Showing number and location of spermathecal pores. 

Sta. 16: 

Number and location 

Single spermathecal pore on right side 

in 5/6 

Single spermathecal pore on left side 

in 5/6 

Single sperma thecal pore on left side 

in 6/7 
Single spermathecal pore on left side 

in 7/8 

~wo spermathecal pores on left side 

in 5/6 and 6/7 
No spermathecal pores 

No. of specimens' 

3 

1 

1 

1 

1 
19 

Total number of specimens examined = 26 
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Metaphire birmanica (Rosa, 1888) 

Material.-2 ex.; Z. S. I. Reg. No. An 855/1 ; locality-Timli, Dehra 
Dun District; 24. vii. 1956; collector-K. K. Tiwari. 2 ex. ; Z. S. I. Reg. 
No. An 856/1 ; locality-Sta. 1 ; 12. ix. 1964. 3 ex. ; Z. S. I. Reg. No. An 
857/1 ; locality-Sta. 18 ; 20. x. 1964. 3 ex. ; Z. S. 1. Reg. No. An 858/1; 
locality-Sta. 7; 23. x. 1964. 32 ex.; Z. S. 1. Reg. No. An 859/1 ; 
locality-Sta. 16 ; 24. x. 1964 ; collector-T. D. Boota. 

Remarks.-The following morphological variations were noted in 
three specimens, two from Sta. 16 and one from Sta. 7. In one 
specimen from Sta. 16, first dorsal pore in 14/15 ; spermathecal pores 
on right side in 5/6, in 6/7, and left sides in 7/8 and 8/9; clitellum from 
XV to XVII on left side and from XVI to XVIII on right side ; male 
pores on left side of XIX, on right side of XX and XXI ; female pores 
presetal, on XII and XIII; intestine begins in XVI; prostates from XVIII 
to XXI on left side and from XIX to XXII on right side. In the other 
specimen from the same Station, male pores on right side of XVIII and 
left side of XX; last hearts in XIII; intestine begins in XV ; prostates 
from XVII to XX on right side and from XIX to XXII on left side. In 
the specimen from ~ta. 7, first dorsal pore in 11/12; clitellum XIV
XV on right side and XIII-XIV on left side ; male pore on right side of 
XVIII only; spermathecal pores in 5/6 and 6/7, only on right side 
in 7/8. 

Metaphire houIleti (Perrier, 1872) 

M aterial:-2 ex.; Z. S. I. Reg. No. An 860/1; locality-Rajaji 
Sanctuary, Saharanpur District; 5. xi. 1962. 10 ex. ; Z. S. I. Reg. No. 
An 861/1 ; locality-Phanduwala, Dehra Dun District; 18. ii. 1963. 23 
ex., Z. S. I. Reg. No An 862/1; locality-Sta. 23 ; 21. xi. 1963. 11 ex. ; 
Z. S. I. Reg. No. An 863/1; locality-Rajaji Sanctuary; 21. x. 1963 
and 5. xii. 1963. 80 ex. ; Z. S. I. Reg. No. An 864/1; locality-Sta. 22; 
20. viii. 1964. 16 ex.; Z. S. I. Reg. No. An 865/1 ; locality-Sta. 5 ; 
10. ix. 1964. 50 ex.; Z. S. I. Reg. No. An 866/1 ; 10 cality-Sta. 11 ; 
18. ix. 1964. 4 ex. ; Z. S. I. Reg. No. An 867/1 ; locality-Sta. 7; 23. x .. 
1964. 5 ex.; Z. S. I. Reg. No. An 868/1; locality-Sta. 16; 24. x. 
1964. 35 ex.; Z. S. I. Reg. No. An 869/1 ; locality-Sta. 15; 19. ix. 
1964. 25 ex.; Z. S. I. Reg. No. An 870/1 ; locality-Gujrara village, 
Dehra Dun District; 10. ix. 1965 ; collector-T. D. Boota. 5 ex. ; Z. S. I. 
Reg. No. An 871/1; locality-Devak Nala, Udhampur (Jammu & 
Kashmir) ; 8. ix. 1964 ; collector-Raj Tilak. One ex. ; Z. S. 1. Reg. No. 
An 872/1 ; locality-Jeori, Mandi District ( Himachal Pradesh) ; 19. ix~ 
1969, collector-Of B. Okkotani ana G, S, Arora, 
~ , 
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Remarks.-The following morphological variations were observed in 
the specimens, of which five are from Rajaji Sanctuary, three from Stat 
15, one from Sta. 11 and one from Sta. 5. 

In those from Rajaji Sanctuary, one specimen shows spermathecal 
pores in 6/7, only on right sides in 7/8 and 8/9, and only on left side in 
9/10 ; male pores on left side of XVII and on right side of XVIII; last 
heart on right side 0nly in XIII; intestine begins in XIV. Se¢ond 
specimen shows male pores-one on left side of XVII and another on 
right side of XVIII. Third specimen shows spermathecal pores only on 
left side in 5/6, in 6/7-7/8, and only on right side in 8/9 ; male pores on 
XVIII and only on left side of XXV; female pores paired, presetal on 
XIII; intestinal caeca begins on right side in XXVI and on left side in 
XXVIII. Fourth specimen shows male pores only on right side of XVIII. 
Fifth specimen shows spermathecal pores only on left side in 6/7, in 
7/8 and 8/9. 

In those from Sta. 15, one of the specimens shows spermathecal pores 
only on right side in 6/7, in 7/8 and 8/9, and only on left side in 9/10; 
male pores only on right side of XVII and only on left side of XIX. 
Second specimen shows spermathecal pores only on left side in 6/7, in 
7/8 and 8/9. Third specimen shows spermathecal pores only on left side 
in 5/6, in 6/7 and 7/8, and only on right side in 8/9; male pores on 
XVIII, only on left sides of XIX and XXV. 

In the one from Sta. 11, spermathecal pores only on right side in 6/7, 
in 7/8 and 8/9, and only on left side in 9/10 ; male pores only on right 
side of XVIII and only on left side of XIX ; feinale pores paired, 
postsetal on XIII ; intestinal caeca begins on right side in XXVL and on 
left side in XXVII. 

In the one from Sta. 5, spermathecal pores only on left side in 6/7~ 
in 7/8 and 8/9, and only on right side in 9/10 ; male pores only on left 
side of XVIII and only on right side of XIX ; intestinal caeca begins on 
left side in XXVII and on right side in XXVIII. 

This species is recorded for the first time from Udhampur ( Jammu 
& Kashmir) and Mandi (Himachal Pradesh). 

Metaphire postbuma (Vaillant, 1868) 

Meterial.-6 ex.; Z. S. I. Reg. No. An 873/1; locality-Udhampur 
( Jammu & Kashmir); 6. xi. 1964', collector-Raj Tilak. 5 ex. ; Z. s. 1. 
Reg. No. An 874/1; locality-Tattapani, Mandi District ( Himachal' 
Pradesh); 18. ix. 1969. 2 ex. ; Z. S. I. Reg. No. A.n 875/1 ; locality
Jeori, Mandi District ( Himachal Pradesh )'; 19~ ~~ 1969'; collector-' 9: 
B ~ Okhotani an~ G. S. Arora. 
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Remarks.-The following morphological variations were noted in 
two specimens from Tattapani. In one (clitellate) of these specimens, 
dorsal pores from 13/14; spermathecal pores in posterior margins of 
VI-IX; clitellum XV -XVII; female pores in XV; male pores in 
XIX; genital papillae only on right side of XVIII, on XX, and only on 
left side of XXI. In the other specimen (aclitellate) genital papillae on 
XIX and XX. 

Morphological variations in the reproductive system of some pheretimoid8. 
Gates (1956, 1972) on the basis of structures of the reproductive 

system of earthworms recognised four morphs viz., A, R. Z and H. Of 
these, A, lacking spermathecae, R, male terminalia and Z, testes, 
reproduce by parthonogenesis, H, alone being the normal herma
phrodite. Additional morphs recognised by him are AR, lacking 
spermathecae and male terminalia, and ARZ, lacking spermathecae, male 
terminalia and testes. These morphs have also been accepted by 
Easton (1976). 

While examining some preserved specimens collected from different 
localities of western Himalayas, we came across some individuals 
showing some abnormal variations in the reproductive and other organs. 
Normal rel'roduction of the pheretimoids is generally hermaphroditic 
(H morph). However, some individuals of Metaphire anomala show the 
absence of spermathecae suggesting parthenogenetic reproduction 
(A morph). 

Tribe PERIONYCHINI 

Perionyx bainii Stephenson, 1915 

Material.-3 ex. ; Z. S. I. Reg. No. An 876/1; locality-Dharamsala 
(Himachal Pradesh) ; 31. vi. 1926 ; collector-So L. Hora. 

Remarks.-This species is recorded for the first time from Dharamsala 
(Himachal Pradesh). 

Perionyx excavatus.Perrier, 1872 

Material.-23 ex.; Z. S. I. Reg. No. An 877/1; locality-Neat 
Phanduwala Forest rest house, Dehra Dun District; 15. iii. 1962, 
collector-R. S. Pillai. 7 ex.; Z. S. I. Reg. No. An 878/1 ; locality
Rajaji Sanctuary, Saharanpur District; 7. viii. 1963, collector-T. D. 
Soota. 

Subfamily ACANTHODRILINAE 

Tribe OCTOCHAETINI 

Octochaetona beatrix (Beddard, 1902 ) 

Material.-31 ex. ; Z. S. I. Reg. No. An 879/1; locality-Sta. 18! viii. 
1964 ; collector-T. D. Soota, 

~6 
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Family LUMBRICIDAE 

Aporrectodea rosea (Savigny > 1826 ) 

Material.-One ex.; Z. S. I. Reg. No. An 880/1; locality-Baba 
Rishi, Tangmarg (Kashmir); 28. viii. 1955; collector-T. D. Soota. 
12 ex.; Z. S. I. Reg. No. An 881/1; locality-Baria village, Mandi 
District {Himachal Pradesh); 19. x. 1958. 5 ex.; Z. S. I. Reg. No. 
An 882/1 ; locality-Mussoorie ; 26. viii. 1962. 19 ex.; Z. S. I. Reg. No. 
An 883/1 ; locality-Lansdowne; 5. iii. 1965; collector-T. D. Soota. 
4 ex.; Z. S. I. Reg. No. An 884/1 ; locality-Chail (Himachal Pradesh); 
10. ix. 1969 ; collector-O. B. Ohhotani and G. S. Arora. 

Remarks.-This species is recorded for the first time from Mandi 
(Himachal Pradesh), Lansdowne and Mussoorie (Uttar Pradesh). 

Aporrectodea trapezoides (Duges, 1828) 

Material.-21 ex.; Z. S. I. Reg. No. An 885/1; locality-Chamba 
( Himachal Prade~h ) ; May, 1927 ; collector-D. Bagchi. 3 ex. ; Z. S. I. 
Reg. No. An 886/1 ; locality-Batboot Forest Nursery (Kashmir) ; 16. vi. 
1955. One ex. ; Z. S. I. Reg. No. An 887/1 ; locality-Harwan (Kashmir) ; 
25. vi. 1955. One ex.; Z. S. I. Reg. No. An 888/1 ; locality-Banihal 
(Kashmir); 17. vii. 1955 ; collector-K. K. Tiwari. 11 ex. ; Z. S. I. Reg. 
No. An 889/1; locality-Pahalgam (Kashmir) ; 22. viii. 1955 ; collector
T. D. Soota. 10 ex. ; Z. S. I. Reg. No. An 890/1; locality-Chakrata, 
Dehra Dun District; 17. ix. 1962, collector-R. K. Bhatnagar. One ex. ; 
Z. S. I. Reg. No. An 891/1 ; locality-Dal Lake (Kashmir); 21. viii. 1965. 
20 ex.; Z. S. I. Reg. No. An 892/1; locality-Anant Nag (Kashmir); 
4. ix. 1965. 6 ex.; Z. S. I. Reg. No. An 893/1; locality-Mussoorie; 
2. x. 1965; collector-T. D. Soota. 5 ex.; Z. S. I. Reg. No. An 894/1 ; 
locality-Kaligar Forest, Ranikhet (Uttar Pradesh); 22. iv. 1971; 
collector-S. K. Bhattacharya. 

RemarTes.-This species is recorded for the first time from Mussoorie, 
Chakrata and Ranikhet ( Uttar Pradesh ). 

Bimastos parvus (Eisen, 1874) 

Material.-6 ex.; Z. S. I. Reg. No. An 895/1; locality-Chamba 
(Himachal Pradesh); May, 1927; collector-D. Bagchi. One ex. ; Z. S. I. 
Reg. No. An 896/1 ; locality-Stat 5 ; 21. ii. 1963 ; collector-T. D. Soota. 
2 ex.; Z. S. I. Reg. No. An 897/1; locality-Balli Nala, Udhampur 
(Jammu & Kashmir); 11. ix. 1964 ; collector-Raj TilaTe. One ex. ; 
Z. S. I. Reg. No. An 898/1; locality-Kufri near Simla (Himachal. 
Pradesh) ; 12. ix. 1969 ? collector-O. B. Ohkotani and G. S. Arora. 
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Remarlcs.-This species is recorded for the first time from Chamba 
(Himachal Pradesh). 

Dendrodrilus rubidus (Savigny, 1826) 

Material.-26 ex. ; Z. S. I. Reg. No. An 899/1; locality-Shit Garhi, 
Sonemarg (Kashmir); 30. vii. 1955; collector-T. D. Soota. 3 ex. ; 
Z. S. I. Reg. No. An 900/1; locality-Uttarkashi (Uttar Pradesh) ; 
14. vii. 1974 ; collector-H. O. Ghosh. 

Remarlcs.-This species is recorded for the first time from Uttarkashi 
(Uttar Pradesh) and Kashmir Valley. 

Eisenia foetida (Savigny, 1826) 

Material.-27 ex.; Z. S. I. Reg. No. An 901/1; locality-Dharamsala 
(Himachal Pradesh); 3. vi. 1926; collector-B. L. Hora. 4 ex. ; Z. S. I. 
Reg. No. An 902/1 ; locality-Solan (Himachal Pradesh); 12-13. vii. 
1968; collector-O. B. Ohhotani. 3 ex.; Z. S. I. Reg. No. An 903/1 ; 
locality-Kufri near Simla (Himachal Pradesh) ; 12. ix. 1969 ; collector
O. B. Ohhotani and G. S. Arora. 9 ex.; Z. S. I. Reg. No. An 904/1 ; 
locality-Rajgarh (Himachal Pradesh); 31. xii. 1976. 9 ex.; Z. S. I. 
Reg. No. An 905/1; locality-Solan (Himachal Pradesh) ; 2. i. 1977 ; 
collector-T. D. Soota. 

Remarlcs.-This species is recorded for the first time from Dharamsala 
(Himachal Pradesh). 

OctolasioD cyaneum (Savigny, 1826) 

Material.-One ex.; Z. S. I. Reg. No. An 906/1; locality-Kotta 
(Himachal Pradesh) ; 17. vi. 1950 ; collector-Z. S. I. and Punjab Univer
sity party. 2 ex. ; Z. S. I. Reg. No. An 907/1 ; locality-Manali (Himachal 
Pradesh) ; 18. x. 1958 ; collector-T. D. Boota. 12 ex. ; Z. S. I. Reg. No. 
An 908/1; locality-Happy Valley, Mussoorie ; 27. vii. 1962, collector
T. IY. Boota. 8 ex.; Z. S. I. Reg. No. An 909/1 ; locality- Kufri near 
Siml~ (Himachal Pradesh) ; 12. ix. 1969 ; collector-O. B. Ohhotani and 
G. S. Arora. 

Remarlcs.-This species is recorded for the first time from Manali 
(Himachal Pradesh) and Mussoorie (Uttar Pradesh). 

OctolasioD tyrtaeom (Savigny, 1826) 

Material.-One ex.; Z. S. I. Reg. No. An 910/1; locality-Murree 
Hills in Pakistan; 16. ix. 1928; collector-H. S. Pruthi. 2 ex. ; Z. s. I. 
Reg. No. An 911/1 ; locality-Harwan (Kashmir); 25. vi. 1955, collector 

. t 

-K. K. Tiwari. One ex.; Z. S. I. Reg. No. An 912/1 ; locality-Happy 
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Valley, Mussoorie ; 26. viii. 1962. One ex. ; Z. S. I. Reg. No. An 913/1 ; 
locality-Sta. 5 ; 19. viii. 1963. One ex. ; Z. S. I. Reg. No. An 914/1; 
locality-Sta. 12; 5. iii. 1965. 3 ex.; Z. S. I. Reg. No. An 915/1; 
locality-Achabal (Kashmir); 1. ix. 1965. 5 ex. ; Z. S. 1. Reg. No. An 
916/1 ; locality-Mussoorie ; 20. x. 1965 ; collector-T. D. Soota. 3 ex. ; 
Z. S. I. Reg. No. An 917/1; locality-Chail (Himachal Pradesh) ; 10. ix. 
1969. 7 ex.; Z. S. I. Reg. No. An 918/1; locality-Kufri near Simla 
(Himachal Pradesh) ; 12. ix. 1969; collector-O. B. Ohhotani and G. B. 
Arora; 15 ex. ; Z. S. I. Reg. No. An 919/1; locality-Chakrata; 17. ix. 
1962 ; collector-R. K. Bhatnagar. One ex. ; Z. S. 1. Reg. No. An 920/1 ; 
locality-Nainital ; 10. iv. 1971 ; collector-B. K. Bhattacharya. 

Remarks.-This species is recorded for the first time from Doon 
Valley, Chakrata and Nainital (Uttar Pradesh). 
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SUMMARY 

The present paper deals largely with the earthworms collected from 
Mus soorie , Chakrata, Lansdowne, Dharamsala, Solan as well as some 
areas in Jammu & Kashmir and Doon Valley. Three examples from 
Murree Hills in Pakistan, present in the unnamed collections of the 
Zoological Survey of India have also been included in the present study 
as they come from the same zoogeographical range. Nineteen species 
belonging to 10 genera and 3 families have been discussed. Locality 
details are given only in respect of species not discussed in the earlier 
paper (Soota, 1970). 
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INTRODUCTION 

The status of rhesus monkey ( M acaca mulatta Zimmerman 1780) 
populations is better known than that of most other primates as a result 
of surveys undertaken in north India at periodic intervals since 1959 
(Southwick et al., 1961a, b; Southwick and Siddiqi, 1966, 1968; 
Southwick et al., 1964 ; Mukherjee and Mukherjee, 1972 ). These surveys 
sampled rhesus monkey populations in various habitats; however, figures 
for forest-dwelling groups were based on survey of an area of only appro
ximately 26 kms. We present here the results of more extensive surveys 
conducted during 1964 and 1965 in forested areas of the north Indian 
states of Uttar Pradesh, Punjab, and Himachal Pradesh. Although it is 
expected that the numbers of monkeys in the sampled areas have 
changed in the years since our study was made, our results represent 
an important baseline for comparison with other surveys-especially the 
nation wide survey India is now undertaking. 

The forests of present-day India represent a small but significant 
percentage of the total rhesus monkey habitat, and for many years the 
monkeys in these areas were relatively inaccessible to trapping for biome
dical use. Forest groups have been a major source of rhesus monkeys 
for only the last 5 to 7 years (Southwick, personal communication). 

Because there have been extensive surveys of rhesus monkeys living 
in rural and urban areas, the major goal of our work was to assess the 
abundance of those in forest areas. Of the more than 9,400 km surveyed, 
1582 were along forest roads in portions of the Himalayan foothills. 

1. This research was supported by National Institutes of Health Grant FR-00169 
to the California Primate Research Ce:Q.ter

1 D~vis~ California 95696, U. S. A. 
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We include data on surveys conducted in non-forest regions-areas 
designated below as rural and urban-to draw comparisons between our 
findings and those reported by Southwick and his colleagues for inde
pendent surveys they carried out in Uttar Pradesh during approximately 
the same period of time. 

METHODS 

Our survey took place between October, 1964 and June, 1965. 
Methods for locating groups in forest and rural habitats were basically 
the same as those used by Southwick et al., (1961b) in their survey of 
transportation routes, i. e., travel over passable roadways in a vehicle 
from which the authors scanned adjacent areas. Travel was at slow 
speeds, rarely exceeding 30 km per hour. We regularly surveyed 
throughout the day, including portions of the interval from 1100 to 1500 
hours, regarded by Southwick and colleagues as potentially less pro
ductive in locating groups. In urban areas, we confined our attention to 
those groups encountered in traveling through the towns and cities along 
our roadside survey routes. In determining incidence of groups per km 
of travel, we have excluded urban groups and urban travel from the 
data. 

As each group was sighted it was counted, and, only then, efforts 
were made to entice it with peanuts into open areas where counting was 
easier. (The one exception was in towns and cities where feeding tended 
to attract large numbers of curious humans.) Where observation condi
tions permitted, composition data were obtained using the age and sex 
categories defined by Southwick et al., (1961a). In addition we noted 
general activity of groups at time of sighting, evidence of mating, 
impressions of health, and such habitat features as elevation, topography, 
type of vegetation, water source, human habitations, and associated 
fauna. 

Our classification of rhesus monkey habitats into forest, rural, and 
urban differs substantially from the categories used by Southwick et al., 
(1961a, 1961b). The authors have commented on the arbitrary nature 
of certain habitat designations. For example, groups found .near villages 
which are located along roadsides could be placed in either a roadside or 
village category. They resolved this problem "by determining which 
locale represented the usual and most frequent habitation of the groups" 
(1961b, p. 701). We found that such determinations were often difficult 
to make on the basis of the limited amount of time it was possible to 
spend with each group. Furthermore, it is our contention that the mo~t 
important habitat distinctions are those reflecting the amoqnt of each 
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group's contact with the human populace. From this standpoint, forest 
areas constitute a fairly homogeneous portion of the total range of 
habitats. Non-forest groups were divided into urban and rural, the 
distinguishing factor being presumed access of groups designated as 
urban to prominent bazaar areas. Usually, groups frequenting bazaars, 
whether located in cities, villages, or temples, move freely through dense 
concentrations of humans and are least dependent on natural foods and 
foraging for subsistence. Our rural category includes groups interme
diate between forest and urban in amount of human contact. While 
frequenting roadside trees and adjacent fields certain of these groups 
regularly visited small mud villages, or tea shops at rural crossroads. 

For purposes of data analysis, we assigned group counts to one of 
three categories: "complete"," incomplete", or "no count attempted." 
Groups which fled at contact or ,vhich were seen on the rooftops of a 
distant village are examples of circumstances under whieh it was impossi
ble to obtain a count. For the remainder, case of observation was the 
primary criterion for judging completeness of counts. For example, 
groups seen in nearby open fields or groups which responded to feeding 
were obviously much easier to count than those which remained partially 
concealed in tall grass -or roadside trees. In a few instances group 
composition was used as an additional indication of completeness of 
counts, as, for example, a tally shoWing substantially more infants than 
adult females was considered incomplete. 

Most of our survey in forest areas coincided with the beginning 
the 1965 birth season and, as a result, we sighted nearly one hundred 
newborn infants. Because other habitat types were not surveyed at 
this time of year, newborn infants have been excluded from the totals. 

RESULTS 

Groups in rural habitats were much more easily counted that those 
in forests or urban areas. Counts of 48. 4% of the groups sighted in 

TABLE 1. Rhesus monkey groups encountered in various habitats under both survey 

a.nd non-survey conditions. 

Number of Groups 

Complete Partial No count 

Ha.bitat counts counts attempted Total Per cent 

Forest 32 48 61 141 28.1 

Rural 119 78 49 246 49.1 

Urban 18 23 73 114 22.8 

Total 169 149 183 501 100.0 

27 
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rural habitats were judged complete, compared to 22. 60
/ 0 for forest, and 

15.80/0 for urban habitats (table 1). These figures reflect in a general 
way differences in shyness of groups and differences in habitat features 
which obstructed our view. That rural groups were least shy is further 
supported by the fact that 54010 of feeding attempts in this habitat were 
successful, compared to only 11 % for forest groups. Despite their 
greater shyness, on several occassions forest groups could be counted as 
we came upon them resting in the open or drinking at a stream. 

Validity of the distinction between complete and partial group counts 
was assessed by computing separate means for group size in each habitat 
category. The discrepancy is greatest for forest and urban habitats, 
where partially counted groups are smaller by an average of 10.4 and 8.8 
individuals per group respectively. The distinction seems least valid for 
rural habitats, where the difference was only 0.6 individuals per group. 

Incidence of groups: The total number of groups sighted in all 
habitats and under both survey and non-survey conditions is given in 
table 1. Incidence of groups is determined, however, by using only 
those sighted under survey conditions (242 groups in rural habitats, and 
134 in forests). Ou;r systematic survey covered a total of 9,510 original 
km (km which were not resurveyed) 16. 6% of which were in forest areas 
(table 2). Groups were thus located at a rate of one for each 11.6 km 

TABLE 2. Incidence of gr.oups of rhesus monkeys in forest and rural surveys in 
Uttar Pradesh, Punjab, and Himachal Pradesh. 

Forest Roads Rural Roads 

km Groups· km km Groups * km 
State travelled seen per group travelled seen per group 

Uttar Pradesh 1,454 125 11.6 5,509 218 25.3 
Punja.b 16 0 1,882 21 89.6 
Himachal Pradesh 113 9 12.5 539 3 179.7 

1,583 134 11.8 7,930 242 32.8 

• Does not equal totals in Table 1, since a few groups were sighted on non-survey 
occasions. 

of forest road, compared with one for each 32·8 km of rural travel (P 
0.025, Xi). A breakdown of survey routes by state reveals that there wer~ 
fewer rhesus groups in rural habitats in Punjab and Himachal Pradesh 
than in Uttar Pradesh (table 2). The incidence in forest areas for these 
two 'states approaches that for Uttar Pradesh, but is based on only lZ9 
km of forest travel. . ' 
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Although sampling urban groups was incidental to forest and rural 
surveys, it is interesting that only 16 urban groups were seen in all ·of 
Punjab, three in the hill city of Simla, and the remainder within a radius 

-X 
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Group Size (S. D. 10.96) 
• 

Text-fig.!. Group size of rhesus monkey groups living in rural habitats in India. 

of 100 km from New Delhi. Apart from the groups in this region of 
Punjab, and an occasional group in the Himalayan foothills, it would 
appear that there are few if any rhesus monkeys in most areas of the 
state of Punjab. 
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Group size: In pair-wise comparisons differences in mean size of 
groups for our three habitats (table 3) were insignificant (Chi square test). 
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Text-fig. 2. Number of groups and group size in forest habitats. 

TABLE 3. Average group size and composition for rhesus monkeys in forest, ruml 

and urban habitats. 

Adults Immatures 

l\Iean 

Habitat N Size l\Iales Females Juveniles Infants 

Forest 32 28.2±3.01 3.6±0.39 10.7±1.26 7.7±0.1 6.2±O.62 
Rural 119 16.4±1.0 3.4±0.18 6.5:1:0.4 1.6±0.34 4.8:-1:0.29 
Urban 18 25.6±2.99 3.9±0.48 9.7±1.12 4.2±0.87 7.7±0.91 

While forest-dwelling groups were larger, on the average, than groups 
in other habitats, they were smaller by nearly 50% than has been repor, .. 
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Text-fig. 3. Number of groups and group sizes in urban habitats. 
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ted previously (Southwick, Beg and Siddiqi. 1961b). The ranges in group 
sizes for rural, forest, and urban habitats are shown in figures 1, 2, 
and 3. 

Group compositio'lf,: The number of adult males per group was fairly 
similar in all three habitat types despite differences in mean group size 
(table 3). All remaining age and sex categories averaged fewer individuals 
in rural than in forest or urban groups, however. The greatest difference 
was in number of juveniles, with forest groups averaging 7.7, while rural 
groups had only 1.6 juveniles per group. Urban groups had intermediate 
values for females and juveniles, but had the highest incidence of infants. 
It is possible that the relatively low number of infants in forest groups 
was due in part to errors in classification of immatures as discussed 
below. 

Habitat usage: In forest areas we found a higher percentage of 
groups in relatively pure Shore a robusta (sal) forests than in any other 
type of vegetation (table 4), These findings reflect to some extent the 

TABLE Per cent of group sightings in different types of forest vegetation. 

Type of forest 

Predominantly Shorea robusta 
Less pure Shorea robusta, plus mixed deciduous 

l\Hxed deciduous, with very little Shorea robusta 
Predominantly Dalbergia sissoo 
Other (e. g. pine,~deodar) 

Per cent 

31.2 

23.4 

23.4 

15.6 

6.4 

100.0 

prevalence of different types of vegetation in northern India. In the 
Dehra Dun Forest Division of Uttar Pradesh, for example, 79% of the 
forest is classified as sal (Nath, 1963). In a study of forest groups near 
Dehra Dun, Lindburg (1971, 1976) found that sal was utilized as food by 
rhesus monkeys more than any other single species, but that food prefer
ences varied greatly on a seasonal basis. Additional confirmation of 
this point is found in our observations of groups concentrated in 
sheesham (Dalbergia sissoo) forest in Corbett Park during in the winter 
season, whereas Southwick's survey of the same area in the dry season 
indicated a preference for mixed deciduous forest (Southwick 1961b). 
The type of vegetation in which a group is seen in a brief encounter may 
not be preferred by that group on a year round basis. 

For rural groups located along roadsides, although several species 
were often present at each sighting, the mango tree (Mangifera indica) 

occurred in 69% of the locations for which we collected this kind of 
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information (N = 204). The prevalence of other tree species at group 
locations (table 5) probably reflects incidence of tree types along road
sides more than preferences by the monkeys. 

TABLE 5. Prevalence of different species of trees in roadside habitats of rhesus 

monkeys. 

Species 

Mangiferica indica Linn. 
Azadirachta indica A. Juss. 
Dalbergia sissoo Roxb. 
Ficus 'feligtosa Linn. 
Ficus bengalen,sis Linn. 
Syzygium cumini (L.) Skeels. 

Vernacular 

mango 
neem 
sheesham 
pipal 
banyan 
jamun 

DISCUSSION 

Per cent 
of sightings 

69.1 

29.9 

26.9 
19.6 

14.2 

11.3 

In comparing results of our surveys with those of Southwick and his 
colleagues, we have used data from their 1964-1965 survey of rural and 
urban habitats (Southwick and Siddiqi, 1966, 1968). The only data for 
forest groups available for comparison are from their 1961 report. 
Comparisons are based on their forest, roadside, and town habitats, which 
we believe are the nearest equivalents to our three habitat categories. As 
a matter of convenience we shall hereafter refer to these earlier reports 
as the Southwick surveys. 

Incidence of groups: Our results indicate an incidence of one group 
for each 32.8 km (20.3 mi) of rural survey, compared to one each 25;1 
km (15.6) in Southwick's report. However, it should be noted that our 
effort included nearly 2,500 km of travel in Punjab and Himachal 
Pradesh, for which the incidence of groups per km was very low 
(table 2). When we limit the comparison to Uttar Pradesh, the incidence 
from our survey is one group each 25.3 km (15.7 mi) of travel, indicating 
remarkable close agreement with Southwick's findings. 

Our survey of forest roads yielded an incidence of one group each 
11.6 km of travel, which is more than twice as frequent as in rural areas 
of Uttar Pradesh. Southwick, and Siddiqi (1966) have questioned the
reliability of roadside survey in detecting forest groups, noting that they 
are not attracted to roadsides for food or sleeping trees as are groups 
living in rural areas. While we are in essential agreement with this 
observation, we believe forest roads may be attractive as open areas for 
sunning and grooming at certain times of day. Sightings in other 
instances were undoubtedly fortuitous. In any case, the results suggest 
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that an incidence of 0.7 groups per square mile of forest, as reported by 
Southwick, et ale (1961b), may be a conservative figure. 

Group size and composition: The number of groups in each habitat 
category for which comparisons are made are indicated in table 6. For 
all age/sex categories in groups from rural areas, Southwick's figures are 
slightly lower than ours, resulting in a difference in mean size of 3.7 
individuals per group. There is very close agreement on the incidence 
,of juveniles per group. The overall difference in results for the two 
surveys could easily be a consequence of somewhat different classification 
-of habitats. Our larger mean size is most likely a result of including in 
our data certain village groups which Southwick treated separately, and 
for which he reported a mean size of 24.4. 

For urban habitats, although our sample is samaller,- there is good 
agreement in results of the two surveys. The greatest difference is in 
approximately three more juveniles per group in Southwick's survey. 
Both surveys indicate a higher incidence of juveniles than was found in 
rural areas, but lower than that for forest groups. 

The greatest discrepancy in results is for forest groups. We found 
the mean size of forest groups to be larger than in either rural or urban 
habitats, but only 28.2 individuals per group, compared to a mean of 
49.8 reported by Southwick. This is the only habitat for which the 
difference in results from the two studies is statistically significant 
(p 0.025, Chi square). Average numbers of individuals in all age/sex 
categories were higher in Southwick' s sUIV~y, with the greatest difference 
being in numbers of adult females. These differences are not surprising, 
given the difference in sample size. (See table 6.) 

Population composition: Although we found forest groups to be 
significantly smaller than Southwick has reported, there is remarkably 
close agreement between surveys in percent of individuals in the 
different age/sex categories (table 7). The composition of the rural 
population shows good agreement as well. In both surveys, percentages 
of adult males and infants in the three habitats were lowest for forest 
groups, whereas the forest population had the highest percentage of 
juveniles. We found the percentage of adult females to be nearly 
identical in all three habitats. 

With respect to juveniles, the differences are undoubtedly a con
sequence of the amount of trapping for export which occurred in each 
habitat. The reasons for the low number of infants relative to number 
of sexually mature females in forests are not obvious. Given the 
generally better health and less frequent human contact for forest 
JIlonkeys, we would expect conditions in thi~ habitat to be the most 



Habitat A 

Forest 32 

Rural 119 

Urban 18 

I 

TABLE 6. Average group compositions compared with compositions for equivalent habitats in Southwick's 

survey. Column A=this survey; column B=Southwick survey. 

:i\fEAN 

GROUP ADULT l\fALES ADULT FEl\fALES JUVENILES INFANTS 
N SIZE 

I 
B A B A B A B A B A 

--

I 5 28.2 49.8 3.6±0.39 5.6±0.7 107±1.26 19.2±1.7 7.7±0.1 13.6±2.9 6.2±0.62 

1
118 16.4 12.7 3.4±0.18 2.5±0.13 6.5±0.4 5.2±0,29 1.7±0.34 1.5±0.32 4.8±0.29 

41 25.5 27.3 3.9±0.48 4.0±0.3 I 9.7±1.12 I 9.1±0.7 4.2±0.87 7.1±0.8 7.7±0.91 

TABLE 7. Population composition compared with c~mposition in equivalent habitats from Southwick's 
survey. Column A = this survey; column B=Southwick survey. 

Adult Adult 

males females Juveniles 

Habitat A B A B A 

I 
B 

-- -- -- -

Forest 12.7 11.2 38.1 38.6 27.3 27.3 

Rural 21.0 19.6 39.8 41.0 10.0 11.5 

Urban 15.4 14.5 38.1 33.3 16.5 26.2 

I Ad. 
lnale/ 

Infants Adults 

--
A B A B 

----
21.9 22.9 24.9 22.6 

29.2 /27.9 34.5 32.3 

300 1 26.0 28.9 30.2 
f 

11 llmatures/ Infants 

total Ad. females 

A I B A B 

49. 3 50.2 57.7 59.4 

39. 

45. 

2 39.4 73.4 68.0 

7 52.1 78.9 78.0 

B 

11.4±0.7 

3.5±0.24 

7.1±0.6 
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favourable for reproduction. It seems likely, therefore, that the low 
incidence of infants is a result of errors in classification. Forest surveys 
in both studies were conducted primarily in the dry season when infants 
of the previous birth season were approaching yearling size, possibly 
resulting in a number of them being erroneously counted as juveniles. 
It is also possible that, with a larger juvenile population in forests, 
classification of a number of larger juveniles as sexually mature females 
was a second source of error. 

Abundance oj forest population: In their 1960 survey of forest 
habitats in Uttar Pradesh, Southwick et al. {1961b) estimated an inci
dence of 0.7 groups in each square mile of forest. This figure was 
based on their success in detecting groups during foot travel through 
blocks of forest one square mile in size. By pausing frequently to 
listen for vocalizations or sounds of movement, they estimated that 
in the dry season animals the size of rhesus monkeys "could be heard 
for a distance of approximately 200 yards" (p. 700). For vehicular 
survey over forest roads we estimated a maximum detection range of 
50 metres on either side. On this basis, conversion of linear distance 
to area equivalents (Southwick and Cadigan, 1972) yields an incidence 
of 0.91 groups/km2. Following the formula of Southwick et aZ. (1961b), 
and using the revised mean for group size from our surveys, we obtain 
an estimate of 200,000 rhesus monkeys in the forests of Uttar Pradesh 
for 1964-65. This figure compares with 100,000 estimated by Southwick 
et al. (1961b) for 1959-60. It is unlikely that forest population were 
experiencing a rate of growth which would account for an increase of 
this magnitude in only five years, particularly in view of the documented 
decline of the population in other habitats (Southwick and Siddiqi, 
1966, 1968). It is more likely that abundance in 1959-60 was under
estimated. 

If incidence and size of groups in Himachal Pradesh, with 12,517 
kms of forest (Government of India 1968), are the same as in Uttar 
Pradesh, as our limited sample indicates, then the total forest population 
for that state would fall between 60,000 and 70,000 monkeys. This 
figure is probably too high, however, since 660

/ 0 of the forest in 
Himachal Pradesh is coniferous, compared to 27% for Uttar Pradesh 
(Government of India, 1968), and a very few groups in our total forest 
sample were found in coniferous forests (Table 4). 

We have no census data for the approximately 18,000 km 2 of forest 
in Punjab, but were repeatedly informed by people in the country-side 
that rhesus monkeys survived in this state only in the foothill forests. 
Given their geographical proximity to broadly similar forests in Him
achal Pradesh and the foothills of Uttar Pradesh, and a percentage of 

~8 
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non-coniferous vegetation identical to that of of the latter state, it 
is possible that another 60,000 rhesus monkeys resided in the forests 
of Punjab. 
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SUMMARY 

A survey of forest-dwelling groups of rhesus monkeys was under
taken during 1964 and 1965 in the north Indian states of Uttar Pradesh, 
Punjab, and Himachal Pradesh. A total of 9,510 km were surveyed, 
16.60/0 of which were in forest areas. Forest survey revealed an inci
dence of one group each 11.6 linear kilometer of travel, and a mean 
size of 28.2 individuals. Comparisons are made here between groups 
of rhesus living in three habitats: forest, rural, and urban-categories 
reflecting amounts of contact with humans. Urban groups had access 
to prominent bazaar areas. 

We observed a higher frequency of groups living in forests but a 
significantly lower mean group size than reported by a earlier surveys. 
Our results from non-forest areas were in close agreement with the 
results of others surveys made at the same time. Fewer rhesus groups 
lived in rural habitats in Punjab and Himachal Pradesh than in Uttar 
Pradesh. The incidence in forest areas for these two states approaches 
that for Uttar Pradesh. It appears there were far fewer rhesus monkeys 
in Punjab state than .in any other state surveyed. 
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INTRODUCTION 

Oscinella fusidentata Cheriari is a very common chloropid seen on 
Oynadon dactylon Linn. It enjoys a wide distribution in India. Though 
it is very common nothing is known of its life history so far. An attempt 
is made here to study its biology besides adding some ecological notes. 

This species is fairly common in Agra during February-May and 
July-November. For studying the life history grass infested by the 
larvae were uprooted from field and planted in glass tubes inside glass 
jars. The adults which emerged were separated into pairs. Each pair 
was released into an inverted glass (25 cm. X 20 em.). In this glass cotton 
wool soaked in sugar solution, changed every day, provided food and 
O. dactylon, potted in glass tubes (7.5 cm. X 2.5 cm.) served as sites for 
sitting and egg laying. The grass was examined for eggs at regular 
'intervals and those on which eggs were found were replaced by fresh 
potted plants. The former were transferred to the constant temperature 
room where required temperature and high humidity were maintained. 

HABITAT AND HABIT 

O. fusidentata can easily be collected from the fields by sweeping the 
grasses with an insect net. The adult is positively heliotropic. When 
kept in a breeding jar it moves from the dark to the light side of the jar, 
regardless of the light being whether natural or artificial. This habit 
makes handling them in the laboratory easy. The same habit is des
cribed by Hall (1932) in Hippelates pusio Loew. The flies, when kept 
in a jar provided with food and plants, were found to select the highest 
places along the wall of the jar for resting, facing the rays of the light. 

The adult males (Text-fig. 1 A) are slightly active and have restricted 
flight movements whereas the females (Text-fig. IB) are not so active. 
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They are found resting under the shade on leaves in the morning, flying 
about during day time and resting after sunset. 

L 
0-3 mm. 

f 0 • • 3mm. 

Text-ng. 1-0s~neZlaf'Usidentata, A-~; B- ~. 

Distribution of the fly in India 

The range of distribution of the fly in India, based on the present 
investigation, is given in Table 1 from which it is evident that the fly 
is available in the plains almost all round the year. They were caught. 
from places like QuUon (25 metres) and Moirang (1,000 metres). 
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TABLE I.-The distribution of O. fusidentata in India. 

Locality State Occurrence 

Agra (U. P.) February-1\fay and July to middle 
of November 

Aligarh (U. P.) July, August 
Band Baretha (Rajasthan) September 
Ban galore (Karnataka) January 
Bharatpur (Rajasthan) November 
Coimbatore (Tamil Nadu) December 
Delhi (Delhi) August, September 
Garampani (Assam) 1\iay 
Gorakhpur (U. P.) October 
Gwalior (1\1:. P.) February 
Haflong (Assam) April 
Kanpur (U. P.) August, Septembpr 
Kohima (Naga Land) 1\fay 
Kottamkara (Kerala) January 
Ludhiana (Punjab) }\fay 
~iathura (U. P.) April, 1\fa y 
~nmj (Karnataka) January 
~Ioirang (1\ianipur) 1\Iay 
Quilon (KeraIa) June 
Sirsi (Karna taka) January 
Thumpamon (Kerala) December, January & 1\Iay-July 
Thimvalla (Kerala) June, July 
Trichur (Kerala) June 
Trivandrum (RemIa) July 

For observing copulation the flies were separated into pairs immedia
tely after emergence. The mating takes place within two to six days 
after emergence. In one instance (Table 2 ; pair E) it was observed only 
on the ninth day after emergence. They copulate between 0900 and 
1800 hrs. There is no instance of copulation occurring at night. Instances 
of copulation a second time were also noticed as in the case of pair H. 
Nishijima (1960) reported the occurrence of copulation in Meromyza 
satatrix (L.) "within two days after emergence". Parker (1918) in 
Ohloropisca glabra Meigen could observe mating only several weeks after 
emergence. Hall (1932) in Hippelates pusio Loew is silent on this 
aspect. 

The male of a pair kept in jar is not attracted to the female on the 
first day after emergence. Just before copulation the female remains at 
one place, vibrating its wings. The male comes closer and moves around, 
then mounts the female and holds the latter near the base of the 
wings by the fore legs. The second pair of leg~ are used in holding 
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the female's abdomen while the hind pair remains on the substratum 
or on the leaf. The male bends its abdomen downwards, forming 
approximately an angle of 90°, and the genitalia are extended into the 
female genital chamber. The abdomen of the female is slightly raised 
apically due to the insertion of the male copulatory organs. All these 
show that the mating is quite similar to that of other Acalypterate flies. 
The copulation goes on, if undisturbed, and the maximum time of 
copulation noticed in O. fusidentata is 2 hours 10 minutes (Table 2 ; 
pair J). 

TABLE 2.-The emergence and the duration of copulation in 10 pairs of O. juridentata' 
under normal laboratory conditions (20-30° C and 30-36% R, H.) in l\farch, 1968. 

Date of Copulation Duration 

Pair emergence Date Time of 

in l\larch l\farch From To copulation 

1968 1968 hrs. hrs. 

A 17 21 0920 1010 50 mts. 
B 15 19 1600 1707 1 hr. 7 mts. 
C 15 18 1530 1700 1 hr. 30 mts. 
D 16 18 1100 1235 1 hr. 35 mts. 
E 16 25 1400 1510 1 hr. 10 mts. 
F 17 19 1030 1155 1 hr. 25 mts. 
G 15 19 1125 1300 1 hr. 35 mts. 
H 17 19 1500 1645 1 hr. 45 mts. 

21 1100 1205 1 hr. 5 mts. 
I 15 19 1100 1250 1 hr. 50 mts. 
J 16 19 1400 1610 2 hrs. 10 mts. 

and the minimum 50 minutes (pair A). Nishijima (1960) in M. saltatriz 
(L.) observed it lasting from four to forty seven minutes only. After a 
successful mating the two separate, the female remains on the spot for 
some time while the male flies away. 

Pre-oviposition 

The female rests for a few days after copulation before starting to 
oviposit. During this time it feeds on honey and sugar solution and 
flies around in the jar. In O. fusidentata the pre-oviposition period 
varies from two to five days under normal laboratory conditions (Table 
4). In M. saltatrix also Nishijima (1960) noticed the pre-oviposition 
period lasting for two to three days. 

Oviposition 

As the time for oviposition comes nearer the fly becomes restless and. 
starts flying vigorously within the cage surveying the suitable site fOf-
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egg-laying. Mostly the eggs are laid on the inside of the sheathing leaf 
at the base of the main stem. The fly takes about twenty to forty seconds 
to lay an egg, then it moves about, comes again after two minutes or 
more to lay the next egg which in most cases is laid very near to the 
former. Thus in some cases as many as ten to fifteen eggs, arranged in 
three to four rows, are laid very close together. The micropyles are 
usually directed towards the apical ends of the plants if the eggs 
are laid on the main stem, in the distal end of the blade away from 
the main stem, or the sheathing leaf of the main stem. But the eggs are 
also laid with their micropylar ends directed slightly downwards if laid at 
the junction of the blade and the sheathing leaf. This may be to facilitate 
the larva coming down through the sheath to bore into the stem. In 
this it differs from M. saltatrix where Nishijima (1960) observed the 
micropyle being always directed upwards. After each egg is laid the I 
female cleans her ovipositor with her hind legs. 

They show definite preference in selecting the place of oviposition 
for the maximum number of eggs are laid in the dried up or drying up 
leaf sheath, mostly at the basal part of the stem (Table 3). This protects 
the eggs from direct exposure to the atmosphere when the eggs· are laid 
outside in the open field. Moreover the humidity here would be more 
than in any other exposed part of the plant. 

TABLE 3.-The number and percentage of eggs laid on different parts of the plant. 

No. of On leaf on exposed On the blade In the On the tube 
eggs land blade stem at the junction leaf in which grass 

of stems sheath is planted 

1298 196 30 56 1003 13 

Percentage 15.10 2.3 4.31 77.27 1 

Presumably the few eggs laid on the glass tube is accidental. 

Number of eggs and oviposition period 

Since the eggs are laid singly and the oviposition period lasts for two 
weeks or more it is not easy to ascertain the exact number of eggs laid 
in the field by a single fly. In the laboratory the female laid on an 
average forty eggs (Table 4) during the entire oviposition period which 
ranged from nine to seventeen days. The maximum number on record 
is 57 (Fly H) and the minimum 25 (Fly E). However a number of eggs 
(10-15) were found unovulated in the ovaries which were observed on 
dissecting out the females which had died in the jar after normal egg
laying. The diet of the fly did not greatly affect the oviposition rate POf 
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the number of eggs laid. Three flies fed purely on water alone laid on 
an average as many as 36 eggs, the number not varying much from 
the average for those that were fed on a solution of sugar and honey. 
This observation tallies with that of Horber (1950) on Ohlorops pumilionis 
where he noticed a single fly, kept with water alone, laying as many as 
97 eggs. Nishijima (1960) also could not observe much influence of 
the diet on the egg-laying in M. saltatrix (L.) 

Rate of egg-laying 

The flies laid a maximum of 21 and a minimum of 1 egg a day at 
normal laboratory conditions (Table 4). The rate of egg-laying progress
ively rises until it touches an all time maximum for the entire period 
towards the second half of the first week after which there is a steep fall 
(Table 4). This trend is continued throughout the remaining oviposition 
period. 

Another significant feature is the relation between the sudden spurt 
in the egg-laying, together with the number' of eggs laid, and the longe
vity of the flies. The flies F & H (Table 4) lived for only 19 days and 
in their case there was a steep rise in the egg-laying rate. Again they 
had laid the maximum number of eggs. 

THE EGG 

The freshly laid egg (Text-fig. 2A) of O. fusidentata is snow-white and 
is cylindrical-fusiform. It is slightly sickle or crescent-shaped. The egg is 
striated and sculptured with the terminal micropylar area on the asymme
trically tapered apex. The chorion is raised in longitudinal ridges, 
these approximately number 14 to 16, most of which extend the whole 
length but some end abruptly. The space between the ridges is concave 
but it is not marked off into rectangular areas by transverse ridges as 
described in M. saltatrix (L.) (Nishijima, 1960) and Ohloropisca glabra 
Meigen (Parker, 1918) and under the present investigations observed in 
Tropidoscinis indicus Cherian. The microphyle is a cup-shaped structure 
traversed by small micropylar canals converging to a point internally. 
The micropyle measures from 0·032 to 0.036 nlm in diameter. The 
length of the egg varies from 0.75 to 0.91 mm. At its broadest portion 
the egg measures about 0.17 to 0.28 mm. 

It is not always easy to distinguish isolated eggs of o. fusidentata 
from those of T. indicus Cherian which are laid on the same host plant 
but the following characteristics may be helpful in differentiating the 
e~~s of the two species, 



TABLE 4.-The emergence, copulation. pre-oviposition, oviposition post-oviposition and longevity of lO/pairg of O. jusidentata un 
conditions (20-30· C and 30-36% R. H.) in Ma.rch-April, 1968. 

Date of Date of Pre-ovi Oviposition. Date Total Post-
Pair 

copula.tion position Ma.rch April no. of oviposi-emergence 
eggs tion 

March '1968 March 1968 (days) 21 22 23 24 25 26 27 28 29 30 31 (days) 

A 17 21 4 4 16 7 5 3 40 4 
B 15 19 3 6 10 6 4 38 
0 15 18 3 6 11 4 4 3 3 34 6 

D 16 18 4 5 17 6 4 39 3 
E 16 25 2 4 9 5 4 3 25 

F 17 19 2 4 5 21 6 4 4 2 55 nil 

G 15 19 2 5 6 6 12 8 5 3 2 49 4 

H 17 19 & 21 5 4 6 19 9 5 4 57 1 
I 15 19 3 12 4 29 4 

J 16 19 7 13 5 4 4 33 5 

Average No. of eggs laid is 40. 



der norma.l la.boratory 

Died Longevity Average 
longevity 

c! ~ c! ~ O--~--

(days) (days) 

3.4.68 9.4.68 17 23 
2.4.68 8.4.68 18 24 
3.4.68 9.4.68 19 25 
3.4.68 5.4.68 18 20 18 days 
2.4.68 6.4.68 17 21 22 days. 
4.4.68 5.4.68 18 19 
4.4.68 10.4.68 20 26 
4.4.68 5.4.68 18 19 

30.3.68 6.4.68 15 22 
5.4.68 6.4.68 20 21 
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O./ustdsfttato, Oherian 

1. Length 0.75-0.91 mm 

9. Mioropyle on asymmetrically tapered apex. 

8. Eggs long, slightly crescentic. 

,. Transverse ridges conneoting the longitu
dinal ridges absent. 

S. Mioropyle oup-shaped and the cup distin
ctly projecting outside. 

Hatching 

T. indicus Cherian 

Length 0.5 - 0.6 mm 

Both ends almost equa.lly blunt. 

Short and blunt. 

Transverse ridges present; these di~ide 
the chorion into rectangular areas. 

Micropyle rounded, not distinotly pro
jecting outside. 

The glistening, snow-white, freshly laid egg becomes milky-white 

A B 

O°.2mm. O·2mm. 

o 

.00 2 mm. 

f 

Text-fig. 2-0. fusidentata, A- Egg, B-First instar larva, O-Second instar farva, 
D-Third instar larva, E-Pupa, F-Puparium. 
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within 12 to 15 hours after oviposition. It is attached to the plant by. a 
cementing material, which can withstand slight shakes and make the 
eggs remain in position. The first internal organ to make its appearance 
is the cephalo-pharyngeal skeleton, which is visible within 28 to 34 hours 
after oviposition. Later the posterior spiracles and tracheae of the 
posterior region make their appearance. Very slow movements of :the 
skeleton are discernable through'the chorion at this stage. Segmentation 
of the developing larva is noticeable. 

At the time of hatching a split is observed at the micropylar end, 
.partly splitting the micropyle which may extend to about one-fourth the 
length of the egg. Through this split the mouth parts of the larva 
begin to come out and the larva exhibits elastic movements, shaking its 
body sideways. The movements last usually for about eight minutes. 
but at times is prolonged for about half an hour and the larva finds its 
way out of the egg shell. However those larvae that try to hatch under 
dry conditions fail to escape completely and die. 

One interesting phenomenon which attracted the attention is the 
strict periodicity of hatching. The larvae, under the present observa
tions, always hatched between 2.00 and 6.00 A. M. Under varying 
conditions of temperature and humidity in the laboratory they did not 
hatch during day time. Similar observation is reported by Nishijima 
(1960) in JJf. saltatrix (L.) Workers like ]apson and Southwood (1960), 
Goodliffe (1942), Parker (1918), Nishijima (1960) and Hall (1932) are 
silent on the fate of the egg shell. In O. fusidentata they were found 
remaining on the spot even a day or two after hatching so that a dried 
up egg and an egg from which the larva had come out were distingui
shable only by the slit in the anterior part of the egg shell in the 
latter. 

Incubation period 

The eggs are very sensitive to the amount of moisture. Deficiency 
of moisture is very detirmental to its development and lack of moisture 
even for short intervals is fatal. Submergence of the egg in tap water 
up to 24 hours is not fatal but if the eggs are kept in water for a longer 
period they do not hatch.. This observation differs from that of Jepson 
and Southwood (1960) who got the eggs of Elachiptera cornutu and 
Oscinella frit hatched when allowed to remain in tap water at laboratory 
temperature for three to four days. In O. fusidentata at 25°C and 70-
90010 R. H. the maximum incubation period on record is 5 days fl 
hours and 8 minutes while the minimum is 4 days 10 hours and 30. 
minutes with an average of 4 days 18 hours and 39 minutes (Table 5). 
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TABLE 5.-Average incubation period of the eggs of O. jusidentata at 25°0. and 
70-90% R. H. 

Egg-laying Hatching 
Date Date Incubation period Average 
Time Time days hrs. mts. 

28.4.1968 28.4.1968 4 10 30 
1655 hrs. 0325 hrs. 
23.4.1968 28.4.1968 4 12 25 
1700 brs. 0525 hra. 
23.4.1968 28.4.1968 4 13 7 
1530 hrs. 0437 hrs. 4 days 
23.4.1968 28.4.1968 4 19 15 18 hrs 
0~25 hrs. 0440 hrs. & 39 mts. 
23.4.1968 28.4.1968 4 18 35 
1015 hrs. 0450 hrs. 

24.4.1968 30.4.1968 5 10 5 
1720 hrs. 0325 hrs. 

24.4.1968 30.4.1968 5 11 8 
1652 hrs. 0400 hrs. 

27.4.1968 2.5.1968 4 16 45 
1145 hra. 0430 hrs. 

27.4.1968 2.5.1968 4 11 30 
1800 hrs. 0530 hrs. 

27.4.1968 2.5.1968 4 15 10 
1320 hra. 0430 hrs. 

TABLE 6.-The average incubation period of O. jusidentata eggs at 30° C. and 
70-90% R. H. 

Egg-laying Hatching 

Date Date Incubation period Average 
Time Time days hrs-. - mts. 

18.4.1968 21.4.1968 2 14 12 
1448 hrs. 0500 hrs. 

18.4.1968 22.4.1968 3 10 10 
1745 hrs. 0355 hrs. 

18.4.1968 21.4.1968 2 13 20 
1415 hra. 0s35-hrs. 3 days 

19.4.1968 22.4.1968 2 19 5 2 hrs 
0915 hrs. 0420 hrs. & 31 mts. 

19.4.1968 22.4.1968 2 18 20 
1040 hrs. 0500 hrs. 

19.4.1968 22.4.1968 2 16 42 
1248 hrs. 0530 hrs. 

20.4.1968 24.4.1968 3 9 50 
1630 hra. 0220 hrs. 

20.4.1968 24.4.1968 3 11 16 
1624 hra. 0340 hrs. 

-20.4.1968 24.4.1968 3 20 15 
--OSlO brs. 0425 hrs. 

20.4.1968 ~4.4.1968 3 12 
1510 hra. 0310 hrs. 
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At 30°C and under same conditions of R. H. eggs took a maximum of 3 
days, 20 hours and 15 minutes and a minimum of 2 days, 13 hours and 
20 minutes, with the average working round to 3 days, 2 hours and 31 
minutes, to hatch (Table 6). From this it is evident that the duration of 
the egg stage is shortened by the rise of temperature. Hall (1932) in 
Hippelates pusio has reported a maximum incubation period of 30 days 
and a minimum of 2 days with an average of 3.7 days. In M. saltatrix 
(L.) Nishijima (1960) observed a maximum of 16.5 days at 15°C. and 
a minimum of 3.9 days at 30°C. 

Egg viability 

From the observation it is evident that the egg viability depends on 
humidity. The percentage of hatching shows a remarkable decline in 
proportion to the lowering of R. H. (Table 7). A very steep fall in the 
rate of hatching is noticeable below 70% R. H. Eggs kept under normal 
laboratory conditions never hatched showing that humidity is the 
important factor determining the percentage of hatching. It is evident 
from Table 7 that hatching is more controlled by humidity than tempera
ture though the latter determines the incubation period (Tables 5 & 6.) 

TABLE 7.-The hatching percentage of the eggs of O. fusidentata at different tempera-
ture and humidity. 

Humidity 50-60% Humidity 70-80% Humidity 90-100% 

Tempe- No. of Hatched No. of Hatched No. of Hatched 
rature eggs eggs eggs 

kept. (%) kept. (%) kept. (%) 
25°0 80 20 80 70 80 88 
30°0 30 80 80 77 30 90 

DURATION OF LARVAL STADIA 

The newly emerged larva finds its way into the stem and starts feed
ing on the contents. Under normal conditions the change from the 
first instar to the second and from the second instar to the third takes 
place inside the stem itself. The contents of one stem are more than 
sufficient to see the larva through upto pupation. In most cases the larvae 
pupated within the stem but instances are on record to show that they 
pupate at times outside the stem within the leaf-sheath. 

In the present observation, under laboratory conditions (27 +3°C and 
70-800/0 R. H.), the whole larval period ranges from 9 days 7 hours to 
12 days 13 hours as is evident from Table 8. But those first instar larvae 
which were allowed to enter in the stems infested by some larvae of an 
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Atherigona sp., the details of which are given elsewhere, took only 7 days 
5 hours and 40 minutes to 8 days 12 hours for completing the larval 
development (Table 9). The reason for a steep fall in the duration in 
the latter instances may perhaps be attributed to the availability of ready 
made food, even for the first instar larva, to start with. Moreover the 
humidity in the decayed material in the stem may have helped in accele
rating the rate of development. This is not the case with the one infes
ting a fresh stem for here it takes some for the contents of the stem to 
decay and raise the temperature and also provide food. 

The influence of temperature and humidity on the duration of the 
larval period has been reported in some Chloropids. Hall (1932) in 
Hippelates pusio recorded a minimum of 5 days and a maximum of 46 
days "the length of the larval period depending on the medium, the 
moisture present and the temperature". In M. saltatrix Nishijima (1960) 
observed a maximum of· 37 days at 15°C and a minimum of 13 days at 
30°C., the duration of the larval stadia shortening in proportion to the 
rise of temperature upto the optimum. In Ohlo1'opisca glabra Parker 
(1918) has reported a minimum of 9 days and a maximum of 20 days. 

First instar 

M easurements-

DESCRIPTION OF INSTARS 

Length 1.3 to 1.6 mm 

Width 0.28 to 0.4 mm 

The newly emerged first instar larva (Text-fig. 2B) is glistening white 
with very slender transparent and subcylindrical body tapering anteriorly 
and truncated posteriorly. Body divisible into head, three thoracic and 
eight abdominal segments, the segmental boundaries being only faint; 
'the antenna two segmented, a little longer than thick; no trace of the 
anterior spiracles; the posterior spiracles (Text-fig. 40) horne on two 
spiracular lobes, each with a truncated apex. There are three stigmatic 
openings (80) on each lobe, bearing four branched processes (Text-figs. 
4C, D; ~H) typical of the larvae of Oscinellinae (Jepson and Southwood, 
1960). The spiracular lobes are separated by about 0.024 mm. The 
absence of anterior spiracles and the relatively feeble cephalo-pharyngeal 
skeleton serve to distinguish it from the succeeding instars. 

The cephalo-pharyngeal skeleton (Text-fig. 3A) varies in length from 
0.2 mm to 0.27 mm with an average of 0.224 mm. It is brownish 
having two similar halves lying opposed to each other along its longi
tudinal axis. Each half comprises an anterior mouth-hook or mandibular .. 
hook (MH) and the posterior pharyngeal sclerite (PS) with a small, 
heavily tanned, piece in between. The mouth-hooks, measuring 0·05 
J1UD.~ are sickle-shaped structures bearing a large apical tooth followed by 
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TABLE B.-The duration of the larval period of O. jusidentata at 27° C. ± 3° O. and 

70-80% R. H. 

Larvae hatched Pupated 

Date Date Duration Average 

Time Tiiii8 days hrs. mts. 

16.4.1968 27.4.1968 11 9 5 
0425 hrs. 1330 hrs. 

16.4.1968 26.4.1968 10 7 45 
0315 hrs. 1100 hrs. 

16.4.1968 28.4.1968 12 6 40 
0400 hrs. 1040 hrs. 

16.4.1968 27.4.1968 11 12 36 
0424 hrs. 1700 hrs. 11 days 

16.4.1968 28.4.1968 ]2 13 3 hrs. 
0320 hrs. 1620 hrs. & 22 mts. 

17.4.1968 27.4.1968 10 6 55 
051:30 hrs. 1225 hrs. 

17.4.1968 26.4.1968 9 7 20 
0420 hrs. 1140 hrs. 

17.4.1968 28.4.1968 11 11 35 
0510 hrs. 1645 hrs. 

17.4.1968 28.4.1968 11 13 
0530 hrs. 1830 hrs. 

17.4.1968 27.4.1968 10 17 44 
0400 hrs. 214:4 hrs. 

TABLE 9.-The duration of the la.rval period of O. furidentata in the stem infested or 
left over by the larvae of Atherigona sp. 

Larvae hatched Pupated 

Date Date Duration Average 
Time Time 

days brs. mts. 

14.4.1968 22.4.1968 8 11 
0230 hrs. 1330 hrs. 

14.4.1968 22.4.1968 8 9 50 
-04:40 hrs. 1430 hrs. 4 days 

15.4.1968 22.4.1968 7 14 50 
0330 hrs. 1820 hrs. 2 hrs. 
15.4.1968 22.4.1968 7 16 22 
0500 hrs. 2122 hrs. 

15.4.1968 23.4.1968 B 12 
0430 hrs. 1630 hrs. 
16.4.1968 24.4.1968 8 7 48 
0332 hrs. 1120 hrs. 

16.4.1968 23.4.1968 7 5 40 
0435 hrs. 1005 hrs. 

14.4.1968 24.4.1968 8 10 30 
0450 hrs. 1520 hrs. 
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two accessory cusps. The pharyngeal sclerites are very slender with the 
anterior prolongations measuring more than half of its length. The 
dorsal sclerite (OS) is faintly tanned and ends bluntly. 
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Text-fig. 3.-0. fusidentata, A-Cephalo-pharyngeal skeleton of first instar larva, 
B-Cephalo-pharyngeal skeleton of second instar larva, C & D-Cephalo
pharyngeal skeleton of third instar, E-Ventral spicules of third instar larva. 

The pharyngeal sclerite bifurcates posteriorly giving rise to the dorsal 
(OW) and ventral wings (VW). The ventral arm is pointed posteriorly 
and is turned inwards, with a wing process (WP) nearer to the proximal 
end, whereas the dorsal arm tapers off. There is no intermediate 
sclerite but the small heavily tanned piece which is seen ,between the 
~dibular-hook and the pharyngeal sclerite is probably the precursot 

3g 
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of the intermediate sclerite of later instars. The whole cephalo-pharyngeal 
skeleton is lightly tanned except for the anterior ends of the pharyngeal 
sclerites and the posterior ends of the mouth-hooks. The dentate 
sclerite is not visible. The anus is seen as a slit-like opening on the 
ventral side of the last adbominal segment. 

Spicular zones.-Ventral distribution: 

Thoracic 1 Many broken rows (13-15) of closely set very small 
spicules. 

Thoracic 2 & 3: 5-6 rows of fine spicules as preceding. 

Abdominal 1 7-8 rows of closely set small spicules of uniform size. 

AbdominaI2-8: About 9-10 transverse rows of small spicules forming 
ahnost an elleptical figure in each segment. All are of 
uniform size. 

The duration of the first instar larva varies from 1 day 23 hrs. to 3 
days 1 hr. and 40 mts. with an average of 2 days 6 hrs. and 20 rots. as 
shown in table 10. After entering the stem the larva starts feeding only 
after some time. 

Second instar 

M easurements-
Length: 1.96 to 2.6 mm 

Width : 0·46 to 0.53 nun 

The second instar larva (Text-fig. 2C) is whitish-yellow and can easily 
be distinguished from the first by the presence of the anterior spiracles 
(Text-fig. 4 A). These are fan-shaped structures projecting laterally from 
the posterior margin of the first thoracic segment. The number of 
digitate processes varies from four to five. 

The posterior spiracles (Text-fig. 4E) are lodged on characteristic spira
cular lobes projecting from the posterior end of the last abdominal 
segment. It is slightly more clearly marked off from the general body 
surface than in the first instar. In almost all other details it is nothing 
but an enlarged version of the spiracle of the first instar larva~ with 
three stigmatic openings and four groups of branched hairs (BH). 

Oephalo-pharyngealslceleton (Text-fig. 3B) : 

It is long, rather better developed, than in the first instar larva and 
varies in length from 0.31 to 0.4 mm. The mouth-hook (MH) measure~ 
about 0.072 mm and has a foramen in the posterior half. The apical 
tooth is followed by three smaller teeth, the first of them being the
smallest. Posteriorly each mouth-hook articulates with an intermedia~e 
~clerite (IS) which has developed conspicuously by now. It is 0.11Z nun 
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TABLE 10.-The duration of the first instar larva at 27°±3° C. and 70-90% R. H. 

Larva Changed into 
hatched on second inster Duration of first Average 

Date Date instar duration 
'lime Time days hrs. mts. 

14.4.1968 16.4.1968 2 3 
0430iirB. 0730 hrs. 
14.4.1968 16.4.1968 2 12 
0400 hrs. 1000 hrs. 

14.4.1908 16.4.1968 2 40 
0520 hrs. 0600 hrs. 2 days 
14.4.1968 16.4.1968 2 6 10 6 hrs. 
0330 hrs. 0940 hra. & 20 mts. 
15.4.1968 18.4.1968 3 1 40 
0450 hrs. 0630 hrs. 
15.4.1968 17.4.1968 1 23 

-0500 hrs. 0400 hra. 

15.4.1968 17.4.1968 2 8 50 
0320 hrs. 1210 hrs. 

16.4.1968 18.4.1968 2 6 20 
0410 hrs. 1030 hrs. 

16.4.1968 18.4.1968 2 2 10 
0440 bra. 0650 hrs. 

16.4.1968 18.4.1968 1 23 30 
0430 bra. 0400 hrs. 

long and is encased partly in the extensions of pharyngeal sclerites (PS), 
the atrial rod (AR) above roofing a bout three-fourths its length and 
another prolongation of the ventral wing beneath. Each side of the 
pharyngeal sclerite is divided into a dorsal wing and a ventral wing. The 
dorsal sclerite (DS) , projecting from the pharyngeal sclerite and ending 
bluntly anteriorly, is well tanned. 

Spicular zones.-

Thoracic 1 

Thoracic 2 

Thoracic 3 
Abdominal 1 
Abdominal 2-8 

Anal zone: 

15 to 18 irregular rows of small, fine and uniform 
spicules extending the whole length of the ventral 
side. 
8 to 9 broken rows of uniform, fine, irregular, but 
more regular than those of the first zone, spicules 
extending almost the entire length of the ventral side. 

9 to 10 rows as preceding. 
8 rows of very fine uniform spicules. 
4 to 5 broken rows of small uniform spicules, not 
extending the whole length of the ventral side. 
2 very small rows of pre-anal and 1 row of post-anal 
spicules. 
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The segmental boundaries of the larva are more clearly marked off 
than in the first instar. The anus is seen as a slit-like opening midven·' 
trally on the last abdominal segment. The colour of the larva turns 
yellowish due to its feeding on the decaying contents of the stem. The 
duration of the second "in star , at 27° ±3°C. and 70-90% R. H., varies 
from 3 days 8 hrs. and 10 rots. to 4 days 7 hrs. and 40 mts. with the 
average 3 days 19 hours and 21 mts. (Table 11). 

Third instar 

M easurements-
Length: 3·0-4.5 mm 

Width : 0·6-0·9 mm 

The third instar larva (Text-fig. 2D), the colour of which varies from 
creamy white to pale yellow, is a typical Osc,inella larva. Body is sub
cylindrical, narrow anteriorly and truncated posteriorly, with twelve very 
distinct body segments. 

TABLE l1.-The duration of the second instar larva of O. fusidentata a.t 27°±So O. 
and 70-90% R. H. 

Second instar Ohanged into 

3rd instal Duration of Average 
Date Date 2nd instar dura.tion 
Time Time days hra. mts. 

18.4.1968 21.4.1968 3 10 50 
0730 hra. 1820 hrs. 

18.4.1968 22.4.1968 4 7 48 
0900 hrs. 1640 hrs. 
19.4.1968 23.4.1968 4 1 40 
1130 hrs. 1310 hrs. 
20.4.1968 23.4.1968 3 10 20 
0715 hrs. 1735 hrs: 3 days 
20.4.1968 24.4.1968 4 20 19 hrs 
1740 hrs. 1800 hrs. & 21 mts. 
22.4.1968 26.4.1968 4 35 
1445 hrs. 1520 hrs. 
21.4.1968 25.4.1968 4 2 35 
0950 hrs. 1225 hrs. 
22.4.1968 25.4.1968 3 11 45 
U60Q hrs. 1745 hrs. 
22.4.1968 25.4.1968 3 8 10 
10H~ brs. 1828 hrs. 
22.4.1968 26.4.1968 3 19 35 
1400 hrs. 0935 hrs. 

Facial mask (Text-fig. 4H): Head is anteriorly divided by a median 
groove (MG), extending almost upto the mouth-hook, into halves. Each 
half is surmounted by a two segmented antenna (Text-figs. 40. & H ; AN). 
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Maxillary palps (MP), one on each side, are well tanned and are of the 
~pen type. Each ring contains 5 papillae with a further pair lying antero
laterally just at its open end. lying between the maxillary palp and the 
mouth-hook is the frontal palp (FP) which is comprised of three cells, 
the frontal papillae (FPE). Between the maxillary palps there is pair of 
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Text-fig. 4-0. fusidentata, A-Anterior spiracle of second instar larva, B-AnteriOJ: 
spiracles of third instar larva, O-Posterior spiracle (enlarged) of first instar 
larva, D-Posterior spiracle of first instar larva, E-Posterior spiracle of 
second inetar larva, F-Posterior spiracle of third instar larva, G-Antenna 
of third instar larva, H-Facial mask of third instar larva. 

prefrontal papillae, one on eaeh side. Immediately anterior to the 
mouth-hocks are the labral lobes (LL) which appear to assist in the 
chanelling of the food particles. Arising from each side of the mouth 
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opening and running antero-Iaterally is a pair of genal rami (OM), same 
as those observed by Nye (1958) in many species of Oscinella, which 
bifurcate and anastomose to form three cells on the jowls and one 
posterior to the frontal palp. On each side, between the frontal palps, 
there are two midfrontal rami (MR). The frontal rami (FR) border the 
three outer sides of the frontal palps. None of the rami or the cells is 
spiculate. 

Oephalo-pharyngeal skeleton (Text-fig. 3C & 3D): It varies in size from 
0.57-0.63 mm and is an enlarged version of that of the second instar. 
Anteriorly there is a parir of mouth-hooks (MH) both working together 
in the vertical plane. Each mouth-hook is a heavily tanned blackish
brown structure with an apical tooth followed by four smaller teeth. 
There is a small foremen in the mouth-hook~ Posteriorly e~ch articulates 
with an intermediate sclerite (IS), the latter two are joined ventrally, 
nearer the anterior end, by a hypostomal arch (HA). Just above the 
arch a pair of liguloid plates (LP) are seen as small elongated, triangular 
pieces measuring about 0.02 mm. Anterior to these, but towards the 
posterior end of the mouth-hooks, a narrow liguloid arch (LA) is visible. 
The intermediate sclerite is heavily tanned anteriorly but becomes lightly 
tanned posteriorly before meeting the pharyngeal sclerite (PS). Each 
side of the pharyngeal sclerite is divided into a dorsal wing (DW) and a 
ventral wing (VW), the latter bearing the wing process on the inner , 
aspect. There is an anterior prolongation of the ventral wing, the atrial 
rod (AR) over three-fourths the intermediate sclerite. ~osteriorly part 
of the intermediate sclerite is floored also by the extention of the ventral 
wing. Fused to each pharyngeal sclerite, on each side, is a median 
dorsal sclerite (DS) which is tanned anteriorly. The whole of the 
pharyngeal sclerite is lightly tanned, being pale brown. 

Anterior spiracles (Text-fig. 4B): The anterior spiracles project from 
the posterior margin of the prothorax, in a plane at right angle to the 
long axis of the body. The main dorsal tracheal trunk (MDT) is conti
nued into the spiracle as the spiracular trunk (ST). It is bulbous 
posteriorly but narrows before enlarging to form a spacious chamber 
from which projects the five digitate processes (DP). The spiracle is of 
the fan type. From the point where they project from the thorax the 
spiracles are loosely covered by a sheathing membrane reaching the end 
of the digitate processes where the chitin is thickened to form a 
peritreme (PR) surrounding the spiracular opening (SO). 

Posterior spiracles (Text-fig. 4F): They are borne on spiracular lobes 
(SL) separated by a distance of 0.07 mm. As in the anterior spiraole 
the spiracular trunk widens into a bulb and then narrows until ,it 
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trifurcates. Each branch opens to the outside by a spiracular opening 
surrounded by the peritreme. From the cuticle between the peritremes 
(PR) there arise four tufts of branched hairs (BH). 

The anus, in the form of a slit-like opening, is seen in the middle of 
the ventral side of the last abdominal segment. 

Spicular zones (Text-fig. 3E): Ventral distribution : 

Thoracic 1 

Thoracic 2 

z o. 
~ 

'" 8 

20-24 irregular broken rows of linearly grouped very 
small, pointed, uniform spicules. 

12-15 irregular broken rows as preceding, extending 
the whole length of the ventral side. 

A ,~ WeEK 

B •. ~ .•. " .• -" •••••• 
c -.~ - __ '_-4 

0 ... ,-- ____ .. 

E~'---4 

1 ... ,"----
G.··················· 
Ht!'.-...· .-. .... ~,- .... -$o 

I ... --.. ~-- .. 
J-.~ 

Text-fig. 5.-GmVhs showing the ovil?osition rates A-of flies A-~ ; B-of flies F--J. 
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Thoracic 3 7-8 irregular broken rows of fine pointed uniform 
spicules. 

Abdominal 1 : 10-12 irregular broken rows as preceding. 

Abdominal 2-8: 8-11 irregular broken rows as preceding but rarely 
extending the whole length of the ventral side. 

Anal zone : 2 small rows of fine spicules anterior to and one row 
posterior to the anus. 

The third instar larva, to start with, is little bigger than the second 
but after a day or so it grows rapidly, assuming double the size of the 
latter. It is found actively devouring the contents of the decaying 
stem. The cephalo-pharyngeal skeleton moves about 90 to 120 times a 
minute. 

The duration of the third ins tar larvae varies from 4 days 2 hrs. and 
25 mts. to 5 days 1 hr. and 35 mts. with an average of 4 days 10 hrs. 
and 42 mts. at 27° ±3°C. and 70-90% R. H. (Table 12). 

TABLE 12.-The duration of the Brd instar larva of O. jusidentata at 27°±3° O. and 

70-90% R. H. 

Brd instar Pupated Duration of 8rd Averago 

Date Date instar duration 
TIme Time days hra. mts. 

23.4.1968 28.4.1968 4 14 50 --1730 hra. 0820 hrs. 
23.4.1968 27.4.1968 4 3 
1420 hrs. 1720 hrs. 
23.4.1968 28.4.1968 5 1 35 
1100 hra. 1235 hrs. 
23.4.1968 27.4.1968 4 8 10 
0825 hrs. 1635 hrs. 4: days 
24.4.1968 29.4.1968 4: 19 25 10 bra. & 
1340 hra. 0905 hrs. 42 mts. 
24.4.1968 28.4.1968 4 2 25 

-1555-hrs. 1820 hrs. 
24.4.1968 29.4.1968 4 13 45 
1825 hrs. 0810 hra. 

25.4.1968 29.4.1968 4 5 25 
1125b;: 1650 hrs. 
25.4.1968 29.4.1968 4 6 30 
0910 hrs. 1540 hrs. 
25.4.1968 29.4.1968 4 7 55 
1015 hrs. 1810 hrs. 

Key to larval instars 

1. Anterior spiracles absent First inst8tl' 
An terior spiracles pres en t ~ 
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2. Mouth-hook with a main tooth and three Q,cce
ssory cusps; the posterior spiracular lobes not 
clearly marked off from the last body segment; 

15-18 broken rows of spicules in the first 
thoracio segmen t 

~iouth-hook with a main tooth and four accessory 
cusps ; spiracular lobes clearly marked off from 
the last segment; 20-24 broken rows of spicules 
in the first thoracic segment 

PUPATION 

241 

Second instar 

Third instal 

The mature larva crawls down and rests at a point usually just above 
the node of the stem. The larva stops feeding and becomes immobile. 
The fiirst signs of approaching pupation are sluggishness followed by a 
shortening of the body. The movement of the cephalo-pharyngeal 
skeleton is accelerated preparatory to the withdrawal of the head inside 
the body. This stage lasts for about 4-6 hours. The larval skin is not 
shed off but becomes the outer covering of the puparium. When the 
puparium is first formed it is pale white and through its transparent wall 
the tracheal trunks can still be seen. 

Pupa 

M easurements-
Length: 3.0-3.4 mm 

Width: 1.2-1.4 mm 

The freshly formed yellow pupa (Text-fig. 2E) is usually seen in the 
stem a little above the node. The puparium formed partly out of the 
larval skin hardens with the passage of time and its colour changes to 
_yellow and then, through different shades of brown, to deep brown. 

The body surface is grooved by wavy transverse lines representing 
the spicular zones of the last instar larva. In this and some other 
details it retains some of the morphological characters of the larva-. 
The anterior and posterior spiracles are practically in the same form 
as in the third instar. 

The anterior end of the pupa is flattened dorsoventrally. The 
body is marked off into eleven segments, the first, three representing 
thorax and the rest abdomen, head portion being withdrawn into the 
prothoracic segment. It is from the prothoracic segment that the 
anterior spiracles, each measuring 0.07 mm, are seen projecting ante
riorly. Segments from four to nine are almost equal and are wider 
than the rest. The following two segments narrows down abrupt~y, the 
last one bearing the prominent posterior spiracles. Each posterior 
spiracle is seen at the tip of a tubercle which is nearly ~~ lons (O.OS mm) 

81 
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TABLE 13.-The average pupal duration of O. jusidentata at 27° ± 3° O. a.nd 
70-90% R. H. 

Pupated on Emerged on 

Date Date Duration Average -Time Time days hrs. ~ duration 

27.4.1968 6.5.1968 8 22 50 
0820 hrs. 0710 hrs. 
27.4.1968 7.5.1968 9 13 20 
1720 hrs. 0640 hrs. 
27.4.1968 6.5.1968 9 6 
1230 brs. 1830 hrs. 
28.4.1968 6.5.1968 7 14 35 
1635 hr9. ---0710 hrs. 
,28.4.1968 7.5.1968 8 21 5 
2150 hrs. ------0655 hrs. 8 days 
28.4.1968 6.5.1968 7 22 50 16 hrs. 
0810 hrs. 0700 hrs. & 5 mts. 
2R.4.1968 8.5.1968 9 11 55 
.0620 hrs. 0615 hrs. 
29.4.1968 8.6.1968 8 14 45 
1650 hra. 0735 hrs. 
29.4.1968 8.5.1968 f 8 13 
1730 hrs. 0630 hrs. 
29.8.1968 7.5.1968 7 20 30 
1115 hrs. 0745 hrs. 

TABLE 14.-The average pnpal duration of O. fusidentata under normal laboratory 
conditions (200 

- 300 O. and 30-36% R. H.). 

Pupated Emerged 

Date Date Duration Average 
T1iiie Tiiiie days hra. mts. dumtion 

20.4. 1968J 3.5.1964 12 15 30 
1540 hra. ,0710 hrs. 

21.4.1968 5.5.1968 13 13 55 
1620 hrs. 0615hrs. 
21.4.1968 4.5.1968 12 21 
1000 hrs. 0700 hrs. 
22.4.l:96Q 4.5.1968 11 17 
1430-hrS: 0730 hrs. 12 days 

22.4.1968 5.5.1968 12 12 15 16th hrs.·& 
1830 hrs. 0645 hrs. 19 mts l 

22.4.1968 6.5.1968 13 20 30 
1130 hrs. 0800 hrs. 
23.4.1968 6.5.1968 12 17 30 
1420 hrs. 0750 hrs. 
28.4.1968 6.5.1968 12 13 25 
1730-hrB. 0655 hrs. 
23.4.1968 5.5.1968 11 12 15 
1810 hrs. 0625 hrs. 
2S.4.1968 8.5.1968 12 19 50 
1025 hrs. 0615 brs. 

.. oi.4 
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as wide and separated by 0.09 mm. The nature of the stigmatic 
openings and the branched hairs are almost the same as in those of 
the third instar. 

The pupal period 

A reference to the tables 13 and 14 reveals that the pupal p'erio'd 
is influenced to a great deal by the environmental conditions. Nishijima 
(1960) in M. saltatrix also noticed the length of the pupal stage being 
affected greatly by the temperature-a maximunl of 23 days at 15° 
C and a minimum of 7.9 days at 30° C. Parker (9) in Ohloropisca glab1a 
has recorded a maximum of 291 days, the latter observed in pupa 
which overwintered. In O. jusidentata, it reaches a maximum of 13 
days, 20 hrs. and 30 mts. under normal laboratory condition, whereas it 
is reduced to 7 days, 14 hrs. and 35 mts. under conditions of high 
humidity and optimum temperature. Unlike the eggs, the pupa can 
withstand low humidity as evidenced by the emergence of adults in the 
laboratory from pupae when the R. H. was low (20-35%). 

EMERGENCE 

The emergence of the adult is effected by the splitting up of the' 
puparium. At first a small split developes laterally at the anterior end'. 
This reaches almost the level of the first abdominal segment. The 
posterior ends of the lateral splits are joined by a dorsal transverse 
split which by now makes its appearance. All this time the ptilinium 
of the fly inside excerts pressure along the split. The increasing pressure 

,of the ptilinium forces open the lateral halves. The whole of the dorsal 
region of the puparium over the thoracic segments spHts off as a roughly 
quadrangular plate which mayor may not become completely detached 
from the puparium. The anterior spiracles are seen attached to the 
dorsal plate. 

Firstly the contracting and expanding movements of the ptilinial 
sacs are clearly visible. Then the eyes and other parts of the head 
followed by the first pair of legs come out. The fly holds the ground 
by the help of the legs and frees the entire body. The hind legs 
lift the folded wings and unfold it in course of time. The newly emerged 
fly is seen sitting quietly on the side of the glass jar. 

The semi-transparent ptilinium is seen projecting from the headl even 
for about half an hour and it is withdrawn only later. The pigmenta
tion of the body is not affected by the time of emergence as it developes 
only within, four to six-hours after emergence. 
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Most of the workers like Parker (1918), Hall (1932), Frew (1923, 
1924) and Goodliff (1942) are silent on the time of emergence. In 
Meromyza saltatrix Nishijima (1960) could not observe any emergence 
after early morning. 

In O. jusidentato, also even though the puparia were kept in darkness 
at various constant degrees of temperature and humidity the emergence 
of the flies was always observed from dawn to early morning. 

Under humid conditions O. jusidentata comes out in three to five 
minutes time from the puparium (Text-fig. 2F) while under dry conditions 
they take ten minutes or more to emerge. 

TABLE 15.-The ratio of emergence, mortality and sex-ratio of O. fusidentata. 

No. of No. emerged ~{ale Female Sex-

Source Date pupae ratio 
kept. 

From the fieid 2.10.67 52 43 21 22 

Developed from 
eggs laid in 7.10.67 38 30 12 18 

the lab. 

From the field 14.4.68 104 81 47 34 

From the field 25.4.68 58 47 19 28 

Developed from 
eggs laid in 5.5.68 23 18 8 10 
the lab. 

" 
10.5.68 18 14 8 6 

Total 293 233 115 118 49.3 : 50.7 

Sex-ratio: 

The sex-ratio is calculated on the basis of adults emerged in the 
laboratory from pupae collected from the fields at random and also from 
those developed from the eggs laid in the laboratory. Most workers 
like Parker (1918) on Ohloropisca glabra, Hall (1932) on Hippelatus pusio, 
Nishijima (1960) on Meromyza 8atatrix, Frew (1923) on Ohlorops taeniopus 
Meij., M eromyza nigriventris and Batrobia combinata are silent on the sex· 
ratio. Goodliffe (1942), working on Lasiosina, Ohlorops and Stenopthalmus. 

reported that females slightly out number the males. Table 15 reveals 
that the two sexes are nearly equally formed in O. fusiaentata, with an 
average sex-ratio of 49.3 males to 50.7 females. 

Nature of infestation and damage to the host plants : 

Soon after hatching the active, migratory first instar larvae are found 
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moving in search of suitable sites for boring into the stem. They are 
seen waving their heads in the air, remaining attached to the stem with 
the posterior ends of the body. In many instances they were found to 
move anteriorly from the place of hatching and entering earbearing 
internodes above the one on which they had hatched. This observation 
differs from that of Frew (1923) in Ohlorops pumilionis (Bjerkander) 
according to whose 'critical leaf theory' the larvae of Ohlorops pumilionis 
cannot penetrate into an ear-bearing internode. 

None of the larvae were found to pierce a fresh stem though sub
jected to varying degrees of temperature and humidity. But they enter 
stems which were showing signs of wilting. As many as ten to twelve 
first instar larvae were found entering a single such stem and feeding 
vigourously. 

An important observation is the very close association of these larvae 
to those of a species of Atherigona. In most cases in the field O. fusiden ... 
tata flies laid the eggs on stems infested or left over by the larvae of 
Atherigona. As such in the field the larvae, soon after hatching, entered 
such stems without any difficulty. To substantiate this observation first 
instar larvae, hatched out from eggs laid in the laboratory, were transfered 
to stems i,nfested by Atherigona. In no time they found their way 
through the openings in the stem made by the Atherigona larva and 
started feeding. This observation, together with that of the larvae 
entering only the wilting stem, shows that the mode of infestation is 
secondary rather than primary. 

The first instar larva is generally unable to migrate into other inter
nodes from the first one it has entered as it is apneustic and cannot be 
expected to enjoy a long existence. The contents of one stem was found 
to be sufficient for seeing the larva through the immature stages upto 
pupation and as such there was no pressing need to find new supply' of 
food by migrating to another stem. The larvae were found to feed on 
the products of decay rather than on the fresh stem material. A reference 
to Table 9 will reveal that the larvae which entered stems infested by 
the Atherigona larva took less number of days to complete the larval 
stage when compared with those that entered other stems. This can be 
attributed to the availability of ready made food together with the high 
humidity and temperature in the medium, all of which accelerate the rate 
of developnlent. 

The larvae bore into the stem usually before dawn but at times they 
are found moving on the stem up to 9.00 a. m. after which they die. 
The mortality rate of the first ins tar larva is the highest varying from 25-
to 35% of the total number hatching out in the laboratory. 



246 Records of tke Zoological Survey 0/ 1 niJ~a 

Behaviour inside the stem: 

The larva crawls until it comes to the slit in the overlapping edges of 
the sheathing portion of the leaf and moves downwards along the shoot 
till it reaches the base of the shoot. Then it gradually enters the central 
shoot or the ear on which it feeds. The first ins tar larva is primarily 
migratory though it feeds and grows before moulting into the second 
instar. 

The second and third instar larvae stay in and feed on the decaying 
central shoot or the ear. Very rarely they migrate to adjacent shoots of 
the primarily injured stem. When it happens it can probably be due to 
the lack of suitable food for the larva. But as mentioned earlier they 
were not found boring in an actively growing stem. 

Infested plants can easily be distinguished by the yellow colour of the 
leaves which gradually begin to dry up. During peak periods of infesta
tion many such grass leaves are seen in the field. 

Number of generations and seasonal abundance of o. fusidentata in 
Agra: 

The flies start appearing in the field early in February. These are 
forms emerging out from the overwintering pupae. Their abundance 
progressively increases upto the end of February. They lay eggs and 
adults developing from these start appearing by the end of March 
or the beginning, of April. Flies of this generation give rise to the 
over-summering pupae so that adults are not seen in the fields of Agra 
after the first week of June. Flies from these pupae come out by the 
end of July or the beginning of August. They lay eggs and adults of 
the next generation start emerging out in September. It is they who 
give rise to the over-wintering pupae. 

As such it is presumed that there are four generations of o. fusidentata 
in a year. The seasonal abundance of these flies is depending greatly 
on the emergence of the adults of the subsequent generations. Adults 
of all the four generations were found emerging out in the laboratory. 
In the February-June season the availability of the flies in the field 
touched an all time maximum for the entire year towards the middle 
of April. Similarly there is only one peak period in the July-November 
season and that is in September. As there is the possibility of the 
overlapping of generations flies were available in the fields all round 
the respective seasons though in varying abundance. The emergence 
of the adults of all generations was influenced by the humidity 
conditions in the field. 

In April 1968 as many as 30 adults were caught at a sweep with an 
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insect net (45 cm deep and 30 em in diameter). During the corres
ponding period in 1967 the number on an average was 25 only which 
was the maximum for the whole year. But in July-November season 
the number of flies collected at one sweep touched the maximunl of 
20 in 1967 and 15 in 1968. During both the seasons of the both the 
years the flies appeared in and disappeared from the fields approximately 
at the same time. 

Parasites 

The extent of parasitation of o. jusidentata in the field could not 
be studied but the nature and rate of parasitation could be observed 
in the laboratory. In October 1968 out of 60 adults emerged from pupae 
allowed to remain on the host plant in the laboratory as many as 24 
(i.e., about 40% of the total number emerged) were parasitized by 
Gamasus (Family: Par3:sitidae). These mites were found attached 
mainly to the ventral side of the abdomen, though sometimes on the 
thorax also. As many as 200 mites were found attacking a single fly 
(PI. III, figs. 1 & 2). Most of such adults died in a day or two. Even 
flies from which the parasites were forcibly removed did not live long 
enough to lay eggs. The rate of parasitation was the maximum (40%) 
just before winter. Never was it this high in any other part of the 
year for in March 1968, out of 30 flies emerged only 6 were parasitized 
and in April out of 25 emerged only 4. 

The actual extent of parasitation in the field could not be ascertained 
as the flies that are caught by sweepings are mostly active ones and 
forms that are attacked are inactive and in all possibility may be lying or 
si.tting on the ground. Hence only 2-5% of the total flies caught from 
the fields were found parasitized by Gamasus. 
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SUMMARY 

Habitat and habits, copulation, oviposition, egg, incubation period, 
egg viability, hatching, duration of larval stadia, larval instars, pupa, 
pupation, emergence, nature of infestation of host plants, number of 
generations and seasonal abundance and parasitation of Oscinella fUBiden
tata Cherian are described. 
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CHBRIAN PLATE III 

1. OscineUa fu~id,en,tata, with Ga.1Jl-ccsus, 2. Oscinella /u ,sidentata 
with Gamasus (enlarged). 
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STUDIES ON THE LIFE HISTORY OF INDIAN 

DRAGONFLIES, CERIAGRION COROMAN DELIANU M 

(F ABRICIUS) 

(COENAGRIIDAE : ODONAT A) 

By 

ARUN KUMAR 

N ortkern Regional Station, Zoological Survey of India, 

Dekra Dun 

( With 3 Text-figu~es and 2 Tables) 

INTRODUCTION 

The present communication is a continuation of my earlier studies on 
the life history of Indiap species of Odonata (cf. KUMAR, 1971, 72a, 
72b, 72c and 73a). In this paper findings are presented of the study on 
the life history of Oeriagrion coromandelianum (Fabricius). The last 
instar larva of this species has been described ( KUMAR, 1973b). 

Genus Oeriagrion Selys comprises dragonflies of small size which 
generally breed in still water. Species are widely distributed in S. 
Europe, the African continent, S. Asia, China, Japan and. the Sondaic 
Archipelago. Within Indian limits the genus is represented by 9 species. 
O. coromandeZianum is commonly distributed throughout India, Sri 
Lanka, Burma, Malaysia, Indo-China and S. China (FRASER, 1933). In 
Western Himalaya it occurs at Bilaspur, Kangra, Hamirpur, Simla, 
Sirmaur and Una (Himachal Pradesh), Chamoli, Dehra -Dun, Nainital 
and Uttar Kashi (Uttar Pradesh). 

MATERIAL AND TECHNIQUES 

Field observations were made during the years 1975-76 at a 
perennial pond in Ville Gorakhpur, Dehra Dun. Study on the larval 
development began in the laboratory by collection of eggs on 19. IV. 1976 
from an ovipositing female. The eggs were laid that day by the female 
in tandem on floating vegetation in the pond. 

In the laboratory the vegetation with eggs was kept subtnerged in 
water in a glass trough. Hatching started on 2. v. 1976 and continued 
till 6. v. 1976. Soon after hatching, larvae in the 2nd instar were trans
ferred from the stock dish and each one was kept in a separate petri dish 
under normal laboratory conditions (average max. temp. during the 
period 25°-40°c), after entering into the 7th instar they were transfered 

82 
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into beakers. In the early instars larvae were fed on Paramecium and 
Oyclops and later on mosquito larvae. 

Studies on various instars are based on laboratory-reared material. 
Field studies on the seasonal regulations were made by larval and adult 
sampling from different biotopes. 

Terminology used for the labium follows CORBET (1953); the 
tibial comb and tarsi follows MAC NEILL (1967) ; the anal appendages 
follow SNODGRASS (1954) and MAC NEILL (1960). 

BREEDING RECORD 

Study on larval development began on 5. v. 1976 in second instar. 
The three larvae emerged into adults on 6. vi. 76, 7. vi. 76 and 18. vi. 
76 after passing through 12 instars, thus taking 49, 50 and 61 days 
respectively from oviposition to emergence. 

The breeding record of the larvae reared in the laboratory is tabulated 
in table I. 

EGGS AND OVIPOSITION 

Eggs are elongated and cylindrical (measuring O. 85-0. 89 mm ), 
with nippled anterior pole (Text-fig 1 A). They are white when freshly 
laid, turning yellowish subsequently. 

Oviposition is endophytic and the eggs are laid in submerged 
vegetation. Eggs are laid irregularly in the aquatic plants. While 
ovipositing, the female stays in tandem. 

LARVAL STAGES 

1st INSTAR OR PROLARV A: Hatches through ruptured end of 
the egg; of very short duration. Head a bit squarish, abdomen 
elongated with ventrally folded legs; caudal lamellae thin elongated. 

2nd INST AR (Text-fig. IB-F): Almost transparent, thin, 
elongated larva (Text-fig. IB); tracheae distinctly visible in the 
abdominal region, antenna ( Text-fig. lC ) 3-segmented, beset with a few 
simple setae, labium (Text-fig. ID) small, flat, squarish, premental 
setae absent, distal margin of prementum straight but for a few minute 
crenations, a lateral spiniform seta present near the base of palpus; 
palpal setae 1 & 1; distal margin of palpus deeply crenulated ; tarsi 
(Text-fig. IE) single segmented, beset with a few spiniform and-rare 
pectinate setae; caudal lamellae ( Text-fig. IF) thin, long process with 
distinct undulating tracheae traversing throughout its length, beset with 
aetae. Length 1.9 mm. -
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3rd INST AR (Text-fig. 10-J); Larva with tracheae distinct in 
thorax and abdominal region, antenna (Text-fig. 10) 4-segmented, 

p 

Text-fig. I.-Life history of O. coromandelianum (Fabr.): (A) The 
eggs; (B-F> 2nd Instar (B, larva; 0, antenna; D, labium; 
E, tibial comb and tarsi; F, epiproct); -(G-J) 3rd Instar 
(G, antenna; H, labium; I, tibial comb and tarsi; J, 
epiproct) ; -(K-l\I) 4th Instar (K, antenna; L, labium; 1\'1, 
epiproct) ; -(N-Q) 5th Instar (N, antenna; 0, labium; P, 
tibial comb and tarsi; Q, epiproct). 

l 

flagellum' having divided into two; labium (Text-fig. 1H) premental 
setae still absent, distal margin of prementum becoming a bit curved ; 
palpal setae 2 & 2, distal margin of palpus with deep crenulations ; tarsi 
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( Text-fig. 11 ) single segmented; caudal lamellae (Text .. fig. 11) further 
enlarging, broader proximally. Length 3.2 mm. 

4th INSTAR (Text-fig. lK-M): Antenna (Text-fig. 1K) still 4-
segmented; l-abium premental setae 1 + 1, distal margin of prementum 
formed into a number of small crenations, each with a claviform seta ; 
palpal setae 2 & 2 ; distal margin formed into deep crenulations; tarsi 
2-segmented; caudal lamellae (Text-fig. 1M) becoming slightly broader 
proximally 1 pointed distally. Length 5.4 mm. 

5th IN ST AR ( Text-fig. 1N-Q ): Antenna 5-segmented, first flagellar 
segment having divided into two (Text-fig. 1N) ; pre mental setae still 
1 + 1, a few lateral spiniform setae present; distal margin of prementun 
formed into a number of crenations, each bearing a claviform seta ; 
palpal setae 3 & 3, 3rd seta added at the base, distal margin of palpus 
differentiating into two lobes, the outer comprises 4 teeth while the 
inner one formed into a curved hook (Text-fig. 10 ), tarsi (Text-fig. 1P) 
2-segmented; caudal lamellae further broadening proximally becoming 
ribbon-like ( Text-fig. 1Q). Length 6.3 mm. 

6th INST AR (Text-fig. 2A-E): Antenna 6-segmented, first 
flagellar segment having divided into two (Text-fig. 2A.) ; pre mental 
setae 1 + 1; palpal setae 3 & 3, distal margin of palpus further 
differentiated into two lobes ( Text-fig. 2B & C ) ; rudimentary paired 
wing buds appear. Tarsi 3 segmented; tibial comb comprises a few 
tridentate setae while the tarsi beset with pectinate setae (Text-fig. 2D). 
Oaudallamellae becoming foliaceous (Text-fig. 2E). Length 7°5 mm. 

7~h INST AR (Text-fig. 2F-J ): Antenna 7-segmented, last flagellar 
segment having divided into two (Text-fig. 2F), thickly beset with setae. 
Premental setae 1J+21, a few setella present mesially, row of spiniform 
setae present laterally; paplal setae 4 & 4, last one being added toward 
the base, inner lobe at distal margin of palpus comprises a number of 
teeth, outer hook-like (Text-fig. 20 & H). Wing buds cover 1st abdominal 
segment. Tarsi 3-segmented, beset with row of pectinate setae (Text
fig. 21). Female gonapaphyses ap pear as paired triangular structures 
mesoventrally on 9th abdominal segment (Text-fig. 2J). Oaudal lamellae 
becoming more foliaceous, post-nodal region having enlarged and 
becoming rounded, narrow at apex, anti-nodal region beset laterally with 
a row each of spiniform setae. Length 8·5 mm. 

8th INSTAR (Text-fig. 2K-O): Larvae acquire characteristic 
appearance of the species because of change in shape and appearance of 
caudal lamellae. Colour olive-green to brownish due to some mottling. 

Antenna 7-segmented becoming larger than the I preceeding instar. 
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Premental setae 18 + 31 ; a number of lateral spiniform setae present; 
palpal setae 5 & 5, last added at base, distal margin of palpus with outer 

nil :~~. ~~~ J1 r v. 
-".' . \ 'I" .~ , 1 .1_ J 

. , 
. , 

Text-fig. 2.-Life history of O. cO'l"omandelianum (Fabr.): (A-E) 
6th Instar (A, antenna; B, Labium; 0, enlarged view distal 
margin of palpus ; D~ tibial comb and ta.rsi, E, epiproct) ; 
(F-J) 7th Instar (F, antenna; G, labium, H, enlarged view 
distal margin of palpus; I, tibial comb and tarsi, J, female 
gonapophyses); (K-O) 8th Instar (K, labium, L, enlarged 
view distal margin of pal pus; 1\1, tibial comb and tarsi ; N, 
female gonapophyses; 0, epiproct). 

lobe formed into 6 small teeth, inner in the form of a distinct curved 
hook (Text-fig. 2K & L). Hind wing buds reach upto middle of 2nd 
abdominal segment. Number of setae in tibial comb and on tarsi 
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increasing further (Text-fig. 2M). Female gonapophyses developing 
further; paired anterior appendages distinct on the distal side of 8th 

A 

Text-fig. 3.-Life history of C. coromandelianum (Fabr.): (A-C) 
9th Instar (A, antenna; B, tibial comb and tarsi: 0, 
epiproct); (D-I) 10th Instar (D, antenna, E, labium; F, 
enlarged view distal margin of palpus; G, tibial comb and 
tarsi; H, female gonapophyses; I, epiproct); (J-N) 11th 
Instar (J, labium, X, enlarged view distal margin of palpus; 
L, tibial comb and tarsi; M:, female gonapophyses; N, 
epiproct). 

abdominal segment (Text-fig. 2N). Distal side of caudal lamellae 
becoming further rounded in shape (Text-fig. 20). Length 9-7 mm. 
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9th INSTAR (Text-fig. 3A-C): Antenna further increasing in length 
(Text-fig. 3A). Premental setae 14 + 41 , row of lateral spiniform setae 
present on prementum, distal margin of pre mentum formed into 
crenations, each beset with a claviform seta. Hind wing buds extend 
upto the end of 2nd abdominal segment. Tibial comb and tarsi thickly 
beset with tridentate and pectinate setae respectively (Text-fig, 3B). 
Anterior lobe of female gonapophyses extending up to middle of 9th 
segment while posterior lobes reach distal to 10th segment. Oaudal 
lamellae mottled, beset with spiniform setae in the antinodal region 
(Text-fig. 3C). Length 10.8 mm. 

10th INST AR (Text-fig. 3D-I): Premental setae 15 + 51; palpal 
setae 6 & 6, last seta added at base, distal margin of palpus with outer 
lobe formed into a number of teeth (Text-fig. 3 E & F). Hind wing buds 
further extending upto "middle of 3rd segment. Number of tridentate 
setae on tibial comb and pectinate setae an tarsi futher increasing 
(Text-fig. 3G). Anterior lobe of female gonapophyses extending upto 
distal half of 9th segment and the posterior lobe distinctly distal to 10th 
segment (Text-fig. 3H). Oaudal lamellae almost napifDrm in shape, 
post-nodal region mottled, rounded with narrow apex (Text-fig. 3H). 
Length 12·0 mm. 

Oolour: becoming further dark brownish green, sienna an head, 
abdomen; caudal lamellae brownish mottled with dense pale spots. 

11th INST AR (Text-fig. 3 J-N): Antennae piliform; 7-segmented, 
sparsely beset with setae. Pre mental setae 15 + 51, row of lateral spini
form setae present in the distal half, and a group of setae also present 
mesoapically on prementum ; palpal setae 6 & 6 (Text-fig. 3J), outer 
lobe of distal margin of palpus with a number of saw-like teeth (Text
fig. 3K). Hind wing bud completely covers three abdominal segments. 
Anterior lobe of female gonapophyses developed further and extends 
distally to 10th segment, posterior lobe narrow) pointed apically and 
reaches almost same length as anterior ones (Text-fig. 3M). Tibial 
comb and tarsi, with scattered tridentate setae on tibial comb and paired 
row of pectinate setae on tarsi (Text-fig. 3L). Oaudallamellae duplex, 
almost oval with a small process apically; distinctly mottled, brownish 
and pale spots scattered over its whole surface; tracheae densely 
traversing obliquely throughout the surface of lamellae; beset with 
spiniform setae in anti-nodal region (Text-fig. 3N). Length 13.6 mm. 

12th or LAST INSTAR: As described elsewhere (KUMAR~ 1973b). 
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BIOLOGY 

O. coromandelianum is a common species in the foothills of W. 
Himalaya almost throughout the year around slow running marshy 
streams, and perennial and seasonal monsoon ponds in the sub-monta
neous tracks. Adults hover lazily amidst the vegetation around the 
aquatic habitats. 

Larval development is rapid and the summer and monsoon broods 
are each completed in almost 2 months. It is a multivoltine species 
(KUMAR, in press) and the first batch of adult emergence occurs in 
March-April from perennial ponds. After being on the wing for a 
while, adults oviposit in the same biotopes. Larval develoPlnent is 
completed about 2 month's time and the 2nd batch of emergence from 
perennial ponds place in May-June (Rafer to the breeding record 
presented in this paper, Table I). Around this time a number of ephe-

TABLE 1.- Breeding Record (1976) of 3 larvae of Oeriagrion coromandeZianum (Fabr.) 

Eggs collected on 19. i v. 1976 
Eggs hatched on 2. v. 1976 

Instar Larva I Larva II Larva III 

Date of Duration Date of Duration Date of Duration 
entry (in days) entry (in days) entry (in days) 

2nd 3.v.1976 2 2.v.1976 2 6.v.1976 3 

3rd 5.v.1976 3 4.v.1976 3 9.v.1976 4 

4th B.v.1976 2 7.v.1976 3 13.v.1976 5 
5th 10.v.1976 3 10.v.1976 3 1B.v.1976 4 

6th 13.v.1976 4 13.v.1976 3 22.v.1976 3 
7th 17.v.1976 3 16.v.1976 3 25.v.1976 3 
Bth 20.v.1976 2 19.v.1976 4 2B.v.1976 3 
9th 22.v.1976 3 23.v.1976 3 31.v.1976 8 

10th 25.v.1976 5 26.v.1976 2 2.vi.1976 5 
11th 30.v.1976 5 28.v.1976 3 7.vi.1976 6 
12th 4.vi.1976 3 31.v.1976 6 13.vi.1976 5 

Emergence B. vi.1976 6.vi.1976 18.vi.1976 

Total number of days 51 49 61 
(from oviposition to 
emergence) 

meral monsoon ponds are also formed with the advent of s. W. 
monsoons. The next batch of eggs is laid now either in perennial or 
monsoon ponds and the 3rd batch of emergence occurs in September
October. Monsoon ponds starts drying up by the time the above larval 
generation is completed and hence are not available for another larval 
brood. The slow running streams alsQ recede by now. The adults 
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which have emerged in the September-October period lay another 
batch of eggs after being on the wing for a few weeks. The eggs are 
laid now in aquatic vegetation either in slow-running streams or in the 
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perennial ponds. Larval development of this brood is sloweq, down 
considerably with the advent of winter and is completed in 5-6 1l1onths~ 
thus postponing the next emergence till March-April of the following 
year. O. Ooromandelianum is thus able to complete 3 larval generatiQns 
in a year with a slight overlapping of summer and winter brQods, 

sa 
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SUMMARY 

Life history of Oeriagrion coromandelianum (Fab.) has been studied 
in the field and laboratory. Specimens were reared from egg to adult. 
The principal changes in external morphology in different instars and 
the characters which are helpful in distinguishing various ins tars are 
described in detail. The seasonal regulation of the species has also 
been studied in the field. 
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CHROMOSOME NIJMBERS IN INDIAN' COLEOPTERA 

By 

PARMJIT S. DUA and R. K. KACKER 

Zoological Survey of I naia, Oalcutta 

(With 1 Text-figure) 

INTRODUCTION 

The need of comprehensive and upto-date list of the chromosome 
numbers of Coleoptera was realised by Smith (1953), who provided a 
valuable list to coleopteran cytol?gists from the published literature. In 
1960, Smith added about 472 species and about 178 genera. 
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The aim of this compilation is to document the chromosome 
numbers of only Indian Coleoptera which will be of considerable value 
to the cytologists and cytotaxonomists working on Indian material. 
Efforts have been made to incorporate all the available chromosome 
information of Coleoptera whether published or otherwise. 

The total number of Indian Coleoptera known chromosomally stands 
approximately 289 species of 146 genera under 19 families. 

As far as possible the genera have been arranged phylogenetically as 
given in Ooleopterorum Oatalogus, Fauna of British India and Leng's 

Oatalogue (1920), whereas species have been arranged in alphabetical 
order. Families have been arranged according to Crowson (1960). 

The name of the species is followed by the sex of the species studied 
and the diploid chromosome number. The sex chromosomes in males 
have been indicated in symbols; 'XY' which symbolyses indistin
guishable sex chromosomes, 'Xyp' and 'Xyr' indicate comparatively 
smaller 'V' chromosome and its association in meiotic metaphase with 
the 'X' is either like parachute (p) or end to end (r) respectively. The 
'Xy' symbol indicates where association between the sex chromosomes 
is not known. 'Neo-XY' is a derivative form. 'XXV' and 'Xyy' are 
multiples of 'X' and 'v' respectively. 'XO' symbol is used where 'y' 
chromosome is absent. 

The authors feel grateful to Dr. S. Khera, Joint Director-in-Charge, 
Zoological Survey of India for his keen interest and facilities, and Prof. 
S. P. Ray-Chaudhuri, Emeritus Scientist, I. C. A. R.~ Genetics Research 
Unit, Calcutta University, Calcutta, for his valuable suggestions. We 
are also thankful to Dr. T. Sengupta, and the staff of Coleoptera Section 
of Zoological Survey of India, Calcutta, for their help in identification of 
our material. 
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TAXONOMIC 
OATEGORY 

DIPLOID 
NUl\iBER OF 

SEX 
CHROl\iO-

CHROl\iO- SOl\iE 
SOl\iES 

(2n) 

261 

REFERENCE 

ADEPHAGA : CARABOIDEA 

1. CICINDELlDAE 

CICINDELINI 

Oicindela catena Fabricius d' 23 
[6-punctate Fabricius] & 23 

XXY 
XXV 

2. CARABIDAE 

SubfamUy CARABINAE 

CARABIN1 

Oalosoma orientale Hope 027 

SCARITINI 

Scarites indu8 Olivier 

Subfamily HARPALINAE 

CHLAENIlN1 
Ohlaeniu8 neelgheriensis 

Guerin 
O. pangagaeoides 

Chaudoir 
o. xanthopilus 

(Wiedemann) 
Anoplogenius 

microgonus Bates 

HARPALINl 

H arpalus indicola 

Bates 
Bradybaenus jestivus 

Dejean 

& 15 

&35 

035 

034 

d' 38 

c! 37 

&37 
036 

XO 

XO 

xo 

XO 

Xyp 

Xyp 

XO 

XO 
XY 

Dasgupta, 1967 
Joneja, 1960 

Dasgupta and Cha
krabarti, 1972a, 1973 

Dasgupta and Cha .. 
krabarti 1972a, 1973 

Dasgupta and Cha
krabarti, 1972a, 1973 
Agarwal, 1969a, f 

Lahiti and Manna, 
1969 
Manna and Lahiri, 
1972 

Dasgupta and Cha
krabarti, 197~a, 1973-
Joneja, 1960 
Dasgupta and 
Chakrabarti, 1972a, 
1973 
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TAXONOI\{IO 
OATEGORY 

PANAGAEINI 
Oaspedophorus 
angulatus Fabricius 

BRACHININI 
Pheropsophus 
bimaculatus (Linnaeus) 
p. catoirei Dejean 

p. occipitalis Macleay 
ANTHIINl 
Anthia swguttata 
(Fabricius) 

DIPLOID 
NUI\iBER OF 

CHROl\{O
SOMES 

(2n) 

012 

035 
035 

027 

d' 36 

035 

SEX 
CHROl\{O

SOME 
REFERENOE 

XY 

xo 
XO 

XO 

Dasgupta and 
Chakrabarti, 1972a, 
1973 

Agarwal, 1960b 
Joneja, 1960, Agarwal, 
1962 
Dasgupta and 
Chakrabarti, 1972a, 
1973 

"XY" Joneja, 1960 

XO Asana, et al., 1942. 

3. DYTISClDAB 

Subfamily HYDATlCINAE 
HYDATICINI 
H ydaticus jabricii 041 XO Joneja, 1960 
Macleay 
H. leander Rossi 045 XO Joneja, 1960 
BRETlNI 
Eretes sticticus 041 XO Joneja, 1960 
(Linnaeus) 
Subfamily CYBISTRINAB 
Oybister limbatus 043 XO Dasgupta, 1963 
Fabricius 

POL YPHAGA : HYDROPHILOIDEA 

4. HYDROPHILIDAE 
Subfamily HYDROPHILINAB 
HYDROPHILINI 

Sternolophus rUfipes 
Fabricius 

o ~ 18 Xyp: 
XX Agarwal, 1960a. 
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TAXONOMIO DIPLOID SEX 

OATEGORY NUf\{BER OF OHRO~lO- REFERENCE 

CHROl\{O- 801VIE 

SO!\lES 
(2n) 

H ydropkilu8 indicU8 0'30 Xyp Manna and 
Bedel Lahiri, 1972 

Hydrou8 acuminatu8 0'30 Xy Asana et al., 

Motschulsky 1942 
H. indicU8 Bedel 0'30 Xyp Agarwal, 1960a 

BEROSINI 
Berosus indicU8 018 Xyp Agarwal, 1960a, c 
Motschulsky 

STAPHY LIN OIDEA 

5. STAPHYLINIDAE 

Subfamily STAPHYLININAE 
xANTHOLININI 

Platypro8opus 0'20 Xy Yadav and PilIai, 
tamulus Erjchson 1 1975a 

SCARABAEOIDEA 

6. SCARABAElDAE 
Subfamily COPRlNAE 
SCARABAEINI 

Gymnopleurus cyaneus 0'20 Xyp Kacker, 1976 
(Fabricius) 
G. koeniqi (Fabricius) &'20 Xyp Dasgupta, 1963 
G. sinuatus (Olivier) 018 Xyp Manna and Lahiri, 

1972 
COPRIN1 

Oatkarsius molo88uS 020 Xyp Joneja, 1960, Manna 
(Linnaeus) and Lahiti, 1972 

020 Xy Kacker, 1970 
O. pitkecius (Fabricius) 020 Xyp Joneja, 1960, Manna 

and Lahiri, 1972 
020 Xy Dasgupta, 1974 

O. sagax (Quens) 020 Xyp Manna and Lahiri, 
1972 

Oatkarsius sp. &' 20 Xyp Manna and Lahiri, 
(near sagax) 1972 

1. PZatYfroso:pus= EZaty:prosophus (Yadav and Pillai 197581) 
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TAXONOniIC DIPLOID SEX 

CATEGORY NUJ\iBER OF CHRO~IO- REFERENOE 

CHROlvIO- SOl\IE 

S01\IES 
(2n) 

Oatnarsius sp. (f20 Xyr J oneja, 1960 
Oatharsius sp. 020 Xyp Saha and Manna, 

1971 
Orphnu8 mysoriensis (f20 Xyp Manna and Lahiri, 
Westwood 1972 
H eliocopris bucephaZus 020 Xy Manna and Lahiri, 
(Fabricius) 1972 
Oopris fricator Fabricius 0 21 XO J oneja, 1960 
Oopris sp. (f14 Xyp Manna and Lahiri, 

1972 
Onthophagus bonasus (f20 Xyr J oneja, 1960 
(Fabricius) 
O. catta (Fabricius) 0 20 Xyr J oneja, 1960 

020 Xyp or Xyr Kacker, 1970 
0'20 Xyp Manna and L~iri, 

1972 
0'20 Xy Dasgupta, 1974 

O. ilama (Fabricius) 0 20 Xyr Kacker, 1970 
O. mopsus (Fabricius) 020 Xyp Manna and Lahiri; 
(Longhomed phase, 1972 
qracilicornis Germar) 
O. remosellus Bates 020 Xyp Manna and L~hiri, 

1972 
Onthophagus sp. I 020 Xyp Manna and Lahiti, 

1972 
Ontkophagus sp. II 0'20 Xyp Manna and Lahiri, 

1972 
Onthophagu8 sp. III 018 Xyp Manna and Lahiti, 

1972 
Onthophagus sp. IV (f18 Xyp Manna and Lahiri, 

1972 
Onitis philemon (f20 Xyp J oneja, 1960 
Fabricius 
Subfamily APHOOllNAE 

APHOOINI 

AphoiJ,ius moestus 022 XytJ Yadav, 1973b 
Fabricius 
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TAXONOMIC 

CATEGORY 
DIPLOID 

NUl\iBER OF 

OHROM:O

SOnlES 
(2n) 

Subfamily HYBOSORINAE 

H ybosorus orienta lis 

Westwood 

Subfamily TROGINAE 

Trox granulatus 

Herbst 
T. omacanthus 

Harold 
Trox SPa 

020 
<3'19 

<3'20 

d' 20 

d' 20 

Subfamily MELOLONTHINAE 

Apogonia nigricans 

Hope 
Apogonia Spa nr. 
nigricans Hope 
Apogonia unistriata 

Brenske 
Apogonia sp. 
Apogonia sp. 

Apogonia sp. 
Schizonycha 

/uscescens Be 
B. ruficollis 

Autoserica 
a8samensis Brenske 
A. insanabilis 

Brenske 

020 
C 19 
019 

020 

d' 20 
e21 

0'19 
d' 20 

d' 20 

d' 30 

020 

Autoser'ica sp. c 20 
A utoserica sp. d 18 
H olotrichia llYfl,gipennis 

Blanchard d' 18 
Oephaloserica 019 
thompsoni Brst. 
OephaZoserica Spa 0 19 

SEX 
CHROl\iO
SO~IE 

Xyp 
XO 

REFERENCE 

Kacker, 1970 
Dasgupta, 1974 

Xyp Dasgupta, 1974 

x y Yadav and Pillai, 
1976c 

Xyp Yadav and Pillai, 1974c 

Xyp 
XO 
XO 

Xy 

Xyp 
XO 

XO 
Xyp 

Xyp 
Xv 
Xv 

Xvp 

Xvr 

Xv 

Xvp 
XO 

xo 

Kacker, 1970 
Manna and Lahiri, 1972 
Dasgupta, 1974 

Lahiri and Manna, 1969 

Lahiri and Manna, 1969 
Saha and Manna, 1971; 
Saha, 1973 
Yadavand Pillai, 1974c 
Manna and Lahiri, 1972 

Yadav and Pillai, 1974c 
Dasgupta, 1974 
Dasgupta, 1974 

Dua and Kacker, Unpub 

]oneja, 1960 
Dua and Kacker, 1976a 

Dua and Kacker, 1976a 
Yadavand Pillai, 1974c 

Dua and Kacker, Unpub 
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TAXONOMIO DIPLOID SEX 

OATEGORY NU~iBEROF OHROMO- REFERENOE 

OHROMO- SOME 
SOMES 

(2n) 

Subfamily RUTELINAE 

ANOMALINI 

Mimela sp. 0'20 Xyp J oneja, 1960 
Anomala bengalensis 0'18 Xy Saha and Manna, 1971 ; 
Blanchard Saha, 1973 
A. dorsalis 0'20 Xyp Agarwal, 1960a, 1962; 
Fabricius Pillai and Yadav, 1975; 

Yadav and Pillai, 1975c 
A. Zineatopennis JZO Xyp Dua and Kacker, Unpub 
Blanchard 
A. :polita Blanchard d' 20 Xyp Yadav and Pillai, 1974c, 

1975c, Pillai and Yadav, 
1975 

it. t'ujicap'illa d' 20 Xyp Kacker, 1970 Yadav artd 
Burmeister Pillai, 1974c, 1975c ), 

Pillai and Yadav, 1975. 
11. 8~pe"'fZ'Ua Arrow 0'20 Xyp Joneja, 1960 
A. varicolor 0'20 Xyp Pillai and Yadav, 1975 
(Gyllenhal) Xy Yadav and PUlai, 1975c 
A. fJestigator Arrow 0'20 Xyp PUlai and Yadav, 1975, 

Yadav and Pillai,1975c 
Anomo~a sl?,. nr, ~20 Xy Lahiri and Manna, 1969 
bio~obatQ, Arrow 
Anomola sp. 0'20 Xyp Kacker, 1970 
Anomola sp. ~20 Xyp Manna and Lahiri, 1972 
Anomola sp. ~ 18, Xyp Dua and Kacker, 1976a 

20,22 orXy 

ADORRHINYPTUNI 

Adorrhinyptia 
dorsalis (Burmeister) d'Z2 Xyp Yadav and Pillai, 19?5b, 

1976b 
Aaorrkinyptia sp. 0' 16, Xyr Saha and Manna, 1971, 

18,20 Saha, 1973 
AJ1()l\nTIm 

Aaoretus aecanus 022 Xyp Yadav and Pillai, 1975b, 
Dha~~ 197617 
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TAXONOMIO 
OATEGORY 

A. auvauceli 
Blanchard 
A. incurvatu8 
Dhaus 
A. lasiopygu8 
Burmeister 
A. limbatus 
Blanchard 

DIPLOID 
NU1\iBER OF 

OHROM:O
SOMES 

(2n) 

022 

~22 

022 

(j 22 

A. veru8tu8 Harold (j 22 

.Adoretu8 sp. d' 22 
Adoretu8 sp. d' 22 
Adoretu8 sp. d' 22 
.Adoretu8 sp. 0 22 
Adoretu8 sp. 0 22 
Subfamily DYNASTlNAE 
Oryctes rhinoceros d' 20 
(Linnaeus) 
Pentodon (j 20 
bi8piniforn8 Reitter 
Pentodon sp. (j 19 
Subfamily CHIRONINAE 

Ohiron digitatus d' 20 
(Fabricius) 

SEX 
OHROliO- REFERENOE 

SOME 

Xyp Yadav and Pillai, 1975b, 
1976b 

Xyp Yadav and P~l1ai, 1975b, 
1976b 

X yp Yadav and Pilla~~ 19.75b., 
1976b 

Xyp Yadav and Pill~l, J97.s.q, 

Xyp 

Xyp 
Xyp 
Xyp 
Xyp 
Xyp 

Xy 

Xyp 

XO 

Xy 

1976b 
Kacker, 1970, Yad,av ~p.d 

Pillai, 1975b, 1976b 
Joneja, 1960 
Yadav and Pillai, 1974c 
Yadav and Pillai, 1975b 
Yadav and P~llai, 1976b 
Dua and Kacker, Unpub 

Dasgupta, 1974 

J oneja, 1960 

Joneja, 1960 

Kacker, 1970 

BUPRESTOIDEA 

7. BUPRESTIDAE 
JULODINI 
J ulodi8 whithilli 
Sternocera laevigata 
S. nitidicollis 

d' 24 
d' 26 
d' 26 

SubfamUy PYROPHORINAE 
PYROPHORlNI 
Agrypnus fU8cipes 
Fabricius 

neo-XY 
neo-XY 
neo-XY 

ELATEROIDEA 

8. ELATBRIDAB 

xo 

Asana et al., 1942 
Asana et al., 1942 
Asana et aZ., 1942 

Banerjee, 1959 
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DIPLOID SEX TAXONOMIC 
CATEGORY NU!\1:BER OF 

CHROl\1:0-
SOMES 

CHROMO- REFERENOE 
SOME 

A. serrula (Candeze) 
Agrypnus sp. 
Agrypnus sp. 
Adelocera colonicus 
(Candeze) 
A. modesta 
Boisduval 
Adelocera sp. 
Lacon sp. 
H eteroderes 
macroderus Candeze 

(2n) 

d'17 
0'11 
0'17 
d'17 

017 

6' 17 
d'17 
0'19 

0'17 
0'34 

Subfamily ELATERINAE 
MELALONTINI 

M eZanotus longicornis 0 19 
Candeze 

XO Dua and Kacker, Unpub 
XO Kacker, 1963 
XO Dua and Kacker, Unpub 
XO Kacker, 1976 

XO Joneja, 1960, 1964 

XO 
XO 
XO 

XO 
XXO 

XO 

Manna, and Lahiri, 1972 
Dua and Kacker, 1976a 
Agarwal, 1960a, 1962 

Manna and Lahiti, 1972 
Manna and Lahiti, 1972 

Manna and Lahiri, 1972 

M elanotus sp. 0' 21 XO Dua and KacKer, Unpub 

CANTHAROIDEA 

9. CANTHARIDAB 

CANTHARINI 
Oantkaris tenuicollis d' 20 Xyp Yadav, 1973b 
Pallas 
Oantharis sp. d' 20 Xyp Yadav, 1973b 

Subfamily DERMESTINAE 
DERMESTINI 

DERMESTOIDEA 

10. DERMESTIDAE 

Dermestes maculatu8 
DeGeer 

J'18 Xy+I-3 Shaw, 1968 

Subfamily ANTHRENINAE 
ANTHRENINI 
AnthrenU8 jasciatu8 ~ 18 
Herbst 

sepernumerary 
v-chromosomes 

Xyp Yadav, 1973b 
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TAXONOl\iIO 
OATEGORY 

DIPLOID 
NU~rBER OF 
CHRO~iO

SO~iES 

(2n) 

SEX 
CHR01\iO

SOME 
REFERENCE 

Sinoxylon anale 

Lesne 
BostrycMpsis 

bengalensis (Lense) 

BOSTR YCHOIDEA 

11. BOSTRYCHIDAE 

&'20+1 Xyp 
Supernumerary 
&'20 Xyp 

CUCUJOIDEA 

12. COCCINELLIDAE 

Manna and Lahiri, 1972 

Manna and Lahiri, 1972 

Subfamily COCCINELLINAE 
COCCIDULINI 

Suminus 
cardoni Weise 

CHILOCORlN1 

Ohilocorus nigritus 

(Fabricius) I 
Exochomus 
lituratus Gorham 

E. uropygialis 

Mulsant 
Brumus suturalis 

(Fabricius) 

SYNONYCHINI 

M enonchilus 
sexmaculatus 

(Fabricius) 
Verania cardoni 

Weise 
V. discolor 

(Fabricius) 

&'18 Xyp 

cr22 Xyp 

cr18+0 neo-Xy 
-4 
Supernumerary 
cr16 

d'18 

620 

&'20 

&'20 
&' ~ 20 

neo-Xy 

Xyp 

Xyp 

Xyp 
Xyp: 
XX 

Manna and Lahiri, 1972 

Yadav and Pillai, 1974c 

Smith, 1965, 1966 

Smith 1965, 1966 

Yadav and Pillai, 1974c 

Agarwal, 1960a, Yadav and 
Pillai, 1974c 

Yadavand Pillai, 1974c 

Manna and Lahiri, 1972 
Dua and Kacker, Unpub 

2. Ohilocorus nigritus=Braeti nigritus (Yadav and Pillai 1974c) 



270 

TAXONOM]C DIPLOID 
CATEGORY NU!\IBER OF 

OHROMO-
SOnIES 

(2n) 

COCClNELLINI 

Ooccinella repanda c! ~ 20 
Thunberg 
O. septempunctate 0'10 
Linnaeus d' 20 

O. transversalis 0' 20 
Fabricius 0'20 

PSYLLOBORINI 

IlZeis cincta 0' 20 
(Fabricius) 
I. indica d' ~ 20 
Timberlake 
Thea d' 20 
bisoctonotata Mulsant 

Subfamily EPILACHNINAB 

Epilachna d' ~ 18 
chrysomelina 
orientalis Zimmermann8 

E. dodecastigma 0 20 
(Wiedemann) 

d'12, 14 
d'14 

E. septima Dieke d' 20 
E. vigintioctopunctata d' 18 

(Fabricius) 

Afis8a parvula d' 18 
(Crotch) 

Reoord8 0/ the Zoologf,'cal Survey a/India 

SEX 
OHRO:\IO- REFERENOE 

SOME 

Xyp: 
XX 
Xyp 

Xy 
Xyp 

Xyp 

Xyp: 
XX 
Xyp 

XY: 
XX 

Xyp 

Xyp 
Xyr 
Xyp 
Xyp 

Xyp 

Agarwal, 1960a, 1961 

Nath, et aZ., 1951, Sharma 
et aZ., 1959, Agarwal, 196Da, 
1961, Manna and Lahiri, 
1972 
Dua and Kacker, 1975, 
Manna and Lahiri, 1972 

Yadav and Pillai, 1974.c 

Dua and Kacker, 1975 

Yadav and Pillai, 1974c 

Agarwal, 1960a, 19.61 

Lahiri and Manna, 1969 

Saha and Manna, 1971 
Saha, 1973 
Kacker, 1973 
Bose, 1948,Agarwal, 1961, 
Yadav and Pillai, 1974c 
Dua and Kacker, Unpub. 
Kacker, 1976 

13. TENBBRlONlDAE 
Subfamily ERODIINAE 

Spyrathus sp. d' 20 
Spyrathus sp. affin d' 20 
maindroni Vauloger 

Xyp 
Xyp 

Yadav and Pillai, 1974c 
Yadav and Pillai, 1974d 

3. EpiZachna chrysomeVi'na or.ientalis= ejJil~o~ orientalis ("~arw~lJ 1960a, 1961) 
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TAXONOM:IC 
OATEGORY 

DIPLOID 
NU!\{BER OF 

OHROMO
SOMES 

(2n) 

Subfamily EPITRAGINAB 
HimatismU8 0 20 
fasciculatus Fabricius 

Subfamily TENTYRIINAB 
Hyperop8 0 20 
coromandelensi8 Solier 

M esostena linea top- 0 20 
unctata Kraatz 
Pachycera atre Herbst 0 20 

Rhytinota sp. 
Sphenariopsis 
impolita Fairmaire 
S. tristis Kraatz 
Oxycara mellyi 
Fairmaire 

020 
020 

020 
020 

Subfamily PlMELUNAE 
PimeZia inexpectata 018 
Sen 
Subfamily PEDININAB 

Platynotus excavatus 
Fabricius 

P. punctatipennis 
Mulsant 
Pseuiloblaps mellyi 
Mulsant 

020 

C' 20 
0'20 

020 

M esomorphus villiger d' 19 
Blanchard 

Subfamily OPATRINAE 

Scleron granulipenne 0 22 
Fairmaire 
B. teitteri Geb. 
Sclero"" sp. 

~22 

0 20 

SEX 
CHRO!\{O
SO~{E 

Xyp 

Xyp 

Xyp 

Xyp 

Xyp 
Xyp 

Xyp 
Xyp 

Xyp 

Xyr 

Xyp 
Xyp 

Xyp 

XO 

Xyp 

Xyp 
Xyp 

REFERENOE 

Dasgupta and Chakra
barti, 1973, Dasgupta, 
1975 

Dasgupta and Chakra
barti, 1973, Dasgupta, 
1975 
Yadav and Pillai, 
1974, c, d 
Dasgupta and Chakra
bartL 1973, Dasgupta, 
1975 
Sharma et al., 1973 
Yadav and Pillai, 1974c 

Kacker, 1976 
Yadav and Pillai, 1974c 

Yadav and Pillai, 1974c,d 

Dasgupta and Chakra.
barti, 1973 
Dasgupta, 1975 
Kacker, 1976 

Yadav and Pillai, 1973a 

Yadav and Pillai, 
1974c,d 

Yadav and Pillai, 1974d 

Yadav and Pillai, 1973a 
Shank~t'apt1a, 1971 
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TAXONO~iIC 

CATEGORY 

Gonocephalum 
bilineatum Walker 
G. depres8um 

Fabricius 

G. dorsogranosum 

Fairmaire 

DIPLOID 
NU!\iBER OF 

OHROl\1:0-
SOMES 
(2n) 

020 

020 

020 

G. elongatum Guerin c 20 
G. hoffmannseqqi 020 
Steve 
G.oblongum 020 
Fabricius 
G. parallelum Kaszab 020 

G. tuberculatum 020 
Hope 
G. vagum Steve 020 
Gonocephalum sp. 0 20 
Gonocephalum sp. 0 20 
Opatrum bilineatum 0 20 
Walker 
Opatroides vicinum 0 20 
Fairmaire is 21 

020 

Subfamily ULOMINAE 

Tribolium c 20 
castaneum Herbst 
Alphitobiu8 c 19 
diaperinu8 (Panzer) 
Alphitobius sp. 020 

Subfamily COSSYPHINAB 

OoSSyphU8 0 18 
aepressu8 (Fabricius) 

Records of the Zoological Survey oj India 

SEX 
CHRO~iO

SO!\1:E 

Xyp 

Xyp 

Xyp 

Xyr 
Xyp 

Xyp 

Xyp 
Xyr 
Xyp 

Xyp 
Xyp 
Xyr 
Xyp 

Xy 
Xyy 
Xyp 

REFERENCE 

Yadav and Pillai, 1973a 

Joneja, 1960, 1961 ; Saba 
and Manna, 1971 ; Shank
arappa, 1971, Dasgupta 
and ChakrabartL 1973. 
Yadav and Pillai, 1974c, 
Dasgupta, 1975 
Yadav and Pillai, 1974c, d 

Agarwal, 1960a, d 
Yadav and PilIaL 1974c, 

Yadav and PiIlai, 1974c,d 

Yadav and Pillai, 1974c, 
Yadav and Pillai, 1974d 
Yadav and Pillai, 1974c 

Yadavand PUlai, 1973a 
Lahiri and Manna, 1969 
Saha and Manna, 1971 
Kacker, 1968 

Dutt, 1953 
Sharma et al., 1973 
Yadav and Pillai, 1974b, c 

Xyp Sharma et al., 1973 

XO Sharma, et al., 1973 
Y ada v and Piliai, 1974c, d 

Xyp Joneja, 1960 

Xyp Kacker, 1968, Yadav and 
}lillai, 1974d 



OUA and KACKER: Ohromosome in Indian Ooleoptera 273 

TAXONO~IIO DIPLOID SEX 
OATEGORY NUMBER OF CHROl\10- REFERENCE 

OHROMO- SOl\IE 
SOMES 

(2n) 

SubfamUy TENEBRIONIAE 

Derosphaerus 020 Xyp Manna and Lahiri, 1972 
cribrum Fairmaire 

Subfamily AMARYGMINAE 
H oplobrachium 022 Xyp Manna and Lahiri, 1972 
asperipenne Kacker, 1973 
Fairmaire 

14. MELOIDAE 
Subfamily MELOINAE 
EPICAUTINI 
Psalydolytta sp. nr. &20 Xyp Kacker, 1976 
rouxi Laporte 
MYLABRINI 
M ylabris balteata Pallas 0' 20 Xyr Dasgupta, 1974 
M. himalayica Saha 022 Xyp Dua and Kacker, 1976 
M. maeilenta Marseul 022 Xyp Joneja, 1960 
M. phalerata Pallas 4 022 Xyp Yadav, 1973b 

022 Xyr Dasgupta, J1974 
0 22 Xyp Saha and Manna, 1971, 

Manna and Lahiri, 
1972. Yadav et al., 1974 

M. puatulata Thunberg 0 22 Xy Asana et al., 1942 
&22 Xyp Yadav, '1973 b, Yadav, 

et al., 1974 ; Dua and 
Kacker, 1975 

M. thunbergi Pallas 0' 22 Xyp Agarwal, 1960 a, 
Xy Agarwal, 1962 

LYTTINI 
Lytta pieta Cast. &20 Xyp Dasgupta, 1974 
Oyaneolytta sp. 0' 20 Xyp Kacker, 1976 
Sybaris paraeustus 0' 20 Xyp J oneja, 1960 
Bedt. 
S. testaceU8 (Fabricius) &20 Xyp Dasgupta, 1974 
MELOINI 
Meloe sp. 020 Xy Asana et al., 1942 

4. Mylabris phalerata = Mylabris phalerta {Dasgul?ta, 1974~):;:: Mylabri$ 'fhalcrata 

(Yadav, 1973b) 

aij 
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TAXONO:l\iIO DIPLOID SEX 
OATEGORY NUMBER OF OHRO!\iO- REFERENOE 

OHROMO- BO!\iE 
SOMES 

(2n) 

CHRYSOMELOIDEA 

15. CERAMBYCIDAE 

Subfamily CERAMBYCINAE 
Stromatium barbatum 019 XO Manna and Lahiri, 1972 
Fabricius 
Ohlorophorus 020 Xyp Kacker, 1967 
annularis (Fabricius) 
Plocaederus obes'U8 010 Nath. et al., 1951 
Gahan 
Plocaederus sp. &'18 Xy Dua and Kacker, 1976a 
Subfamily LAMllNAE 
Batocera rubus 0 20 Xyp Agarwal, 1960a 
Linnaeus Xy Agarwal, 1962 
.Apomecyna neglecta 022 Xyp Manna and Lahiri, 1972 
Pascoe 

16. BRUCHIDAE 

Subfamily BRUCHINAE 
Oallosobruchus anaZis &'20 Xyp Sharma et al., 1967c 
(Fabricius) 0' ~ 20 Xyp: Y~dav, 1969, 1971a 

XX 
O. chinensis 020 Xyp Sharma et al., 1967c 
(Linnaeus) o ~ 20 Xyp: Yadav, 1969, 1971a 

XX 
O. maculatus 020 Xyp Sharma et al., 1967c 
(Fabricius) o ~ 20 Xyp: Yadav, 1969, 1971a 

XX 
Bruchus analis o ~ 20 Xyp: Agarwal, 1960a, e 
Fabricius XX 
B. pisorum Linnaeus d' 22 Sharma et al. 1967b 

o ~ 22 Xyp; Yadav, 1969, 1973c 
XX 

Bruchidius albizziae 022 Xyp Yadav, 1969 
B. auqustifrons 034 Sharma et al., 1967b 
B. aureus Arora 020 Xyp Yadav, 1969, 1973c 
B. dimorphous 020 Xyp Yadav, 1969 
B, mimosae 0'22 Xy!? Yadav, 1969 
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TAXONOMIC 
OATEGORY 

B. multilineoZatus 
(Pic) 
B. saundersi (Jek) 

DIPLOID 
NUl\1BER OF 

OHROl\iO
SOl\iES 

(2n) 

&20 

d ~ 20 

B. urbanus (Sharp) c 20 
Bruchidius sp. c 22 
Oonioobruchus c 20 
indicus (Pic) 
Specularius ~ ~ 22 
mainaroni (Pic) 

Subfamily AMBLYCERINAB 

SpermophagUB (3'32 
latescenta Arora & 32 

Subfamily PACHYMERINAB 

Oaryedon acaciae 0 18 

O. gonagra 

Fabricius 

O. lineatonota 

. O. longus 
O.opacus 
O. prosopisus 
O. serratus 
Oaryedon sp. 
Pachymerus chinensis 

Linnaeus 

d18 
d ~ 18 

d18 
&'20 
d 18 
d18 
c18 
d18 
c 20-26 

d' 20 

SEX 

CHROMO- REFERENCE 
S01\iE 

Xyp Yadav, 1969, 1973c 

Xyp: Yadav, 1969, 1973c 
XX 
Xyp 
Xyp 
Xyp 

Xyp: 
XX 

Xy 
Xyp 

Xyp 

Xyp 
Xyp: 
XX 
Xyp 
Xyp 
Xyp 
Xyp 
Xyp 
Xyp 
Xyp 

Xyp 

Yadav, 1969 
Sharma et aZ., 1967b 
Yadav, 1969, 1973c 

Yadav, 1969, 1973c 

Yadav, 1969 
Yadav, 1973c 

Sharma et al1967a, 
Yadav, 1973a 
Sharma et al., 1967a 
Yadav, 1969, Kacker, 
1973 
Yadav, 1969 
Yadav, 1973a 
Yadav, 1969, 1973a 
Yadav, 1969, 1973a 
Yadav, 1973a 
Yadav, 1973a 
Sharma et ale 1967a 

Agarwal, 1960a, e 

17. CHRYSOMBLIDAB 
Subfamily SAGRINAE 

Sagra femorata Drury c 16 
Subfamily CRIOCERINAB 
Lema lacordairei Baly c 20 
L. nigro-frontalis c 16 
Clark 
L. praeusta Fabricius c 16 

Xy Yadav, 1971b 

Xy Dua and Kacker, 1975 
Xyp Yadav and Pillai, 

1974a 
Xyp Yadav andPillai, 1974a 
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TAXONOMIC 
CATEGORY 

DIPLOID 
NUI\1:BER OF 

CHROl\1:0-
SOl\1:ES 

L. rufo-testacea Clark 
Lema sp. 
Orioceris impressa 
Fabricius 

Subfamily CLYTRINAB 

M eriZia lunulata 

Fabricius 

Olytra succincta 
Laccordaire 
Diapromorpha paZlens 

(Olivier) 
D. turcica Fabricius 

(2n) 

&'14 
&'16 
&'20 

&'22 

&'40 

022 
&'22 
&'23 

Subfamily CRYPTOCBPHALINAE 

Oryptocephal'Us anaZis &,30 

Olivier 
O. sexsignatus &,30 

Fabricius 
Oryptocephalus sp. (15) d' 30 
Oryptocephalus sp. (19) &,30 

Subfamily EUMOLPINAE 

o olaspo8oma auripenne 
Motschulsky d'16 

O. ornatum Jacoby d'16 
O. fujipes Jacoby 016 

O. semicostatum cr 16 
Jacoby 
Oolasposoma sp. 016 

Oorynodes modestus d' 30 
Jacoby 
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SEX 
CHROM:O

SOl\1:E 
REFERENOE 

Xyp 
Xyp 
Xyr 

Yadav and Pillai, 1974a 
Kacker, 1976 
Saha andManna,1971; 
Saha, 1973 

X+y+y Dasgupta and 
Chakrabarti, 1972b; 
Dasgupta, 1973 

Xy Yadav, 1971b 

Xy Dua and Kacker, 1975 
X+y Yadav, 1971b, 1976 
X+YIYI Yadav, 1971b, 1976 

Xyp Yadav, 1971b 

Xy Kacker, 1976 

Xyp Yadav,1971b 
Xyp Yadav, 1971b 

Xyp Yadav and Pillai, 
1976a 

Xyp Yadav, 1971b 
Xyp Dasgupta and 

Chakrabarti, 1972b, 
Dasgupta, 1973 

Xyp Yadavand Pillai,1976, 
Dua and Kacker, Unpub 

Xyp Dasgupta and 
Chakrabarti,. 1972, 
Dasgupta, 1973 

Xyp Yadav, 1971b 
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TAXONOMIO 

OATEGORY 

DIPLOID 

NU!\{BER OF 
OHRO~{O

SO~{ES 

(2n) 

O. peregrinus Fuessly 0' 30 
0'28 

Subfamily GALERUCINAE 

Oides bipunctata 0' 17 
Fabricius 
Aulacophora cincta 

(Fabricius) 030 

A. foveicoZlis (Lucas) 0' 30 
030 
d' 30 
0'59 

A. intermedia 0 30 

Jacoby 

Galerucella birmanica 

(Jacoby) 
Peridea sp. 

d' 57 

3' 34 
0'40 

Subfamily ALTICINAE HALTlCINAE 

SEX 
CHR01\{O

SO~{E 

REFERENCE 

Xyp Yadav, 1971b 
Xy Manna and Lahiri, 1972 

XO 

Xy 

Xy 
Xyp 
XXv 

Xy 

XXv 

Xyp 
Xy 

Kacker, 1976 

Dasgupta and Chakra
batti, 1972b, Dasgupta, 
1973 
Nath et al., 1951 
Saha and Manna, 1971 
Yadav, 1971b 
Manna and Lahiri, 
1972, Dua and Kacker, 
Unpub 
Dasgupta, 1963 

Manna and Lahiri, 
1972, Kacker, 1976 

Yadav, ~971b 
Kacker, 1976 

Hyphasoma sp. 0' 22 Neo- Xy Kacker, 1976 

Podontia quatuordecim-

punctata Linnaeus c 36 

Ophrida marmorea 

Wiedemann 
Altica = H altica 
caerulescens Baly 

0'32 
3'24 

A. coerulea is 23 

Olivier 
d' 24 

Altica sp. d' 22 
Subfamily HISPINAE 

Estigmena chinensis Hope d' 18 

Xy 
X+y 

X+y 
Xyp 

Xyp 

Manna and Lahiri, 1972 

Yadav, 1971b 
Yadav, 1971b 

Kasturibai and 
Sugandhi, 1968 
Manna and Lahiri, 1972 
Lahiti and Manna, 1969 

Yadav, 1971b 
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TAXONG~iIC DIPLOID SEX 

OATEGORY NU~iBER OF OHROMO- REFERENOE 

OHROl\{O- SOME 
SOMES 

(2n) 

Dactylispa atkinsoni 016 Xyp Kacker, 1976 
Gestro 
Hispa armigera Olivier 012, 18 Xy Saha and Manna, 

1971, Saha, 1973 

Subfamily CASSIDINAB 

Oalopepla leayana 6'18 Xyp Yadav, 1971b 
Latreille 
Aspidomorpka furcata 

Thunberg 0'18 Xyp Dasgupta and 
Chakrabarti, 1972b, 
Dasgupta, 1973 

A. indica Boheman d' ~ 18 Xyp: Dua and Kacker, 1975, 
XX 1976a 

A. miliaris Fabricius 018 Xyp Manna and Lahiri, 
1972 

o ~ 18 Xyp: Dua and Kacker 1975, 
XX 1976a 

Lacooptera quadrimaculata 

Thunberg 0'18 Xyp Kacker 1976 
~ 18 XX Dua and Kacker, 1975 

Glypnoca8sis trilineata 0'18 Xyp Yadav, 1973b, Yadav 
Hope and Pillai, 1975d 
Oassida circumdata 0'18 Xyp Manna and Lahiri 
Herbst 1972, Yadav 1973b, 

Yadav and Pillai, 1975d 
o. indicola Duvivier 018 Xyp Yadav, 1973b, Yadav 

and Pillai, 1975d 
Okirida bipunctata 0'18 Xyp Dasgupta and 
Linnaeus Chakrabarti, 1972b 

Dasgupta, 1973 
Ohirida sp. 036 Xyp Yadav and Pillai, 1975d 

CURCULIONIDEA 

18. API 0 NIDAB 

Subfamily APIONINAE 

Apion sp. 0'22 Xyp Manna and Lahiri, 1972 
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TAXONOM:IC DIPLOID SEX 
CATEGORY NUI\fBER OF CHROl\{O- REFERENCE 

CHROMO- SOME 
SOMES 

(2n) 

19. CURCULIONIDAE 

Subfamily BRACHYDERlNAE 
Blosyrus a8ellus ~ 22 XX Dua and Kacker, 1976a 
Olivier 
Tanymecu8 indicu8 022 Xyp Yadav, 1972, Yadav and 
Faust Pillai, 1973 b 
T. 8ciuru8 Olivier 022 Xyp Yadav, 1972 
Tanymecu8 sp. 022 Xyp Yadav, 1972 
AstYCU8 lateralis o ~ 22 Xyp : Agarwal, 1960a 
Fabricius XX 

022 Xyp Saha and Manna, 1971 ; 
Manna and Lahiri 1972 ; 
Saba, 1973 

023 XYIYa Dua and Kacker, 1975, 
1976b 

Oyla8 formicariu8 &22 Xyp Manna and Lahiri, 1972 
Fabricius 

SubfamUy OTTIORHYNCHINAE 

Myllocerus &22 Xyp Yadav, 1972 
8ub/a8ciatus Guerin 
M. 'Undecimpu8tulatu8 Faust 
mac'Ulo8u8 Westood &22 Xy)? Yadav, 1972 
M. viridanu8 &22 Xyp Dasgupta and BasUe, 1966 
Fabricius 6 

SubfamUy EREMIN1NAE 

Oorigetu8 sp. d' 22 Xyp Yadav, 1972 

Subfamily CLEONINAE 

HypoZizu8 3'44 Xyp Yadav, 1973b, Yadavand 
tr'Uncatulus Bobr. Pillai, 1973b 

SubfamUy HYLOBUNAE 
Hylobius angustus 020 Xyp Dua and Kacker, Unpub 
Faust 

5, MlIZZocerus viridanus= Ml/Zlocerus viride1f,~ (D~s~l?ta, a~~ 13p,sile, 1966) 
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DIPLIOD SEX TAXONOI\iIC 
CATEGORY NUI\iBER OF CHROl\iO- REFERENCE 

CIIROI\iO- SOl\iE 
SOMES 

(2n) 

Paramecops farinosus 

Wiedemann 032 Xyp Yadav, 1973b, Yadav and 
Pillai, 1973b 

Subfamily ERIRRHINAE 

Eckinocnemus marmoreus 

Marshall 0' 18 Xyp Yadav and Pillai, 1973b 
Eckinocnemus sp. 0' 18 Xyp Yadav, 1973b 

Subfamily GYMNETRINAE 

Alcides roelofsi Lewis6 0' 28 Xyp Dua and Kacker, Unpub 
A. westermanni Boheman 7 0'28 Xyr . Dua and Kacker, Unpub 
Alcides sp. 0'40 Xy Dasgupta, 1963 

Subfamily CRYPTORRHINCHINAE 

Desmidopkorus heZies 0 20 ~yp. Lahiti and Manna, 1969 

Subfamily ZYGOPINAE 

Ooryssomerus sp. 0'24 Xyp Yadav, 1973b 
Anobleptus sp. 024 Xyp Yadav and Pillai, 1973b 

Subfamily RHYNCHOPHORINAE 

Rkynckopkorus ferrogineus &22 Xyp Lahiri and Manna, 1969 
Oalandra Zinieris (Herbst) 0 24 Xyp Yadav, 1973b ; Yadav and 

Pillai, 1973b 
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