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ON A COLLECTION OF MAMMALS FROM BHUTAN 

By 

S. CHAKRABORTY 

Zoological Survey of India 

(One Text-figure) 

INTRODUCTION 

The Kingdom of Bhutan is situated in the heart of the Himalaya 
in its eastern part. The country spreads over an area of about 20,000 
square kilometers lying between latitudes 26°45' and 28°20' N. and 
longitudes 89°10' and 92°15' E. Nevertheless, within this limited 
space one may travel from the tropical foothills in the south to the 
perpetual snows at about 8,000 metres high peak of Kula Kangri in 
the north, from the zone of tropical rain forest to alpine vegetation 
through the temperate coniferous forests. Adverse physical -features, 
such as the rugged mountains, heavy rainfall and dense vegetation 
combined with the earlier policy of isolation, constituted a formidable 
barrier to modern exploration of Bhutan. In 1960, however, the 
King and the Prime Minister of Bhutan decided to abandon the 
country's policy of isolation. During the years 1966 (March-May), 
1967 (November-December), 1969 (January-March), Dr. B. Biswas 
of this department and his party conducted faunistic surveys of the 
tropical rain forest and temperate coniferous forest areas of eastern, 
central and western Bhutan. They collected a large number of different 
groups of animals from the region they surveyed. The present paper 
deals with the mammalian collection which consists of 104 specimens 
comprising 20 species, together with those seen in the field but not 
collected. Except for some stray reports of Pemberton (1839), Blyth 
(1842), Gray (1842), Blanford (1888, 1891), Pocock (1939, 1941), 
Ellerman (1963), Moore and Tate (1965) and Holmes (1970), the 
available information on the mammalian fauna of Bhutan is negligible. 
The results of these surveys are, therefore, of much biological interest. 
This paper aims at giving a list of mammalian species found in Bhutan, 
along with notes on their distribution, variations, taxonomic status and 
field observations. However, the list is only provisional and it is in no 
way complete, as the northern, high altitude areas are yet to be 
surveyed. 

All measurements are given in millimetres and mean values are 
given in parenthesis. Measurements of Insectivora, Chiroptera and 
Rodentia are taken after Roonwal (1949), Khajuria (1952) and Ellerman 
(1963), respectively, while those of other groups are taken after Pocock 
(1939, 1941). External measurements and weights were taken by the 
collector in the field within a few hours after the animal was killed. 
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The colours given with initial capital letters in the text have been re
cognised according to Ridgway's (1886) nomenclature. 

The following abbreviations have been used in the measurements.
External: e. = Ear; f. = Forearm; H. & B. = Head and body length; H.F.= 

Hind foot; p.= Pollex; Tl.= Tail length; t. = Tibia. 
Cranial: apf.= Anterior palatine foramina; bu1.= Bullae; cb.= Condylobasal; 

cw. = Cranial width; c' - c'. = Shortest distance between the outer surfaces of the roots 
of canines· dia.= Diastema; fr.= Frontal; io.= Interorbital; mw.= Maxillary width; 
m3-n13.=- Distance between the outer surfaces of the third upper molars; m.= Molar; 
nas.= Nasal; on.= Occipitonasal; or.= Orbit; pa1.= Palatal; po.= Postorbital; pm. 
= Premolar; Tl.= Total length; TR.= Upper tooth row; zw.= Zygomatic width. 

SYSTEMATIC ACCOUNT 

Order INSECTIVORA 

Family SORICIDAE 

Suncus murinus soccatus (Hodgson) 

1845. Sorex soccatus Hodgson, Ann. Mag. nat. Hist., 15 : 270. 
1855. Sorex heterodon Blyth, J. Asiat. Soc. Beng., 24 : 31. 

.1929. Suncus soccatu'i, Lindsay, J. Bombay nat. Hisl. Soc., 33 : 332. 
1951. Suncus murinus soccatus, Ellerman and Morrison-Scott, Checklist of Palaearctic 

and Indian Mammals:, 66. 

Material.-lo", 1~: Gaylegphug, c. 153 m., C. Bhutan; 10 Nov., 
1967. 1~: Rongtong, Manas Valley, c. 1740 m., E. Bhutan, 5 Apr., 
1966. 

Measurements: 
External.- 10": H. & B. 141; Tl. 71; H.F. 21 ; e. 13. 

2~~: H. & B. 110, 134; Tl. 66,74; HF. 18,20; e. 8,12. 
Cranial.- 10": Tl. 38.8; pal. 16; TR. 15.5; cwo 13.2. 

1~: Tl. 29.8; pal. 14; TR. 13.8; cwo 12. 
Weights.- 1 d': 51 g . 

. 2~~: 40 g., 40 g. 
Mtlmmae.-Three pairs, all inguinal. 
Seasonal variation in the nature of fur is ,veIl marked. The fur is 

short and close 'in the April specimen while very long and soft with a 
slight silvery sheen in those of November. 

This is. the first record of the genus Suncus Ehrenberg from Bhutan. 

Order CHIROPTERA 

Family PTEROPIDAE 

Rousettus leschenaulti leschenaulti (Desmarest) 

1820. Pleropus leschenaulti Desmarest, Encyd. Afeth. Mamm., 1 : 110. 
1835. Pleropus pyrivoruJ Hodgson, J. Asiat. Sore Beng., 4 : 700. 
1843. c.vnopterus marginatlts Gray, List. Mamm. Brit. Mur., 38. 
1870. Xantharp.lia se,!,i!,uda Gray, Cat. Afonke)ls, Lemurs and Frnitealing Bats, 115. 
1870. ~leutlzerura juirgrnos.a Gray, Cat. Alonke;'s, Lemurs and Frniteating Bats, 118. 
1912. Rousettus leschenallltl, Andersen, Catalogue oj the Chiroptera in the collection of the 

Brit. Mus., 1. Megachiroptera, 35. 
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Material.-3 ~~, 1 subad. ~: Panjurmane, c. 1525 m., C. Bhutan, 
11 and 12 Dec., 1967. 
Measurements: 

External.- 3 ~~: H. & B. 109, 121, 124; Tl. 12, 12, 15; f. 76, 79, 80; 
R.F. 18, 20, 20; t. 32, 34.3, 38; e. 18, 19, 19; p. 23, 
23.5, 24.2. . 

Cranial.- 2~~: cb. 40.8, 41; pal. 20.2, 20.4; ZW~ 22.3, 23; 
c'-c' 6.8, 7; m 3-m3 • 11, 11.5; cwo 15.4, 16; io. 8,8.1; 
TR. 13.4, 14. 

Weights.- 3~~: 55 g., 77 g., 80 g. 
The dorsum of my specimens fits in well with the description given 

by Andersen (1912), but the venter is Smoke Gray instead of Drab or 
Isabella colour. Also, numerous white .spots are present on the wings 
of two adult female specimens. . 

This is the first record of this species from Bhutan. 

Sphaerias blanfordi (Thomas) 
(Blanford's Fruit Bat) 

1891. Cynopterus blanfordi Thomas, Ann. Mus. Store nat. Genova, 2 :" 10 
1912. Sphaerias blanfordi, An9-ersen, Gataloge of the Chiroptera in the collection of the 

Brit. Musg. 1, Alegachiroptera: 674. 

Material.-2 e!e! : Ganglakha, c. 1860 m., W. Bhutan, 27 Jan .. , 1969. 
Measurements: 

External.- 2 cfcf: H. & B. 84, 84; f. 52, 54; H.F. 12, 12; e. 18, 19; 
t. -, 19.3; p. 17,18. 

Cranial.- 10" : cb. 26.2; pal. 13.8; zw. 18;" c'-c' 6.4; rn3-mS• 8.2; 
cwo 12.8; io. 5.4; TR. 8. 

Body is covered with very long, close, soft fur, but wings are naked. 
Base of ear white but edges are brownish and not white as stated by 
Andersen (1912). Two Buff spots are present on the chin, which were 
not mentioned in earlier description. 

According to Ellerman and Morrison-Scott (1951), thi~ species is 
known to occur in Karin Hills, Burma, a~d in Siam. The present 
specimens constitute the first record of this species from Bhutan. More
over, in the collection of the Zoological Survey of India, there is "a 
subadult female specimen of S. blanfordi from Darjeeling, West Bengal, 
and recently Bhat (1968) has reported it frQm Western Himalaya in 
the Uttar Pradesh. The range of this species, therefore, appears much 
more extensive than hitherto known. 

Order PRIMATES 

Family CERCo.PITHECIDAE 

Presby tis geei Khajuria 
(The Golden Langur) 

1956. Presby tis geei Khajuria, Ann. Mag. nat. Hist., (12) 9 : 86-88. 

Material-l 0": Panjurmane, c 1525 m., C. Bhutan, 11 Dec., 1967. 
10"': Gaylegphu c, 153 m.) C. Bhutan~ 9 Nov.~ 1967, 
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Mea.)'urements: 
External.- let: H. & B. 530, Tl. 890; H.F. 195; e. 36. 1~: H. & 

B. 505; Tl. 727; H.F. 166; e. 32. 
Cranial.- 1 et : Tl. 98; cb. 81 ; zw. 17; or. 69; mw. 30. 1 ~: Tl. 94; 

cb. 74; zw. 77; OT. 63; mw. 25. 
Compared with the male, in the female specinlen the golden tinge 

is more conspicuous, particularly on the sides and hinder part of the 
body. The same difference is also exhibited by specimens of the type
series present in the Zoological Survey of India. I t is evident, there
fore, that there is sexual dimorphism in regard to the depth of the golden 
tinge in this species. 

The male specimen is somewhat abnormal. The fingers of the 
right hand are without nails and are dwarfed. The first right upper 
premolar is absent, there being no place for it in the jaw. This animal 
was found on a terminal branch of the tree, and it was somewhat isolated 
from the troop. 

The nipples of the female specimen were very prominent and it 
was found to be pregnant. On dissection a foetus was obtained. The 
foetus is entirely hairless and cream-coloured; its hands, feet and tail 
are well developed; trace of the fold of the lower eyelid and of external 
pinna are indica ted. I t measures, vortex-coccyx 50; tail 60. 

Our knowledge of the distribution and behaviour of the Golden 
Langur has so far been due to Gee (1961) and Wayre (1968). ...~ccord
ing to them it occurs from the east of Sankosh river to the west of Manas 
river in Assam and in the Manas Wild Life Sanctuary of Bhutan just 
across Assam border. The Zoological Survey of India party observed 
P. geei in different parts of central Bhutan and collected specimens from 
far north of the known range. It will, therefore, be of interest to add 
a few lines from the collector's note as follows: 

Gaylegphug: Hardly a kilometre north of the township of Gayleg
phug a troop of the Golden Langur was seen on a Peepul (Ficus religiosa) 
tree, about 40 m. high by the side of the main road towards Tongsa. 
The troop consisted of about 18 individuals comprising of adult males, 
females, adolescents and youngs. Youngs were not clinging to their 
mothers. All were busy feeding on the berries and tender twigs of 
the tree and often leaping from branch to branch. As soon as they 
noticed the collector they began to move north-west, when a female was 
shot down. Immediately the troop began to flee but a large male 
(probably troop leader) jumped near the dead animal and howled 
loudly. A few hesitating adolescent animals were driven away by him 
while he himself occasionally moving near the dead animal and howled 
continuously. As the body was recovered by the Zoological Survey of 
India party, he went away and joined the troop. 

Local people reported that the 'Sugrib' (the local name of the Golden 
Langur) is a permanent resident of Gaylegphug forests, often roaming 
from forest to forest usually along the banks of the Ai river. 

Batase: No Golden Langur was seen here, but local people reported 
that there were many in the areas of Cardamon (Amomum aromaticum) 
plantation on the slope across the Rong river, which is surrounded by 
thick forests. There they are said to cause considerable damage to 
the cultivation. 
. Tama: On the slope of Tama Khola the Golden Langurs are 
In plenty. A troop of more than 20 individuals was seen, but owing to 
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the inaccessibility of the area, they could not be approached close 
enough. In this troop youngs were very few. 

Panjurmane: Two troops were noticed, one in the evening roosting 
on a large tree (unidentified) and other on the road in an afternoon. 
Both the troops were made up of IS to 20 individuals of all ages . 

. It is interesting to note that so far no Golden Langur has been seen, 
nor reported from the west of Sankosh river, and this agrees with the 
observation of Gee (1961) in Assam that the Golden Langur is res
tricted to the east of Sankosh river. 

Regarding the correct authorship of this species, Biswas (1966) may 
be referred. . 

Order CARNIVORA 

Family VIVERRIDAE 

Herpestes sp. 

Material.-l subad. cf : Gaylegphug, c 158 m., C. Bhutan, 9 Nov., 1967. 
Measurements: 

External.- H. & B. 257; Tl. 228; H.F. 50; e. 17. 
Cranial.- Tl. 57; cb. 57; zw. 26.5; io. 10.3; po. 13.2; mw. 9.9; 

pm4. 6x4.4; mI' 5x3.1. 
The pre sen t specimen is very peculiar as it shares th~ characters 

of both H. auropunctatus (Hodgson) and H. palustris Ghose. General 
tint is dark brown, with minute nearly Ochraceous speckling. The 
contour hairs are short. This agrees with the description of new summer 
cpat of H. auropunctatus given by Pocock (1941). The number of bands 
on the individual contour hairs is five, but a few hairs at the tail tip are 
entirely black. Muzzle is black like that of H. palustris. 

Skull without any sagittal crest. The postorbital width is greater 
than that of interorbital width. This characteristic is found in the 
subadult specimens of both H. auropunctatus and H. palustris. 

Based on the collection present in the Zoological Survey of India, 
the present specimen may be compared with H. auropunctatus (2 ~¥ : 
Golaghat, Assam; 1 ~: Goalpara, Assam; 1 d': Howrah, West Bengal) , 
and H. palustris (15cf cf; 4 ~~ : topotypes) as follows: 

Characters 

Muzzle: 
Grizzling of 

pelage: 
Coat: 
Tail tip: 

Presen t specimen H. auropunctatus 

Black Brown 

Fine Fine 
Smooth and silky Smooth and silky 
Black Concolorous with 

tail base. 

H. palustris 

Black 

Coarse 
Rough 
In 11 con color
ous wi th tail 
base hut in 
eight black 
tipped. 

In view of the fact that I have only a single subadult specimen from 
Bhutan and that I do not have sufficient comparative material of 
H. auropunctatus, the specific identification of the present specimen is 
withheld. 
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Family FELIDAE 

Felis 'bengalensis horsfieldi (Gray) 

'(The Leopard Cat) 

1842. Leopardus horsfieldi Gray, Ann. Mag. nat. Hist., '10: 260. 
1844. Felis pardochrous Hodgson, Calcutta J. nat. Hist., 4 : 260. 
1939. Prionailurus bengalensis horsfieldi, Pocock, Fauna f!j Brit. India including Ceylon 

and Burma, 1 : 271. 
1951. Felis bengalensis horsfieldi: Ellerman and Morrison-Scott, Checklist oj' Palaearctic 

and Indian Mammals: 313. 

Material.-Iar: Honka, W. Bhutan; 20 Jan., 1969. 

Measurements: 
External.- H. & B. 519; Tl. 280; H.F. 110; e. 45. 
Cranial.- Tl. 90; cb. 88; zw. 63.1; io. 15; po. 25; mw. 12.5. 
External features agree with the description given by Pocock (1939). 
The type skin of F. h. horsJieldi was designated by Gray (1842) as 

from Bhutan, but Pocock (1939) believed that it came from upper Assam. 
However, the present speci~en constitutes an authentic record of the 
occurrence of Il. h. -horsfieldi in Bhutan. 

Order ARTIODACTYLA 

Family CERVIDAE 

Muntiacus lDuntjak vaginalis (Boddaert) 

(The Barking Deer) 

1785. Cervus vaginalis Boddaert, Elench. Anim, 1 : 136. 
1833. Cervus ratwa Hodgson, Asiatick Res. 18 (2) : 139. 
1845. Cervus styloceros Schinz, Synop. Mamm. 2 : 549. 
1852. Stylocerus muntjacus Kelaart, Prod. Faun. Zeylan: 85. 
1951. Muntiacus muntjak vaginalis, Ellerman and Morrison-Scott, Checklist of Palaearc

tic and Indian Mammals: 356. 

Material.-I subad.~: Tama, c 1130 m., C. Bhutan; 26 Nov., 1967. 

Measurements: 

Exter!lal.-H. & B. 1160; rl. 180; H.F. 280 (to the tip of hoof). 
Cranlal.-Tl. 183. 

Facial region Bistre instead of usual brown. Body is uniform brown 
in colour without any white spotting. 

. On the basis of the skull of this specimen and the adult skulls present 
In the Zoological Survey of India, interesting variations are noticed 
between the'deciduous and permanent set of teeth. In the permanent 
set pm!, pfli2, pms and PIlla are single lobed, while in the deciduous 
set pmt, pm2 and pms have two lobes and p~s has three lobes. 

The pr~sent speyimen constitutes the first record of the occurrence 
of the Barking Deer in Bhutan. ' 
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Order 'RODENTIA 

Family SCIURIDA~ 

Petaurista lDagnificus (Hodgson) 
(Hodgson's Flying Squirrel) 

1830. Sciuropterus magnificus Hodgson,]. Asiat. Soc. Beng., 5.: 231. Nepal 
1842. Sciuropterus nobilis Gray, Ann. A1ag. nat. His!.., ~O: 263. Darjeeling 
1844. Sciuropterus chrysotrix Hodgson, J. Asiat. Soc. Beng., 13 : 67. Nepal 
1947. Petaurista magnijicus, Ellerman, J., Mammal., 28 : 254. 

7 

Material.-ld', 1~: Paro, c 2440 m., w~ Bhutan; 14 Feb., 1969_ 
10": Gomchu,c2500m.,E.Bhutan; 28 Mar. 1966. 1~: Mithangar, 
c 1525 m., E. Bhutan; 7 May 1966. 

Measurements: 
External.- 2d'Ci': H. & B. 390, 415; Tl. 495, 510; R.F. 80, 81; 

e. 48, 51. 
2~~: H. & B. 414, 487; Tl. 464, 522; H.F. 79, 85; 
e. 45, 50. 

Cranial.- 1 d': on. 72; pal. 38.1; nas. 22.1; fro 16~ 1; or. 26.1 ;TR. 
17.8. 1~: on. 75.5; pal. 39.8; nas. 22.4; fro 17; or. 28; 
TR. 18. 

Mammae.-l -2 = 6. 
Forehead is yello\vish buff in colour. A dark maroon saddle is 

present on the back, which bifurcates in the region of the neck and 
extends along the sides of the head up to the nose. A few yellowish 
buff hairs are also present on the mid region of dark maroon saddle. 
Sides of the body and parachute are yellowish orange and sharply 
marked off from the back. Margin of parachute is rose red in colour. 
Hands and feet are Maroon. Tail is tricolored; more than half of its 
proximal part yellowish buff, followed by rose red and terminally black. 
Ventral fur soft, woolly and light orange in colour. The greatest lengths 
of the head and pody, occipitonasal, palatal and orbit differ somewhat 
from the recorded measurements in published works; these are 487, 
75.5, 39.8 and 28 respectively in the present material as against 420, 
72.9, 36.5, 27 .. 2 recorded in literature.' 

Blanford (1891) regarded P. nobilis and P. chrysotrix as synonyms of 
P. magnificus, in which dorsal colour changes seasonally. lie believed 
(p. 364}, P. nobilis and P. chrysotrix "to .be the summer garb, the body, 
neck and head are deep maroon, generally with a more or less well
marked yellow median line, commencing with. a broad spot on the 
forehead" and P. lnagnificus as the winter garb with no. -median dorsal 
line, "the body and head are ~chestnut above, more or less grizzled by 
some of the longer hairs being whitish near the tip"., Wroughton (1911) 
retained only P. nobilis ·believing P. inagnificus to be a synonvm. of. 
P. albiventer Gray. Robinson and Kloss (1918) reverted to Bl~nford's 
nomenclature and so also did Ellerman (1940, 1947, 1963) and Ellerman 
and Morrison-Scott (1951). In the specimens from Bhutan collected 
in both summer and winter no seasonal change can be marked.; :and all of 
th.!m fit in well with the description of the summer garb of P. magnificus 
given by Blanford (op. cit.) and with the paratype of P. magnificus 
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present in the Zoological Survey of India collection. A re-examination 
of the further material present in the Zoological Survey of India (1~: 
no locality, August; 1 ad. and 1 subad.: Sikkim, unsexed and without 
date; 1 adult: no history) reveals that all of them are very similar to 
the paratype of P. magnificus. Moreover, the original descriptions of 
P. nobilis and P. chrysotrix are applicable to the para type of P. magnificus 
as well. It may therefore, be concluded that P. magnificus is a distinct 
species with a constant pelage colour, and that P. nobilis and P. chrysotrix 
are nothing but its synonyms. Petaurista magnificus differs from all 
other species of the genus Petaurista Link by having a constant dark 
maroon saddle on the back even in the subadult stage, which may 
sometimes partly or fully be divided down the spine by a yellowish buff 
line. 

CaUosciurus erythraeus bhutanensis (Bonhote) 

1901. Sciurus erythraeus bhutanensis Bonhote, Ann. Mag. nat. Hist., (7) 7 : 161. Bhutan 
1961 (1963). Callosciurus erythraeus bhutanensis, Ellerman, Fauna of India including 

Pakistan, Burma and Ceylon, Mammalia, 3 [Rodentia]: 125. 

Material.-l cf': Putlibir, c 2103 m., W. Bhutan, 5 Mar., 1969. 
1 ~: Phuntsholing, c 610 m., W. Bhutan; 20 Jan., 1969. 2~~: Gay
legphug, c 153 m., C. Bhutan, 11 Nov. 1967. 2~~: Mithangar, 
c 1525 m., E. Bhutan; 3 and 4 May 1966. 

Measurements: 
External 
H. & B. 
Tl. 
R.F. 
e. 

lei' 
212 
208 
49 
22 

5~~ 
213, 217, 218, 230, 233 
182, 193, 209, 21 I, 222 
46, 49, 49, 51, 55 
19, 19, 20, 22, 22 

Cranial.- 4~~: on. 52.5, 53.1, 54.4, 55; pal. 26, 27, 27, 27.2; 
nas. 15.4, 15.6, 17, 18; fro 192, 19.4, 19.8,20; or. 16.3, 
17,17,18; TR. 10, 10,10,10.2. 

Weights.- 1 c!: 345 g. 4~~: 355 g., 365 g., 375 g., 400 g. 
Mammae.-l-1 = 4. 
Dorsal hairs are basally slate gray, apically with three or four Rufous 

annulations alternating with black. Ventral pelage varies seasonally. 
In two specimens (lei', l~) of March and January, the venter is cori
colorous with the dorsum. In specimens of May (l~) and November 
(2~~) sides of the venter Ochraceous Rufous with a median longitudinal 
stripe which is made up of furs similar to those of the back. The other 
May specimen (l~) appears to be moulting. Its venter is poorly 
haired and entirely Rufous. Tail tip black but in the two specimens 
from Gaylegphug there are also a few white hairs mixed with the black 
ones: Muzzle and inner border of ear distinctly Rufous in all the 
speCImens. 

Baculum consists of two parts, a slightly bend rod . like shaft or 
capsulus of about 21.5 mm. long and a sharp blade or lamina about 
8.8 mm. long, attached to the shaft only at the distal part (Text-fig. I a). 

A May specimen from Mithangar was pregnant; its uterus contains 
two embryos at very early stage of development. 
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Bonnhote (1901) described bhutanensis with the forehead Rufous 
and similar in coloration to the underparts. Robinson and Kloss 
(1918), and Ellerman (1963) without having sufficient material regarded 
it as a doubtful subspecies. They were not sure whether reddish face 
was a good character or individual or seasonal variation. Moore and 
Tate (1965) regarded the type of bhutanensis as an intergrade between 
C. e. erythrogaster (Blyth) and C. crumpi Wroughton, and placed C. crumpi 
as a synonym of bhutanensis. From the present material it is obvious 
that Rufous face is a constant and, therefore, sufficiently good character 
to accept bhutanensis as a distinct subspecies. From an examination 
of one specimen of C. crumpi present in the Zoological Survey of India 
and from the description given by Ellerman (1963), it becomes obvious 
that C. crumpi differs from bhutanensis by having brownish dorsal pelage, 
lighter tail tip, dark belly, slightly smaller frontal (18.7-19.1 vs. 19.8-20) 
and orbit (16-16.3 vs. 16.8-18). In all the above-mentioned external 
fea tures C. crumpi comes closer to C. caniceps (Gray). I would, therefore 
agree with Elle~man (1963) in treating C. crumpi separate from bhutanensis 
and considering it as a subspecies of C. caniceps. 

This squirrel is very common in the forest floor and prefers shelter 
behind the bushes. 

Collosciurus pygerythrus lokroides (Hodgson) 
(The Hoary bellied Himalayan Squirrel) 

1836. Sciurus lokroides Hodgson, J. Asiat. Soc. Beng., 5 : 232. 
1867. Macrozus similis Gray, Ann. Mag. "nat. Hist., 20 : 281. 
1947. Callosciurus pygerythrus lokroides, Ellerman, J. Mammal., 28 : 266. 

Material.-2d'd': Gaylegphug c 153, m., C. Bhutcln; 13 Nov., 1967. 

Measurements: 
External.- 2cf'd': H. & B. 162, 172; Tl. 148, 174; H.F. 39, 41; 

e. 18, 19. 
Cranial.- 2d'if: on. 43.5, 46.3; pal. 21.3, 22.9; nas. 12.3, 13; 

fro 15, 15; or. -, 15; TR. -, 8.9. 
Weights.- 2d'd': 117 g., 188 g. 
Hip patches which are usually met with in this subspecies, are not 

visible in the present specimens from the dorsal side, but ventrally 
two distinct reddish areas can easily be marked. General coloration 
is similar to the description given by Moore and Tate (1965) with the 
following variations: 

Hands, feet and forehead are darker than back; a light brownish 
streak extending from the throat to the hindermost part of the belly, 
is present in the venter of one specimen. 

This is the most common arboreal as well as ground squirrel of 
Bhutan. 

Tamiops lDacclellandi lDacclellandi (Horsfield) 
(The Himalayan Striped Squirrel) 

1839. Sciurus macclellandi Horsfield, Proc. zool. Soc. Lond.: 152. 
1842. Sciurus pembertonii Blyth, J. Asiat. Soc. Bengal., It : 887. . 
1900. Sciurus macclellandi manipurensis Bonhote, Ann. Mag. n~t. l!zst., 5 : 51. 
1965. Tamiops macclellandi macclellandi: Moore and Tate, Fteldzana, Zool., 48 : 237. 

2 
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Material.-2ci' ci': Susuna, Ha Road, c 2350 m., W. Bhutan, 10 Feb., 
1969. 1~: 18 km. N.E. of Simtokha, c 3200 m., W. Bhutan; 23 Feb., 
1969. 10'1, 1~: Shamgong, c 1960 m., C. Bhutan; 3 and 4 Dec., 1967. 
1 ci': Bulfai, c 2800 m. E. Bhutan; 30 Mar. 1966. 1 d': Gomchu, 
c 2500 m. E. Bhutan; 7 Apr., 1966. 1~: Kaling c 2200 m. E. Bhutan; 
11 Apr. 1966. 

Measurements: 
External.- 5ci'd' 3~~ 

H. &B. 116, 117, 120, 120, 120 103.5, Ill, 125 
Tl. 91,95,98, 103, 104 93,102,110 
H.F. 18(?), 24, 27, 27, 28 26.5, 27.5, 27.5 
e. 12, 12.5, 13, 14, 14 11.5,13,13. 

Cranial.- 3d'd' 1~ 
on. 32.2, 32.9, 33.1 34 
pal. 15.5, 15.5, 16 15.4 
nasI 9,9.1,9.2 9 
fro 11.9, 12, 12.2 12.3 
Ol. 8.8, 9.6, 10 10.2 
TR. 5.2, 5.2, 6 6 

Weights.- 4d'd': 52 g., 54 g., 54 g., 59 g. 1 ~: 64 g. 

External features fit in well with the description given by Ellerman 
(1963) . 

Baculum is a curved hook like structul e, made up of a bend shaft, 
at the distal end of which a thin triangular blade is attached. The 
shaft is slightly swollen at the base (Fig. Ib). 

a IOmm. 

5 mm. 
TEXT-FIG. 1 (a). Baculum of Callosciurus erythraeus bhutanellsis 

(b). Baculum of Tamiops maccielland£ macclellandi. 

It Inay not be out of place to discuss the status of the genus Tamiops 
Allen. It was treated as a subgenus of Funambulus Lesson by Zahn 
quoted by Moore and Tate (1965) and of Callosciurus Gray by Osgood 
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(1932), Ellerman (1940) and Simpson (1945). The question was 
recently re-examined by Moore and Tate (1965), and they have shown 
that Tamiops have enough distinguishing characters from allied genera 
to be honoured with a generic rank. The present study reveals that 
the structure of baculum is also very different from that of both Funam
bulus and Callosciurus. I have, therefore, no hesitation in concurring 
with Moore and Tate (1965). 

DrelDolDYs lokriah bhotia Wroughton 
(The Orange-bellied Himalayan Squirrel) 

1916. Dremomys lokriah bho!ia Wroughton, .I. Bomba,.y nat. Hist. Soc., 24 : 425. 
Sedonchen, Sikkim. 

Material.-l c! : c 36 km. from Simtokha on Wangdu Phodrang Road, 
Menchuna Valley, c 2377 m., W. Bhutan; 26 Feb., 1969. 1~: Chasi
lakha, c 1860 m., W. Bhutan; 1 Feb., 1969. 1~: Susuna, Ha Road, 
c 2350 m., W. Bhutan; 11 Feb., 1969. 10": Panjurmane, c 1525 m., 
C. Bhutan; 12 Dec., 1967. 3~~: Gomchu, c 2500 m., E. Bhutan; 
8 and 12 Apr., 1966. 

Measurements: 

External.- 2 if if 
H. & B. 177, 189 
Tl. 134, 142 
R.F. 41, 46 
e. 20, 22 

Cranial.- 1 d' 
on. 51 
pal. 24.3 
nas. 15.6 
fro 14.8 
or. 15 
TR. 8.4 

Weights: 1 if: 200 g. 5~~: 
Mammae: 1-1-1 =6. 

5~~ 
160, 173, 175, 175, 205. 
114, 115, 120, 130, 
38,40, 40, 46, -. 
18, 19, 19, 20, 23. 

4~~ 
47, 47.6, 48.5, 51.5 
23, 23.4, 23.8, 26. 
14.1, 14.2, 14.5, 17. 
14.5, 14.5, 14.5, 16.5 
14, 14.5, 14.6, 14.8. 
8.2', 8.2, 8.3, 8.8. 

139 g., 148. g., 150 g., 172 g., 260 g. 

General colour of back is dark olive. Individual hair is slate black 
at base, and apically having three or four olivaceous annulations alter
nating with black. A few entirely white hairs are not uncommon. 
Feet blackish. 

The palate of the female specimen from ChasiIakha is more than 
half of the occipitonasal length, which is very unusual for this species. 

Wroughton's (1916) D. l. bhotia from eastern Sikkim, was synonymized 
with D. I. lokriah (Hodgson) by Ellerman (1947), and this treatment 
was supported by Moore and Tate (1965). The present specimens as 
well as two from Bhuntang, Sikkim when compared with five specimens 
of Central Nepal present in the Zoological Survey of India, are found 
to be distinctly darker and olivaceous against the browner pelage of the 
specimens of Nepal. Moreover, the colour of foot is brownish in 
D. l. lokriah but blackish in D. l. bhotia. I would, therefore, accept 
bhotia as a distinct subspecies. Here it will be worthwhile to mention 
that, Palmajua, Darjeeling, West Bengal, though geographically nearer 
to Sikkim, five specimens (3d' cf', 2~~) of June and July from that 
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area present in the Zoological Survey of India, collection are similar 
to the specimens of D. I. lokriah from Central Nepal. 

The genus Dremomys Heude is generally separated from Callosciurus 
Gray by the length of its nasal being greater than that of frontal. 
Ellerman (1963) stated that the length of nasal in Dremomys is often sub
equal to frontal, and in two out of 24 measurable skulls it is actually 
shorter. In the present series from Bhutan also two specimens out 
of five have nasal shorter than frontal. This character should not 
therefore, be given much importance. 

This species is often met with on the floor of mixed, wet forest. Its 
individuals congregate at dusk and then break up into groups of seven 
or eight. Its call sounded somewhat like 'Chikwik. . Kwik. 
Chikwik' A female taken in February from Chasilakha was lactating. 

Ratufa bicolor gigantea (McClelland) 
(The Large Malay Squirrel) 

1839. Sciurus giganteus McClelland, Proc. zool. Soc. Lond.,: 150. 
1849. Sciurus macruroides Hodgson, J. Asiat. Soc. Beng., 18 : 775. 
1923. Ratufa gigantea stigmosa Thomas, J. Bombay nat. Hist. Soc., 29 : 86. 
1947. Ratufa bicolor gigantea, Ellerman, J. Mammal., 28 : 260. 

Material.-ld': Chasilakha, c 1860 m., W. Bhutan; 5 Feb., 1969. 
10": Panjurmane, c 1525 m., C. Bhutan; 8 Dec., 1967. 1~: Shamgong, 
c 1960 m., C. Bhutan; 3 Nov., 1967. 1~: Batase, c 1433 m., C. Bhutan; 
17 Nov. 1967. 1~: Langsaran, c 1250 m., E. Bhutan; 3 May 1966. 

Measurements: 
External.-2cJ'cJ': H. & B. 371,379; Tl. 482, 501; H.F. 74, 78; 

e. 33, 35. 3~~: H. & B. 362, 390, 405; Tl. 422, 440, 
481 ; H. F. 77, 80, 87; e. 27, 34, 37. 

Cranial.- 20"0": on. 73.5,76.1; pal. 31.8,34; nas. 22.1,22.1; 
fro 29.2, 30; or. 25,26.4; TR. 14, 14.3. 2~~: ·on. 76, 
78; pal. 33.1,33.8; nas. 23, 24; fro 31,31.5; or. 26.8,27; 
TR. 14.4, 15. 

Mammae: 2-1 = 6. 
Tail tip brown with a little admixture of white. The fleshy part 

of the tail tip of the specimen from Langsaran was abnormally swollen, 
presumably an after-effect of some earlier irtjury. 

Family MURIDAE 

Rattus rattus brunneusculus (Hodgson) 

1841. Mus brunneufcu[uS Hodgson, Ann. Mag. nat. Hist., 15 : 267. 
1919. Rattus raltus sikkimensis Hinton, J. Bombqy nat. Hist. Soc., 26 : 394. 
1947. Rattu'i ratllls brunneuscu[us, Ellerman, J. Mammal., 28 : 380. 

. Material.-2~~: Wangdu Phodrang, Punakha Valley, c 1372 m., 
W. Bhutan; 23 and 24 Feb., 1969. 1 subad. 0": Gaylegphug, c 153 m., 
O. Bhutan; 9 Nov. 1967. 
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Measurements: 
External.- 1 subad. d": H. & B. 129; Tl. 131; H.F. 29; e. 19. 

2~~: H. & B. 166, 180; Tl. 178, 192; R.F. 32, 32; 
e. 22, 23. 

Cranial.- 1 subad. d": on. 34.4; pal. 18.4; apf. 6.8; nas. 11.9; 
TR. 6.4; bu!. 6; dia. 9. 2~S?: on. 40, 41.5; pal. 22.4, 
24.5; apr. 7, 7.9; nas. 14, 15.9; TR. 6.9, 6.9; bul. 6.8, 
6.8; dia. 10.6, 11.5. 

Weights.- 1 subad. if: 45 g. 2~~: 110 g., 140 g. 
Tail though always longer than head and body, is somewhat shorter 

than that of the specimens present in the Zoological Survey of India. 
Compared with the measurements given by Ellerman (1963), too, my 
specimens have shorter tail. 

In a specimen from Wangdu Phodrang the molars are worn out to 
such an extent that only the remnants of the first lamina of the left 
ml, and the first and third laminae of the right ml are present. 

This is the first record of brunneusculus from Bhutan. 

Rattus rattus tistae Hinton. 

1918. Rattus rattus tistae Hinton, J. Bombay nat. Hist. Soc., 26 : 68. 

Material.-3if d", 2 subad. d" d", 2 ~~: Wangdu Phodrang, Puna
kha valley, c 1372 m., W. Bhutan; 23 Feb. to 9 Mar., 1969. 3d"d\ 
1~: Putlibir, c 2103 m., W. Bhutan; 9 and 10 Mar. 1969. 1~: Sim ... 
tokha, Thimpu Valley, c 2408 m. W. Bhutan; 21 Feb. 1969. Id") 
1~, 3 subad. ~~: Batase, c 1433 m. C. Bhutan; 18 to 20 Nov., 1967. 
10": Tama c 1130 m., C. Bhutan; 26 Nov. 1967. 6d"d", 5 subad. 
etc!', 9 ~~, 5 subad.: ~~. Shamgong, c 1960 m., C. Bhutan; 
Nov. and 1 Dec. 1967. 

Measurements: 
External.

H. &B. 

Tl. 

R.F. 

e. 

Cranial.-
on. 

pIa. 

apf. 

12d'd' 
146, 147, 148, 150, 157, 
160, 162, 162, 170, 175, 
184, 190. 
130, 149, 151, 151, 151, 
156,166,170,175,186, 
194, -, 
31, 33, 33, 34) 34) 34, 
34, 34, 35, 35, 38, -. 
21,21.5,22,22,22,22, 
22, 22, 22, 23, 25, -. 

9d'd' 
30, 35.8, 36.1, 36.5, 37.2, 
38.6, 39.5, 40.1, 44.6. 
18.5,19,19.2,19.8,20.7, 
20.8, 21.2, 22.3, 23.9. 
5.2, 6, 6.1, 6.2, 6.8, 6.8, 
6.8, 7.9, 8.1. 

10~~ 
146, 155, 157, 173, 173, 
175, 175, 178, 180, 185. 

144, 145, 155, 169, 169, 
1 ?5, 178, 178, 180, -. 

32, 32, 33, 33, 34, 34, 
35, 35, 35, 35. 
21, 22, 22, 22, 22, 22, 
22, 22.5, 23, 23. 

4~~ 
41, 43, 43, 43.3. 

22.4, 23.6, 23.8, 24.2. 

7.1, 7.6, 8, 8. 



14 Records of the Zoological Survey of India 

nas. 12.5, 12.8, 12.9, 13.9, 14, 
14.3, 14.3, 16.2, 16.5. 

TR. 6.2, 6.3, 6.3, 6.5, 6.5, 
6.8, 6.8, 6.9, 7. 

bul. 5.9, 6, 6, 6, 6, 6, 6, 
6.1, 6.8. 

dia. 8.4, 8.8, 9.2, 10, 10.3, 
10.5, 10.8, 11.4, 12.9. 

Weights 9 c! c! 
30 g., 57 g., 82 g., 
87 g., 100 g., 110 g., 
135 g., 155 g., 210 g. 

Mammae: 3-1-2 = 12. 

15.6, 16, 18, 18.3, 

6.6, 6.8, 6.8, 7. 

6.2, 6.5, 6.5, 6.5. 

11, 11. 9, 12, -12. 

6 ~~ 
50 g., 56 g., 90 g., 
140 g., 179 g., 186 g. 

This is the commonest house rat of Bhutan. In comparison with 
material of tistae in the Zoological Survey of India, fur in the present 
specimens is long and soft. The length of tail varies from 85.5 % to 
105% of the head and body length, agreeir:g with Ellerman's (1963) 
measurements but differing from those of Hinton (1918) who gave the 
tai11ength as 122% to 124%. Tail is dark and unicolored except in 
three specimens in which it is tipped with white. The greatest lengths 
of the hindfoot, occipitonasal, palatal and diastema differ ~omewhat 
from the recorded measurements in published works; these are 38, 
44.6, 24.2, 12.9 respectively in my material as against 35, 42, 22.7 and 
11.2 recorded in literature. 

The specimens from Wangdu Phodrang and Putlibir appear to be 
pathological cases inasmuch as their fingers, toes, distal part of tail, 
and facial region are decayed much like in advanced cases of leprosy 
in man. In two specimens, even the nasal bones and teeth are affected. 

Teats are not prominent in the females taken in November. A female 
taken in March from Wangdu Phodrang was pregnant. 

This is the first record of tistae from Bhutan. 

Rattus rattus tistae Hinton~Rattus rattus brunneuscuIus 
(Hodgson) 

Material.-I ~: Batase, c 1438 m., C. Bhutan; 19 Nov. 1967. 

Measurements: 
External.- H. &. B. 182; Tl. 181; H.F. 33; e. 23. 
Cranial.- on, 43; pal. 23.6; apf. 7.6; nas. 18; TR. 6.8; bul. 6.5; 

dia. 12. 

The dark-bellied tistae occurs exten~ively with the white-bellied 
brunneusculus, so that Ellerman (1963) regarded the former as a com
mensal type. The present specimen is of much interest as its under
surface is dark for the greater part but with a distinct white streak along 
the midventral region extending from throat to anus. From the nature 
of the coloration of the belly it appears to be an intergrade between 
tistae and brunneusculus. This led me to examine 93 adult specimens 
of tistae and brunncusculus from Darbhanga (Bihar), Nepal, Darjeeling 
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(West Bengal), Sikkim, and Assam present in the Zoological Survey of 
India collection, in addition to those of Bhutan with a view to studying 
the nature of the coloration of the belly. The study reveals that con
siderable intergradation takes place between these two subspecies at 
least in the region of Nepal, Darjeeling, Bhutan and Assam (Table I). 

TABLE I.-Showing the percentage of intergrades between Rattus rattus tistne and Rattus 
rattus brunneusculus . 

Percentage 
Locality No. of White- Dark- Inter- of 

specimens bellied bellied grades intergrades 

Darbhanga 3 0 3 0 0% 
Nepal 14 10 2 2 14% 
Darjeeling 46 14 27 5 11% 
Sikkim 5 4 1 0 0% 
Bhutan 31 2 28 1 3% 
Assam 25 10 12 3 12% 

Out of the 11 intergrades, the one from Bhutan has already been 
described. In five other specimens the undersurface is white but in the 
region of the chest it is dark. In two a dark stripe extends from the 
throat to belly. In the other three undersurface is dark but with a white 
streak about 70 mm. long, on the belly. 

Rattus rattus brevicaudus n. subsp. 

Material.-Holotype: Adult~; Tashigong, Manas Valley, c. 1800 m., 
E. Bhutan; 4 April, 1966; colI. B. Biswas. Skin and skull deposited in 
the Zoological Survey of India. 

Paratypes: 3 adult 0' 0', 2 subad. d' 0', 1 adult ~; Tashigong, 
Manas Valley, c 1800 m., E. Bhutan; 4 Apr., 1966; colI. B. Biswas; 
deposited in the Zoological Survey of India. 

Diagnosis.-Differs from all other known subspecies of the species 
by the possession of the following combination of characters: (1) Fur 
on the dorsal surface very long, soft, basally slate in colour, with a sub
terminal or terminal Orange .. Ochra.ceous band, when subterminal there 
is a very narrow black terminal band. (2) Belly perfectly white. 
(3) Tail always shorter than head and body length (Table 2). (4) 
Hind-foot relatively smaller, being only 15 to 17% of the head and body 
length. (Table 2). (5) Mammae 8 or 10. (6) Skull moderately 
large, occipitonasallength more than 40 mm. (7) Bullae well developed 
and longer than upper tooth row (Table 2). 

Rattus r. brevicaudus is allied to R. r. brunneusculus (Hodgson), R. r. 
tistae Hinton, R. r. bullocki Roonwal, R. r. tikos Hinton, but differs from 
them as follows: From brunneusculus by (i) tail being always shorter than 
head and body, (ii) length of bulla being greater than upper tooth row; 
from tistae by (i) the colour of the dorsal fur being Orange-Ochraceous 
o'Ccasionally with terminal black band, (ii) white belly, (iii) tail always 
shorter than head and body, (iv) having smaller hindfoot; from bullocki 
by (i) tail being always shorter than head and body, (ii) having smaller 
hindfoot; from tikos by (i) having tail always shorter than head and 
body, (ii) and shorter hindfoot. 



TABLE 2.-External and Cranial measurements of five subspecies of Rattus rattus (Linnaeus). 
~ 

~ 

Measurements brunneusculus tistae tikos bullocki brevicaudus 

Head and body length 14a' a' 17a'a' 9a' a' 40a' a' 3a' a' 
140-203(164) 142-198(162) 161-210(181) 150-191 (174) 193-212 ( 199) 

15~~ 12~~ 7~~ 41~~ 2~~ 
151-203(173) 148-175(161) 156-195(171) 148-193(170) 173, 183( 178) 

Tail length 14a' a' 17a'a' 9(j1 a' 40a' a' 3a' a' 
188-230(208) 136-196(172) 161-200(181) 133-216(173) 164--167( 165.5) 

15~~ 12~~ 7~¥ 41~~ 2~~ 
167-238(209) 158-208(168) 168-188(179) 131-216(172) 165, 168(166.5) !=tl 

~ 
c:") 

Percentage of tail length in 14a' a' 17a'a' 9a' a' 40a' a' 3a' a' ~ 

relation to head and body 112-134~(121~) 84--120~ (1 06 ~) 82-115~(102~) 72-127~ (100.4~) 80-84%(82~) ~ 
length 15~~ 12~~ 7~¥ 41~~ 2~~ ~ 108-119~(116%) 96-127~(108~) 89-103~ (105~) 73-127% (100.5%) 91 %,93~(92%) 

So 
~ 

Hindfoot 14a' a' 17a'a' 9a' a' 4Oa'a' 3a' a' l':! 31-37(35.5.) 29-36(32) 32-38(35.4) 28-36(32) 30-33(31) c 

15~~ 12~~ 7~~ 41~~ 2~~ 
c 
~ 
c 

31-36(32.5) 30-35(32) 32-34(33) 29-36(32) 27.5,31(29) ~ -. c:") 

~ 

Percentage of hindfoot in 14a' a' 4Oa'a' 
~ 

17a'a' 9a'r;f 3a' a' ~ relation to head and body 18-22~(19%) 15-23%(19~) 19-21 ~(19.5%) 12-22~(19%) 15-16%(15%) 
~ 

length 15~~ 12~~ 7~~ 41~~ 2~~ <:::! 

17-21.5~ (19.2%) 18-21.5% (20%) 17-21%(19%) 13-22~(18.2%) 15%, 17%(16%) ~ 

~ 
Occipitonasallength 9a' 0' 13a' a' 6a' a' 13a' a' 3a' a' ~ 

38.5-43.7 (42) 36.1-44.6(39.8) 39.6-44.3(41.7) 37-43.5(40.3) 41-41.8(41.3) ~ 
11~¥ 9~~ 3~~ 12~~ 2~~ ~ 

38.5-43.5(40) 38-43.3(40.5) 40-41.3(40.8) 36-43(40.1) 40.3, 42 (41.1) 

Upper tooth row 9a'a' 13a' a' 6a' a' 13a' a' 3a' a' 
6.8-7.4(7.3) 6.2-7.3(6.5) 6.6-7.2(6.9) 6.2-7.5(6.9) 6.8-7(6.9) 

11~~ 9~~ 329 12~~ 2~~ 
6.7-7.4(7) 6.2-7(6.7) 6.4--7(6.6) 6.1-7.5(6.9) 6.9, 6.9(6.9) 

Bullae 9a' a' 13a' a' 6a' a' 13a'd" 3a' a' 
6.4-7.1 (6.8) 6-7.3(6.6) 6.9-8(7.3) 6.6-8.5(7.4) 6.9-7.4(7.2) 

11~~ 9~~ 3~¥ 12~~ 2~~ 
6.5-7.2 (6.8) 6.2-7.4(6.9) 7.2-8(7.5) 6.6-7.7(7.2) 6.9, 7.3(7.1) 
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Measurements of holotype: 
External.- H. & B. 183; Tl. 168; H.F. 31; e. 24. 
Cranial.- on. 42; pal. 22.5; apf. 6.1; nas. 16.6; TR. 6.9;bul. 7.3; 

dia. 11. 

Rattus niviventer ? niviventer (Hodgson) 
(The White-bellied Rat) 

Material.-1 if: Susuna, Ha Road, c 2350 m., W. Bhutan; 1 I Feb. 
1969. 

Measurements: 
External.- H. & B. 139; Tl. 182; R.F. 25; e. 26. 
Cranial.- on. 37; pal. 17.6; apf. 6; nas. 13:8; TR. 6.1; bul. 5; 

dia. 9. 
Colour of the back cold gray with a certain admixture of brown, 

and not black as mentioned by Ellerman (1963). The specimen is 
somewhat large for this subspecies, and in 1;>oth external and cranial 
measurements appears closer to R. n. mentosus Thomas. However, it 
has provisionally been placed under niviventer on geographical considera
tion. 

The present specimen constitutes the first record of R. niviventer 
from Bhutan. 

Rattus nitidus nitidus (Hodgson) 
(The Himalayan Rat) 

1845.. Mus nitidus Hodgson, Ann. Mag. n~t. Hist., 15 : 267. 
1845. Mus pyctoris Hodgson, Ann. Mag. nat. Hist., 15 : 267. 
1845. Mus horeites Hodgson, Ann. Mag. nat. Hist., 15 : 268. 
1849. Mus aequicaudalus Hodgson, Ann. Mag. nat. Hist., 3 : 203. 
1947. Rattus nitidus nitidus: Ellerman,]. Mammal., 28 : 378. 

Material.-1 subad. if, 1~: Mithangar, c 1525 m., E. Bhutan, 
3 May 1966. 

Measurements : 
Extemal.- 1~: H. & B. 175; Tl. -, H.F. 33; E. 22. 
Cranial.- 1~: on. 44; pal. 24; apf. 7.5; nas. 17; TR. 6.2. 
Weights.- 1 d': 55 g. 1~: 148 g. 
Mammae: 1-2-1-2 = 12. 
The subadult specimen is darker t4an the adult and the coloration 

of its sides are not well marked from the ventral surface. 
This is the first record of R. nitidus from Bhutan. 

Mus pahari jacksoniae (Thomas) 
(The Sikkim Mouse) 

1921. Leggada jacksoniae Thomas, J. Bombay nat. Hist. Soc., 27: 596. 
1947. Mus pahari jacksoniae: Ellerman, J. Mammal., 28 : 382. 

Material.-Id': Putlibir, c 2103 m., W. Bhutan; 9 Mar. 1969. 

3 
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Measurements: 
External.- H. & B. 83; Tl. 82; H.F. 19; E. 16.5. 
Cranial.- on. 23.6; pal. 11.6; apf. 4; nasa 8.5; TR. 3.5; bul. 3.4; 

dia. 6.1. 
Ellerman (1963) stated that the fur in this species is bristly and 

spiny, but in the present specimen the fur is long and soft. 
Diastema long, more than one-fourth of the occipitonasal length. 
This is the first record of this species from Bhutan. 

OBSERVATIONS ON OTHER SPECIES 

The Assamese Macaque (Macaca assamensis McClelland): A troop 
comprising of about 20 adults with a few young ones clinging to their 
mothers was noticed in the forest near Shamgong. 

The Asiatic Black Bear (Selanarctos thibetanus (G. Cuvier)): Foot
prints and faecal matters were seen at Shamgong. Its call was heard 
in the evening at Shamgong, Panjurmane and Ganglakha. 

The I .. eopard (Panthera pardus (Linnaeus) ): Its pug-marks were noticed 
in the dry bed of Ai river at Gaylegphug. 

The Yellow-throated Marten (Martes flavigula (Boddaert)): A pair 
was seen at the base of an Oak tree near Susuna. At the sight of the 
party they jumped away inside the thick forest. 

The Sambar (Cervus unicolor Kerr): Footprints were seen almost 
everywhere. 

The Bharal (Pseudois nayaur (Hodgson)): A single animal was seen 
at dusk in a hill slope near Shamgong. 

The Indian Elephant (Elephfls maximus Linnaeus): Footprints and 
faecal matters were seen in the forests in Gaylegphug and Ganglakha. 

SUMMARY 

An account of the mammalian fauna of Bhutan based mainly on the 
collections from western, central and eastern Bhutan made by the 
Zoological Survey of India parties during 1966, 1967, 1969 is given. 
The present account includes report on 104 specimens comprising of 
20 species and subspecies, together with those seen in the field but not 
collected. 

Taxonomic status of three species and subspecies, Petaurista magnificus 
(Hodgson), Callosciurus erythraeus bhutanellsis (Bonhote), Dremomys lokriah 
bhotia Wroughton, and of the genus Tamiops Allen have been discussed. 

A new subspecies of Rattus ,rattus (Linnaeus) has been described, 
,vhich can be differentiated from all its nearest allies by its tail being 
always shorter than head and body, and by several other features. 

In tergrada tion between Rattus rattus tistae Hinton and Rattus raltus 
bruJllleusculus (Hodgson) has been reported. 

Structure of bacula of Callosciurus er..pthraeus bhutanensis (Bonhote) and 
Tamiops macclellalldi macclellandi (Horsfield) have been described. Varia
tions in coloration, size, etc., have been reported in a number of forms. 

Field observations on several species of mammals have been included. 
Altogether 11 species are recorded, for the first time from B~utan. 
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A NE'V FAMILY OF CHALCIDOIDEA (INSECTA: 
HYMENOPTERA) 

By 

S. ADAM SHAFEE 

Section qf Entomolog)', Department of Zoology, 
.4ligarh Muslim lJniversity, A ligarlt , Ind£a. 

(with 4 text-figures) 

EURYISCHIDAE fam.n. 

The present authOl' proposes a new fanlily El1ryischidae based on 
the genus Euryisclzia Riley. This genus \-vas erected by Riley (1889) 
and retained in the subfamily Elasn1inae of the fanlily Chalcididae. 
Ashn:ead (1900) erected the genus lvlyiocnellza and placed it in the sub
family .-\phelininae. The same author (1904) placed EUlyischia in the 
fanlily Elasmidae. 

Ho\",ard (1907), Mercet (1912) and Girault (1915) accepted 
Ashmead (1900) by retaining the genus ... Myiocnema in Aphelininae. 

Girault (1912) considers doubtful the inclusion of the genus Eu,ryis .. 
chia in the family Elasmidae. Nevertheless) he accepted Ashmead's 
placing of this genus in Elasmidae and said "neither the insect nor its 
original description is accessible to me" He (1913) considers EU'.,l'ischia 
to be undoubtedly an Encyrtid and credited the genus to Ho",Tard ins
tead of Riley. "fhe same author (1914) erected the genus Euryischo",-via 
and placed it in Elasmidae. 

Girault (1916) after examination of the typegenus of .Nljiocnema 
declared it to be a synonym of Euryischia. He credited the genus Euryis
chia to Koe bele. 

Smith and Compere (1928) published a letter written by A. B. 
Gahan, in V\o-hich Gahan said "Euryischia, however, is surely elasmid 
and Myiocnema is just as surely closely related to Euryischia, although the 
latter apparently forms a connecting link between the Elasmidae and 
the a phelinines" 

Compere (1947) suggested that "J\t/yiocnema, as well as E'ur:..vischia 
Riley, are out of place in the ELASMIDAE, since both of these genera 
resemble .4phelinus Dalman much more closely than they do \vith Elas
mus Westwood" 

Ghesquiere (1955) placed Euryischia Riley, MJ'iocnema Ashlnead, 
Eriaporu.c: ,,,Taterston and EU1lotiscus Compere in his ne",rly proposed 
subfamily Eriaporinae of Aphelinidae. Ferriere (1965), Burks (1965) 
and Riek (1966) accepted Compere (1947) and Ghesquiere (1955) in 
retaining these genera in the farnily Apheliniciae. 
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Keeping in vie\Y the diagnostic keys to the fan1ilies of Chalcidoidea 
proposed by Mani (1938), Nikol'skaya (1952), Brues et al (1954) and 
Peck et al (1964), the genus Euryischia runs near the family Elasmidae. 
However, it differs from this farnily in having (i) S·jointed tarsi, (ii) Post 
axilla, (iii) Complete parapsidal furrows, (iv) Fore wing<; with ,veIl 

O·.fmm. 
G 

O"3mm 

Text-fi~. l.-(A-E) Thoracic dorsum of (A) Syediella Shafee; fB) Eriaporus Waterston: 
(C) EU,!ischomyia Gira~lt; (D) Euryischia Riley;. (E) El~mus Westwood; (F-H) 
Fore \vlogs?f (F) Syedtella Shafee; (G) EU1)'ischJQ Riley (H) Elasmus '\\1estwootl 
Pax, Post ax,.lla. 
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deV'eloped costal cell, submarginal, nlarginal, postmarginal and stigmal 
veins, (11) :Fore tibiae with curved spur, (vi) Tridentate m.andibles and 
(vii) Male antennae unbranched. 

In Vierek's (1916) and Essig's (1954) keys to the families of Chalci
doidea, the genus Euryischia runs near the family A phelinidae. Hovv
ever, it differs from this family having (i) Post axilla, (ii) hind coxae 
much compressed and disc ... like, (iii) hind tibiae with two long and 
thick spurs at apex and with a row of thick setae on the outer margin, 
tiv) fore wings with well developed costal cell, submarginal, marginal, 
postmarginal and stigmal veins and. (v) rnuch bro~d propodeum. 

In the Comstock's (1954), Imms (1957) and Borror et al (1963) 
keys to the families of Chalcidoidea, the genus Euryischia neither falls in 
the family Elasmidae nor in Aphelinidae owing to some special 
characters for which a new family Euryischidae is proposed and placed 
between the families Aphelinidae and Elasmidae. 

The genera M..yiocne.ma Ashmead and EUI)'ischo1rryia Gira ui tare 
placed in the new family Euryi5chidae for having (i) Coarse setae on 
the body, (ii) complete parapsidal furrows, (iii) Post axilla, (iv) broad 
propodeum, (v) fore 'wings with ,,,,ell developed co~tal cell, submarginal, 
Inarginal, postmarginal and stignlal veins, (vi) hind coxae and femora 
enlarged, (vii) hind tibiae with thick setae on outer margin and (viii) an
tennae 8-segmented, excluding the ring segments. 

The ne,v family Euryischidae is characterised as follows: 
Body black and covered with coarse setae; mandibles (Text-figs. 3B 

& 4C) tridentate; antennae (Text-figs. 3D & 4E) 8-segmented, exclud
ing the ring segments; thorax \vith complete parapsidal furrows; post 
axilla (Text-figs. 1 C, Pax & ID, Pax) present; propodeum broad; fore 
wings (Text-fig. 1 G & 4A) \vith well developed costal cell, submarginal, 
marginal, postmarginal and stiglnal veins; fore tibiae with curved spur; 
middle tibiae (Text-fig. 3H) ~"ith long spur; hind coxae enlarged or 
much compressed and disc-like; hind femora and tibiae usually com
pressed; hind tibiae usually \vith two long spurs and '\vith a row of 
thick setae 011 outer margin (Text-figs. 2C & 2D); all tarsi 5-jointed; 
abdomen longer than thorax, flat above and keeled belo",,"; ovipositor 
slightly exserted. 

Type-genu~, El~ryischia Riley 
Key to subfamilies and genera of EURYISCI-IIDAE fame 11. based on females. 
1. Hind coxae normal, not compressed and disc-like; hind femora and tibiae normal; 

propodeum uniformly broad; hind tibiae with 1-2 short and weak 
spurs. . . .. ... . .. ... . MYIOCNEMINAE sub fame n. 

-Hind coxae much compressed and disc-like; hind femora and tibiae compressed; 
propodeum much dilated in middle; hind tibiae with two long and thick spurs. 
EURYISCHINAE subfam. n.. . .... Euryischia Riley, 1889 

-Mandibles with two teeth and a truncation; maxillary and labial palps 3 and 2-seg
mented respectively; antennae with three ring segments; club shorter than 
funicle; fore wings with a large discoidal infuscated patch beneath the margina1 
vein; apex of submarginal vein much dilated bearing two long setae; a long seta 
beneath the submarginal vein; hind tibiae with two spurs. 

. . Myiocnema Ashmead, 1900 
-Mandibles with one tooth and a truncation; maxillary and labial palps each 2-seg

mented; antennae with two ring segments; club longer than funicle; fore wings 
with a broad transverse infuscated band beneath the marginal and postmarginal 
veins; apex of submarginal vein not much dilated, bearing two short setae; hind 
tibiae with one spur. . Euryischomyia Giraul t) 1914 
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EURYISCHINAE subfam.n. 

Type-genus, Euryisclzia Riley, 1889 
The genus Euryischia is characterised as follows: 

Fe/nale 
Body hlack, covered with coarse setae; head .(Text-fig. 3A) wider 

than long in facial view; mandibles (Text-fig. 3B) with two teeth and a 
truncation; maxillary and labial palps (Text-fig. 30) 3 and 2-segmented 
respectively; antennae (Text-fig. 3D) 8-segmented, excluding the ring 
segment; pronotum (Text-fig. 3E) with posterior margin straight; 
mesoscutum ·with well developed parapsidal furrows; axillae widely 
separated; post axillae (Text-fig. ID, Pax) present; scutellum "\vith 
four long setae; postscutellum well developed; propodeunl much 
dilated in Iniddle; fore w-ings (Text-fig. 1 G) with well developed 
costal cell, submarginal, marginal, postmarginal and stigmal veins; fore 
tibiae with curved spur; nliddle tibial spur (Text-fig. 3H) about as long 

O·2mm. 

Text-fig. 2(A-E).--Hind legs of (A) Syediella Shafee· (B) Eriaporus Waterston; 
(C) Euryischomyia Girau1t; (D) Euryischia Riley; (E) Elasmu~ Westwood. 
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as basi tarsus; hind coxae much compressed and disc-like; hind femora 
and tibiae compressed; hind tibiae with two long and thick spurs and 
also with a row of thick setae on outer margin (Text-fig. 2D); all tarsi 
5-jointed; abdonlen slightly longer than thorax, flat above and keeled 
below; ovipositor slightly exserted; middle of anterior margin of sub
genital plate (Text-fig. 31) cone-like and connected with the central 
notch of posterior margin by a narro\v longitudinal groove; third val
vulae (Text-fig. 3J) distinct. 

Felnale 

Euryischia indica Mani and K.urian 

(Text-figs. ID, G; 2D; 3A-K) 

llead (Text-fig. 3A). -Black, with coarse setae, wider than long in 
facial view; frontovertex ",rider than long; ocelli arranged in obtuse 
angled triangle, basal ocellus removed by slightly more than its diame
ter from eye rim and less than its dialneter from occipital margin; 
malar space longer than transverse diameter of eyes; antennae inserted 
below lower level of eyes; mandibles (Text-fig. 3B) with two teeth and 
a truncation; maxillary and labial palps (Text-fig. 30) 3 and 2-seg
mented respectively. 

Antennae (Text-fig. 3D).-Bi~ownish; scape about three times longer 
than wide (0.12 :0.04 mm); pedicel one and a half times longer than 
wide (0.06 :0.04mm); a distinct ring segrnent present; first funicle seg
ment slightly longer than "vide; second and third funicle segments 
slightly wider than long; club about two times as long as "vide, distinc
tly shorter than funicle. 

TJlorax (Text-fig. ID) .-Black, with coarse setae; pronotum (Text
fig. 3E) with posterior Inargin straight, bearing 13 pairs of setae; scu
tum and parapside profusely setose; scutellum with two pairs of long 
setae; postscutellunl \vell developed. 

Fore wings (Text-fig. IG).--Hyaline, except a small infuscated patch 
below the junction of marginal, postmarginal and stigmal veins; basal 
one third of wing naked, except two long setae; costal cell broad; apex 
of submarginal vein dilated and bears two long setae; marginal vein 
shorter than submarginal and longer than postlnarginal and stigmal 
veins separately; postmarginal vein distinctly longer than stigmal vein 
(Text-fig. 3F); marginal fringe short. 

Hind wings.-Hyaline, about four and a half tilnes longer than wide; 
length of marginal fringe equal to one-sixth of wing width. 

Ji'ore legs (Text-fig. 3G) .-Brownish-black except tibial spur and 
basal three tarsal segments which are yellowish brown; tibial spur 
sligh tly curved. 

Middle legs (Text-fig. 3H) .-Brownish, except tibial spur \vhich is 
white; tibial spur about as long as basitarsus. 

Hind legs (Text-fig. 2D) .-Brownish black, except tibial spurs which 
are white; coxae much compressed and disc-like; femora and tibiae 
compressed; tibiae with two long and thick spurs and also \vith a row 
of thick setae on outer rnargin; basitarsus as long as following three 
tarsal segments combined. 

4 
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Abdomell.-Black, shining, slightly longer than thorax, flat above 
and keeled below; ovipositor slightly exserted. 

Female length: 1.77 mn1-

Male. Resembles female. 

E 
E 

,." 

(:) 

~' 
, 0'1 mm. 

0'1 mm. 

E 
E 

f"\ 
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O·3mm. 

O'2mm. 

0'1 mm, 

J 

E 
E 

C'I 
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Text-fig. 3(A-K}.-Euryischia indica Mani & Kurian (A) Head facial view; (B) Mandi
ble; (0) Maxillary and labial palps; (D) Ar .. tenna; (E) Pronotum; (F) Fore 
wing venation; (G) Fore leg; (H) Middle leg; (1) Subgenital plate; (J) Genita
lia; (K) Male antenna. 

Material cxami1lcd.-20 ~, 10 C!, INDIA: Bihar, Darbhanga, Pusa, 
ex /cer.yapilosa Green on Saccharum officillarurn Linn., 8-11-1969 (S. Adam 
Shafee); 20 ~, 5 if, I~DIA: Andhra, Kurnool, Giddalur, ex lcerya s~
chellaruJ1l (vVestwood) on Cassia sp., 20-2-1971 (S. Adam Shafee). Mate
rial in Zoological MUSeUIJl, Aligarh Muslim University, Aligarh, India. 
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~lYIOCNEMINAE subfam. n. 

rr'ype-genus, lvI),iocrtema Ashmead 
i\shmead, 1900, Canad. Ent. 32: 349. 
Smith & Compere, 1928, [lniv. G1alif. Publ. Ent. 4: 301. 

EuryischoDlyia Girault 

The genus is characterised as follows: 

Female (Text-fig. 4A) 

27 

Body black, covered -with coarse setae; head (Text-fig. 4B) wider 
than long in facial view; mandibles (Text-fig. 40) ,vith one acute tooth 
and a truncation; maxillary and labial palps (Text-fig-. 4D) each 2-seg
mented; antennae (Text-fig. 4E) 8-segment~d, excluding t"vO ring seg
ments; pronotum (Text-fig. 4F) with posterior margin straight; mesos
cutum with well developed parapsidal furrows; axillae widely separated; 
post axillae (Text-fig. 10, Pax) present; propodeum uniformly broad; 
fore wings \vith basal one-third naked and with a broad transverse in
fuscated band beneath the marginal and postmarginal veins; submar
ginal vein long, slightly dilated at apex; marginal, postmarginal and 
stigmal veins ,veIl developed; fore tibial spur curved; hind coxae and 
femora enlarged; hind tibiae with single spur and also with a row of 
thick setae on outer Inargin (Text-fig. 20); abdomen about as long as 
head and thorax combined; ovipositor slightly exserted: subgenital 
plate (Text-fig. 4G) "vith broadly rounded posterior margin; third 
valvulae (Text-fig-. 4H) di~ . .tinct, movably articulated ,vith second valvi
rers. The genus is recorded for the first time from India. 

Euryischom.yia alami* sp.n. 

(Text-figs. 4A-H) 

This species is closely related to E. washingtoni G-irault, from which 
it can be separated in having first funicle segment much short and dis
tinctly wider than long; basal one-third of fore '-'ling naked; legs except 
tibiae and tarsi brownish .. black. 

Fenzale (Text-fig. 4A) 
Head (Text-fig. 4B) .-Black, with coarse setae, ",rider than long in 

facial view; frontovertex slightly wider than loug; ocelli arranged in 
obtuse angled triangle, basal ocellus removed 2 times its diameter from 
eye rim, still more renloved from occipital margin; mandibles (Text-fig. 
40) \vith one acute tooth and a broad truncation; maxillary and labial 
palps (Text-fig-. 4D) each 2-segmented. 

Antennae (Text-fig. 4E) .-Dark-bro,vn; scape cylindrical about four 
a half times longer than wide; pedicel slightly more than two times 
and longer than, as long as ring and following two funicle segments 
combined; two ring segrrlents present; first funicle segment much 

* Named after Prof. S. Mashhood Alam. 
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short and distinctly wider than long (0.025 :0.019 mm); second and 
third funicle segments' ahout as long as wide; club slightly more than two 
times longer than wide, di!"tinctly longer than funicle. 

o 

o 0 

1~ 
. D '\;- ,e 01 mm. J \lfl1 

O·07mm. , 

O·2mm. 

- -

Text-fi~. 4(A ... H):-Euryischomyia. alami sp.n. (A) Entire female; (B) Head facial view; 
(C) MandIble; (D) I\1ruollary and labial palps' (E) Antenna' (F) Pronotum· 
(G) Subgenital plat~; (H) Genitalia~ , , , , 
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Tizorax.-Black; pronotum (Text-fig. 4F) with posterior margin 
straight, bearing 6 long setae; nlesoscutum with 7 pairs of setae; each 
axilla and parapside with 4 and 2 setae respectively; post axilla naked; 
scut~llum with 3 pairs of setae; propodeuIll uniformly nluch broad. 

Fore wings.-Slightly less than three t.imes longer than \vide; basal 
one-third naked; broad transverse infuscated band present beneath 
the marginal and postmarginal veins; cost~.l ce 11 broad; submarginal 
vein long and ~lightly dilated at apex; marginal vein slightly less than 
half of submarginal and distinctly longer than postInarginal and stigmal 
veins separately; marginal fringe spaced by a di.stance equal to one-sixth 
their length. 

Hind wings.-Hyaline, about five times longer than wide; length 
of marginal fringe equal to one-third of wing \'1idth and are spaced by 
a distance equal to one-fifth their length. 

Legs.-Coxae, trochanters, femur and pre~arsus dark-brown; tibiae 
and basal four tarsal segments yelloVv'ish-brown; hind coxae and femora 
enlarged; hind tibiae \,\,ith single spur and also with a row of thick setae 
on outer margin. 

Abdomen.-Black with slight metallic reflections and about as long 
as head and thorax combined; ovipositor slightly exserted. 

Female length: 1.48 mm. 

Holotype ~, 1 ~ paratype, INDIA: Mysore, Bangalore, Channa
patna, ex Nipaecoccus vastator (Maskell) on Mangifera indica Linn., 2-7-1968 
(S. Adam Shafte). Materia] in Zoological Muc;eum, Aligarh Muslim 
University, 4~ligarh,. India. 

POST l\XILLA 

Smith and Compere (1928) have shown the presence of a triangular 
sclerite lying posterior to and contiguous with the axilla in the genus 
.l~f)'iocnema Ashmead. They did not propose any name for this sclerite. 
The present writer has observed a similar sclerite in the genera EU1J)ischia 
Riley (Text-fig. ID, Pax) and EU1),ischomyia Girault (Text-fig. Ie, Pax), 
for 'Nhich -the name Post axilla is proposed. 

SUMMARY 

A ne\", family Euryischidae is proposed, based on the genus Eur:vis
chia Riley. The systematic position of the genera Myiocnenza .Ashmead 
and Eur:.vischonzyia Girault is discussed. Two ne,,,, subfa.milies, Euryi~
chinae based on the genus Eur.;vischia and Myiocneminae based on the 
genus lVlyiocnclna under Euryischidae have been proposed. ...~ key to 
subfamilies and genera of Euryischidae· fam.n. is given. Euryischia 
indica lvlani & Kurian in the suhfamily Euryischinae and Euryischomyia 
alami sp.n. in the subfamily Myiocneminae are described in detail. The 
name Post axilla is given to a sclerite lying posterior to and contiguous 
\vith the axilla in the genera Euryischia, M..l'iocnema and Euryischolnyia. 
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ON SOME NEW SPECIES OF SPIDERS OF FAMILY 
GNAPHOSIDAE (ARANEAE : ARACHNIDA) 

FROM GUJARAT, INDIA 

By 

B. H. PATEL! AND H. K. PATEL2 

(With 3 text-figures) 

INTRODUCTION 

Although the spiders are extremely abundant throughout our 
country, the representative works of Pocock (1900) and Thorell (1895) 
contain no references to the family Gnaphosidae. Very recently 
Tikader (1959, 1961) described several new species of spiders belonging 
to different families including Gnaphosidae. 

In course of the taxonomic studies of spiders, one of the authors 
(BHP) collected spid~s from various parts of Gujarat State during 
the last four years. Whil~ examining the interesting collections one 
of the authors (BHP) came across several new and remarkable forms 
of spiders. The present paper contains the descriptions of three new 
species of gnaphosid spiders. 

The spiders of this family are of typical appearance and for the 
most part, dull coloured or black or brown-black. They live under 
stones, amongst leaves or in the roots of grasses or heather. Scotophaeus 
is normally found in the houses and out-houses. Most species are 
nocturnal.in habit excepting Micaria. Some of them build silken re
treats but no regular web for the capture of prey. 

All the type specimens will in due course be deposited in the National 
Zoological Collections of Zoological Survey of India, Calcutta. 

1. Drassodes gujaratensis sp. D. 

(Text-fig. 1, a-e) 

General.-Cephalothorax and legs dark-brown, abdomen brown. 
Total length 8.70 mm. Carapace 3.44 mm. long, 2.73 mm. wide; 
abdomen 5.25 nun. long, 3.00 mIn. wide. 

1. Dr. B. H. Patel, Department of Biology, V. P. Mahavidyalaya (Science College), 
Vallabh Vidyanagar (W. Rly.), Via. Anand (Gujarat State), India. 

2. Dr. H. K. Patel, Department of Entomology, B. A. College of Agriculture, 
Institute of Agriculture, Anand (W. RIy.) (Gujarat State), India. 
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CePhalothorax~ Slightly broader anteriorly, longer than broad, 
covered with few black' hairs, with a fovea on the thorax and radial 
furrows. Eyes of anterior row straight, posterior row slightly longer 
and procurved, anterior medians dark in colour, rest white; anterior 
medians smaller than the laterals and a little closer to the laterals than 
to each other, posterior medians oblong, slightly larger and close to 
each other than to the laterals. Ocular quad longer than broad. 
Sternum oblong, truncate anteriorly and pointed behind, with a dark
brown margin, covered with hairs. Labium ovate reaching beyond the 
mid-point of maxilla as in Text-fig. 1, c. Chelicerae brown, vertical, 
strong, with two promarginal and three retromarginal teeth as in 

2 mm. 

o 

1 mm. 

Tex.t-fig. 1. Drassodes grgaratensis sp. n. 

(!') Dorsal view of female, legs on one side omitted; (b) Epigyne; (c) Sternwn, 
labIum and maxilla; (d) Right chelicera; ( e) Spinners seen from ventral side. 



PATEL AND PATEL: On spiders from Gujarat 35 

Text-fig. 1, d. Legs long, stout, brown, covered with hairs and few spines. 
Only two dorsal spines on femora I and II; two ventral spines on meta
tarsus I and three on metatarsus II; spines on all segments except tarsi 
of III and IV Scopulae extended nearly up to the base of metatarsi 
and tarsi of I and II and upto the base of tarsi III and IV Two pecti
nate tarsal claws with claw tufts present. 

Abdomen.-Brown, oblong, covered with fine pubescence. Dorsally 
pale yellowish patches marked by faint yellow lines and a pair of dark 
oval spots just near the anterior half. Ventrally inbetween the posterior 
half and the spinners, light colour chevrons present. Epigyne as in 
Text-fig. 1, b. 

Holotype.-Female in spirit. 
Type-locality.-Vallabh Vidyanagar ca. 6 kilometers West of Anand, 

Dist. Kaira; 9.x.1967; B. H. Patel ColI. 
Distribution.-Known from the type-locality only. 
This species resembles to Drassodes malodes Tikader, but differs as 

follows: (i) Anterior rOw of eyes straight but in D. malodes anterior row 
of eyes slightly procurved. (ii) Anterolateral corner of abdomen not 
angular but in D. malodes anterolateral corner of abdomen slightly 
angular. (iii) Dorsally and ventrally colour patches on abdomen but 
in D. malodes no such colour patches. (iv) EpigynaI structure also 
differs. 

2. Scotophaeus chohanius sp. n. 
(Text-fig. 2, a-e) 

General.-Cephalothorax and legs brown, abdomen dark-brown 
to black. Total length 5.66 mm. Carapace 2.21 mm long, I.Bl mm. 
wide; abdomen 3.45 mm. long, 2.1B mm. wide. 

Cephalothorax.-Longer than wide, clothed with fine pubescence. 
Cephalic region high with depression and radial furrows, a fovea on the 
thorax. Eyes of both rows procurved; anterior medians round and 
dark and slightly smaller than the laterals, posterior medians irregular
oblong; eyes pearly white except anterior medians which are dark. 
Ocular quad as long as wide. Clypeus low. Sternum heart-shaped, 
tapering and pointed behind, brown, clothed with hairs. Labium and 
maxilla as in Text-fig. 2, c; labium reaching beyond the mid-point of 
maxilla. Chelicerae vertical, brown and robust on anterior surface 
as in Text-fig. 2, d. Legs brown, long, clothed with hairs and few 
black spines. Two dorsal and one epical prolateral spines on femora I. 
Two unpaired dorsal spines on femora II. Scopulae on metatarsi 
and tarsi of all legs; tarsi with two pectinate claws. 

Abdomen.-Oblong, longer than broad, dark-brown to black, clothed 
with fine pubescence. A mid-dorsal black patch with two lateral 
ob1ong brown spots present. Ventral side lighter in colour with two 
black lines extending from epiga~tric fold upto posterior one-fourth 
length of abdomen. Epigyne as in Text-fig. 2, b. 

Holotype.-Female, paratype one female in spirit. 
Type-locality.-Vallabh Vidyanagar ca. 6 kilometer West of Anand, 
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Dist. Kaira; 3.viii.l970;' B. H. Patel ColI. 

Distribution.-Known from the type-locality only . 
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Text-fig. 2. Scotophaeus chohan ius sp. n. 

o 

(a) Dorsal view of female, legs omitted; (b) Epigyne; (c) Sternwn, labium 
and maxilla; (d) Right chelicera; (e) Spinners seen from ventral side. 

This species closely resembles to Scotophaeus domesticus Tikader, but 
differs as follows: (i) Cephalothorax ,with radial furrows but in S. domes
ticus no radial furrows. (ii) Anterior mediaD eyes slightly smaller than 
the laterals but in S. domesticus anter~or medians larger than the la.tera.ls, 
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(iii) Shape and arrangement of eyes of posterior row quite differ. 
(iv) Femur I with two dorsal and one epical prolateral spines and femur 
II with two unpaired dorsal spines and no spines on tibia and metatarsi 
but in S. domesticus legs with black spines on tibiae and femora; tibiae I 
and II with three unpaired ventral spines; metatarsi I and II with 
one pair of ventral spines near the base. (v) A dorsal patch on mid
dorsal side of abdomen but in S. domesticus no such patch on abdomen. 
(vi) Structure of labiuln, maxilla and epigyne also differs. 

3. Phaeocedus haribhaiius sp. n. 

(Text-fig. 3, a-e) 

Gcneral.-Cephalothorax, abdomen and legs light-brown. Total 
length 8.57 mm. Carapace, 3.33 mm. long, 2.28 mm. wide; abdomen 
5.24 mm. long, 3.15 mm. wide. 

Cephalothorax.-Longer than wide, clothed with fine pubescence, 
convex with a fovea on the thorax. Cephalic region high. Eyes of 
anterior row straight to slightly procurved, dark in colour; anterior 
medians larger than the laterals; eyes of posterior row procurved, pearly 
white, posterior medians oblong and larger than the laterals. Ocular 
quad longer than wide. Sternum brown, oblong, narrowed behind, 
reaching inbetween the posterior coxae; broad and truncate anteriorly, 
covered with hairs. Labium and maxilla as in Text-fig. 3, c. Labium 
truncate in front, reaching beyond the mid-point of maxilla. Chelicerae 
brown, strong, with three promarginal and two retromarginal teeth, 
fang strong as in Text-fig. 3, d. Leg~ long, stout, covered with hairs 
and few spines. Two ventral spines on metatarsi I and II and on 
tibia I; one ventral and one prolateral spines on tibia II. Scopulae 
reaching nearly upto the base of metatarsi and tarsi of I and II and 
upto the base of tarsi of III and IV 

Abdomen.-Pale-brown, oval, clothed with fi~e pubescence, longer 
than broad, tapering posteriorly, with a yellowish-brown colour on 
anterior mid-dorsal portion. Epigyne simple as in Text-fig. 3, b. 

Holotype.-Female in spirit. 

Type-locality.-Vallabh Vidyanagar ca. 6 kilometers West of Anand, 
Dist. Kaira; 3.viii.1970; B. H. Patel ColI. 

Distribution.-Known from the type-locality only. 

This species resembles to Phaeocedus mosambaensis Tikader, but differs 
as follows: (i) Eyes of anterior row unequal but in P. mosambaensis eyes 
of anterior row equal. (ii) Abdomen pale brown, oblong, tapering 
posterior ly with an anterior mid-dorsal yellowish-brown colour but in 
P. mosambaensis abdomen dark-brown, posterior half of dorsal surface 
with deep-brown chevrons. (iii) Sternum oblong narrowed behind, 
reaching inbetween the posterior coxae, broad and truncate anteriorly, 
covered with few hairs but in P. mosambaensis sternum oval and narrowed 
behind. (iv) Structure of labium, maxilla and epigyne also differs. 
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o 

Text-fig. 3. Phaeocedus haribhaiius sp. n. 

8M 
-~ 
1 mm. 

(a) Dorsal vie\\' of female, legs omitted; (b) Epigyne; (c) Sternum, labium 
and maxilla; (d) Right chelicera; (e) Spinners seen from the ventral side. 

SUMMARY 

Three species of spiders are described in this paper. All the species 
were collected from Vallabh Vidyanagar, Dist. Kaira, Gujarat. The 
new species belong to three different genera contained in the family 
Gnaphosidae. 
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I-INTRODUCTION 

1. General 

The ninth (recorded) cycle of the Desert Locust Schistocerca gregaria 
(F orskal) (Orthoptera: Acrididae) in India started in the year 1949 
and ended in 1955. The study of the population immediately succeed
ing this swarming cycle of 1949-1955 is of considerable biological 
interest, and may throw light on the processes of phase transformation. 
This is attempted here for the non-swarming population for the years 
1956 and 1957 in India which are for convenience and because of small 
sample-size (n = 93) treated here together (also vide infra under 
Material and Methods). 

It has been shown by Roonwal and Bhanotar (1966) that the popula
tion of the last period (Group III) of the 1955-population was "disso
cians" in nature. The 1956-57 population is compared with imme
diately preceding population (1955-Gr. III), and with other known 
populations in various degrees of phase-transformation, in order to 
ascertain its correct phase status. 

The 1956-57 population is analysed in regard to size of body-parts, 
morphometric ratios, sex-ratios and eye-stripe composition. 

2. History of the 1956-57 population 

The specimens for the 1956-57 population were collected either 
singly from scattered populations or from thin concentrations. The 
populations remained fluctuating throughout the year. The maximum 
population density during the early period (January-April) in each 
year was 960 individuals per square mile. During the second period 
(May-August), the maximum population density was 5,040 per square 
mile, except for 'a few localities where the population became "count
less" During the last or third period (November and December), 
no locusts were found, and the population was zero. 

3. Abbreviation used 

Except where otherwise stated, the following abbreviations have 
been used throughout:-

0, Width of head at ocular level. 
C, Width of head at genal level. 
P, Length of pronotum. 
H, Height of pronotum. 
M, Width of pronotum at the constriction. 
E, Length of elytron. 
WI' Restricted width of elytron. 
F, Length of hind-femur. 
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S.E., Standard error. 
S.D., Standard deviation. 
S.D.P., Sexual dimorphism percentage. 
6-gregaria or 6-greg. or greg., or greg. (6), typical 6-striped phase 

gregaria individuals. 
6-7-solitaria, 6-sol., or sol. (6) or sol. (7), Typical 6- or 7-striped 

phase solitaria individuals. 
6-7-striped, 6- or 7- eye-striped. 
5-8-striped, 5- or 8- eye-striped. 
Group I Gr. I, 1954 Group I populations. 
Group II Gr. II, 1954 Group II populations. 
Group III Gr. III, 1954 Group III populations. 
1955-Gr. I, 1955 group I populations. 
Gr.I(6) or Gr.I(7), 6- or 7- striped individuals of Group I. 
Gr.II(6) or Gr.II(7), 6 .. or 7- striped individuals of Group II. 
Gr.III(6) or Gr.III(7), 6- or 7- striped individuals of Group III. 

Kakko pop., Kakko Cone. or K or Inl. Cone., Initial concentration of 
locusts Kakko village (Rajasthan) in 1949 (Misra, 1952). 

Ajmer Sw., or Ajm.sw. or Ajm.(6), Ajmer Swarm population of 
1950 (Roonwal & Misra, 1952). 

K (6) or K (7), 6- or 7- striped individuals of initial or Kakko 
Concentration ( 1949) 

N S, 
n, 

* , 
** , 
*** 

not significant. 
number of examples. 
Significant at 5 % level. 
Significant at 1 % level. 
Significant at 0.1 % level. 
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II-MATERIAL AND METHODS 

1. General 

The material for the 1956-57 population was obtained mostly from 
contiguous localities in Rajasthan, Western, India. A total of 93 speci
mens were obtained (69 for the year 1956 and 24 for the year 1957). 
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The 93 individuals were collected from eight Districts of Rajasthan 
as follows:-

District Number of samples 

1. Jaisalmer 22 
2. Bikaner 41 
3. Jodhpur 16 
4. Churu 1 
5. Barmer 6 
6. Ganganagar 4 
7. Suratgarh 2 
8. Sikar 1 

Measurements: Morphometric measurements of eight body parts 
were made and were taken according to method laid down in Third 
International Locust Conference, London (1934); and as taken earlier 
by Roonwal et. al., (1945, 1947, 1949, 1952 and 1966). 

2. Statistical procedure 

Technique: For comparison with "typical phases" and other pre
viously studied populations, statistical comparison was made in respect 
of a number of morphometric characters and ratios. The common 
mean and dispersions (standard deviation), along with their standard 
errors, were computed as usual. The difference in mean values was 
tested for significance by expressing it as a ratio to the standard error 
of difference and referring the same to Normal Distribution table, if the 
sample size was fairly large. Where the sample-size was small and 
the hypotheses of equality of variances true as judged by Variance-Ratio 
Test, Student's t distribution was employed. In case of samples size 
being small but variances unequal, a more exact test procedure was 
adopted by finding a weighted average of level of significance for the 
two samples, the weights being the squares of standard errors of res
pective mean values. The level of significance was chosen at the 5 % 
point of probability, but the significance of difference was examined at 
1 % and 0.1 % points also. 

The populations were also compared by the graphical method. 

3. Characteristics of 1956-57 population 

The adult samples were randomly collected from a non-swarming 
periods of a short duration of two consecutive years. This period of 
two years have not been separately dealt with for two reasons: (i) They 
both belong to a similar populations; and (ii) To increase the precision 
of statistical tests by including all the specimens in one sample. Classi
fication of population of any year into seasonal groups, as was done in 
previous studies, was not made due to the non-availability of sufficient 
number of specimens in all the months. It is justifiably assumed that 
the dat'a are homogeneous and truly represent the field population. 
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III-EYE-STRIPE COMPOSITION AND SEX-RATIOS 

(Table 1) 

TABLE 1.-Schistocerca gregaria. Number and distribution of samples, regarding sex
ratios and eye-stripes in the 1956-57 population in India. 

Abbreviations : As in text. 

Number of Sex-ratio Proportion (%) of 
Eye-stripe individuals (%)±S.E. eye-stripes± S.E. 
category 

Males Females Total Males Females Males Females Total 

6-striped 42 14 56 75±6 25±6 75±6 38±8 60±5 
6-striped 14 23 37 38±8 62±8 25±6 62±8 40±5 

Total 56 37 93 60±5 40±5 

1. General 

The sample size being small, the lumped population for the entire 
1956-57 period was analysed, and the results are given below:-

2. Eye-stripes (Table 1) 

Only two types of specimens, the 6- and 7- eye-striped, were obser
ved; the proportion of the two varying as follows:-

Number of eye-stripes 

6-

7-

Number 
Males 

42 
(75±6%) 

14 
(25±6%) 

( and 0/0) of individuals 
~emales 1'0 tal 

14 
(38±8%) 

23 
(62±8%) 

56 
(60±50/0 ) 

37 
(40±50/0 ) 

3. Sex-ratios (Table 1) 

The sex-ratios among the 93 individuals were: Males 56 (60.20/0)' 
females 37 (39.8%). 

The percentage of sex-ratios in relation to the eye-stripe categories 
varied thus:-

Eye-stripes 

6- eye-striped 
7 - eye-striped 

Males 

75±6% 
38±8% 

4. Discussion 

~emales 

25±6% 
62±80/0 

The eye-stripe composition and sex-ratio may now be discussed 
in relation to population and phases in the light of Roonwal's hypo
theses (1945). 
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The 6- eye-striped individuals constitute less than BO% of the popula
tion (60±5 %) and indicate solitaria affinities. In the 6- striped cate
gory, the high proportion of males (75±6%), instead of 50% which 
is characteristic of phase gregaria, indicates solitaria affinities. In the 
7- striped category, the predominance of females over males 
(~~ 62±8%: d'd'38±B%) further confirms the solitaria nature of the 
population. 

IV-MoRPHOMETRIC CHARACTERS (SIZE OF BODY-PARTS) 

(Tables 2, 3, 7 and 8; and Te~t-figs. 1-8) 

TABLE 2.-Schistocerca gregaria. Range, mean 4: S.E. and S.D. ± S.E. for various mor
phometric characters 0, C, P and H in the 1956-57 population in India. 

Abbre!Jiations: As in text. --------------------------- -------------------------
Sex: (and Statistical 

Morphometric characters (symbols) 

eye-stripes) measures ° 5.7-6.6 

C 

5.9-7.1 
(42) 

6.40±O.043 

P H -------
B.4-10.B 7.0-8.3 

(42) (42) 
Range (mm.) 

(n) 
cf (6) Mean± S.E. 

(42) 
6.13±0.032 9.B2±O.078 7.B6±O.047 

cJ (7) 

<; (6) 

~ (7) 

(mm.) 
S.D.±S.E. 

(mm.) 

Range (mm.) 
(n) 

Mean±S.E. 
(mm.) 

S.D.±S.E. 
(mm.) 

Range (mm.) 
(n) 

Mean±S.E. 
(mm.) 

S.D.±S.E. 
(mm.) 

Range (mm.) 
(n) 

Mean±S.E. 
(mm.) 

S.D.±S.E. 
(mm.) 

0.211 ±O.023 

6.1-6.9 
(14) 

6.421 ±0.059 

O.219±0.041 

6.3-7.2 
(14) 

6.72+0.076 

0.286±0.054 

6.4-7.5 
(23) 

7.04±0.003 

0.302±0.044 

0.2BO±0.030 

6.4-7.0 
(14) 

6.75±0.064 

O.23B±0.045 

7.0-7.9 
(14) 

7.39±0.OB8 

O.32B±O.062 

6.8-8.5 
(23) 

7.74+ 0.090-

O.433±0.604 

1. General 

O.503±O.05 0.304±0.033 

9.4-11.1 
(13) 

10.24±O.149 

7.5-B.B 
(14) 

8.25±O.086 

O.53B±0.I06 0.323±0.061 

10.7-12.7 
(13) 

11.46±O.176 

8.5-10.1 
(14) 

9.13±O.142 

0.633± 0.124 9.530±O.100 

10.7-13.0 
(22) 

12.10±O.129 

0.604±O.091 

8.4-10.4 
(23) 

9.57±O.116 

0.558±O.OB2 

Only the more sensitive morphometric characters were studied, 
namely: 

1. Width of head at the ocular level (0). 
2. Width of head at the genal level (0). 
3. Length of pro no tum at the keel (P). 
4. Height of pronotum at the pro zona (H). 
5. Width of pronotum at the constriction (M). 
6. Length of elytron (E). 
7. Restricted width of elytron (WI)' 
B. Length of hind-femur (F). 
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TABLE 3.-Schistocerca gregaria. Range, mean±S.E. and S.D. ±S.E. for various mor .. 
phometric characters M, E, Wl and F in the 1956-57 populations in India. 

Abbreviations : As in text. 

Sex (and Statistical 
Morphometric characters (symbols) 

eye-stripes) measures M E WI F 

Range (nun.) 4.9-6.0 45.3-55.4 5.5-7.7 23.2-27.2 

(j1 (6) 
(n) (42) (42) (42) (40) 

Mean±S.E. S.S4±O.038 50.85±0.365 6.47±0.066 25.56±0.152 
(rom.) 

0.425±0.046 S.D.±S.E. 0.247±0.027 2.364± 0.258 0.960±O.107 
(nun.) 

Range (mm.) 5.4-6.6 50.2-56.8 6.1-7.3 25.7-28.4 
(n) (14) (!,4) (14) (14) 

0' (7) Mean±S.E. 5.89± 0.080 53.25±0.578 6.76±O.093 27.09±0.253 
(mm.) 

S.E.±S.E. 0.297±0.056 2. 164±O.409 O.348±O.066 0.947±0.179 
(nun.) 

Range (mm.) 6.2-7.1 55.1-64.3 7.0-8.3 27.9-32.4 
(n) ( 14) ( 13) ( 14) (14) 

~ (6) Mean±S.E. 6.55±0.069 59.62±0.823 7.52±O.100 29.92±0.389 
(mm.) 

S.D.±S.E. O.259±0.051 2.968±0.582 O.372±0.070 1.455±O.400 
(rom.) 

Range (mm.) 6.3-7.5 56.4-68.1 7.3-8.4 29.0-34.2 
(n) (23) (23) (23) (22) 

~ (7) Mean±S.E. 6.85±0.O66 62.94±O.584 7.94±O.065 31. 73±O.288 
(rom.) 

S.D.±S.E. O.316±O.O47 2.801 ±0.413 0.311 ±O.046 1.351 ±0.204 
(rom.) 

l' ABLE 4.-Schistocerca gregaria. Range, mean±S.E. and S.D.±S.E. for the morpho-
metric ratios PIC, MIC, HIC and E/WI in the 1956-57 population in India. 

Abbreviations: As in text. 
Morphometricl'"ratios 

Sex: ( and Statistical 
eye-stripes) measures PIC MJC HIC E/W1 

Range 1.40-1.68 0.80-0.93 1.14-1.32 7.19-8.92 
(n) (42) (42) (42) (42) 

0' (6) Mean±S.E. 1.54±0.OlO 0.87±O.O05 1.23±0.O06 7.87±0.063 
S.E.±S.E. O.066±0.007 0.031 ±0.003 O.O40±0.004 0.407±O.O44 

Range 1.40-1.66 0.80-0.98 1.16-1.28 7.30-8.27 
(n) (13) (14) (14) (14) 

0' (7) Mean±S.E. 1.52±O.O20 O.87±0.OI3 1.22±O.OlO 7.89±O.O76 
S.E.±S.E. O.O71±O.O14 O.O48±0.OO9 O.O36±O.OO7 O.286±O.054 

Range 1.48-1. 70 0.80-0.92 1.18-1.28 7.61-8.58 
(n) (13) (14) (14) (13) 

~ (6) Mean±S.E. 1.56:1:0.019 O.89±O.OO9 1.24±O.OO9 7.96±O.O67 
S.D.±S.E. O.O69±0.O14 0.032 ± 0.006 O.O33±O.006 0.242±0.048 

Range 1.46-1.71 0.84±O.94 1.13± 1.29 7.52±8.47 
(n) (22) (23) (23) (23) 

~ (7) Mean±S.E. 1.57±0.014 0.89±0.OO7 1.24±0.OO9 7.93±0.O48 
S.D.±S.E. O.064±0.010 0.O32±0.OO5 0.041 ±0.006 0.228±0.O34 
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TABLE 5.-Schistocerca gregaria. Range, mean± S.E. and S.D. ± S.E. for the mor-
phometric ratios ElF, EIC and FlO in the 1956-57 population in India. 

Abbreviations : As in tex:t. 

Morphometric ratios 
Sex (and Statistical 

eye-stripes) measures ElF E/C FIC 

Range 1.92-2.06 7.39-8.59 3.70-4.25 
(n) (40) (42) (40) 

cf (6) Mean±S.E. 2.00±0.OO5 7.95±O.O41 3.98±0.021 
S.E. ±S.E. 0.032±0.O04 0.266±0.029 0.131 ±0.OI5 

Range 1.88-2.05 7.30-8.27 3.76-4.27 
(n) (14) (14) (14) 

cf (7) Mean±S.E. 1.97±0.012 7.89±0.O67 4.02±0.038 
S.D.±S.E. 0.045±0.00S 0.250±0.O47 0.143 ± 0.027 

Range 1.86-2.04 7.76-8.49 3.93-4.25 
(n) (13) (13) (14) 

~ (6) Mean±S.E. 2.00±0.O13 8.07±O.050 4.05±O.024 
S.D.:l:S.E. O.O47±0.009 0.179±0.035 0.089±O.OI7 

Range 1.92±2.10 7.56±8.83 3.91 ±4.55 
(n) (22) (23) (22) 

~ (7) Mean±S.E. 1.99±O.OO8 S.14±O.058 4.11 ±0.033 
S.D.±S.E. 0.039±0.O06 0.281±0.041 0.157 ± 0.024 

TABLE 6.-Schistocerca gregaria. Intra-population comparison of various 
morphometric characters and ratios (within same sex and 
eye-stripe category) in the 1956-57 population in India. 

Abbreviations : As in text. 

Significance of differ- Significance of differ-
Characters ence between sexes ence in eye-stripes (6 & 7) 
and ratios 

6-striped 7-striped 

0 *** *** *** ** 
C *** **. *** ** 
P *** **. * ** 
H *** *** *** * 
M *** *** *** ** 
E *** *** *** *. 
W1 *** *** * .** 
F *** *.* *.* *** 
PIC NS * NS NS 
MIC NS NS NS NS 
HIC NS NS NS NS 
E/W1 NS NS NS NS 
ElF NS NS '. NS 
E/C NS ** NS NS 
FIe * NS NS NS 
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TABLE 7.-Sehistoeerca gregaria. Inter-population comparison of mean±S.E., for the 
morphometric characters 0, C, P and H between the 1956-57 population 
and other known populations. 

Abbreviations: As in text. 

Significance of difference from the 1956-57 population 
in mean values for characters 

Populations with 
eye-stripes 0 C P H 
(6- or 7-) 

(6) (7) (6) (7) (6) (7) (6) (7) 

Males 

greg. (6) *** *** NS * *** NS 
Cal.Sw.(6) 1961 *** *** * NS 
Ajm.Sw.(6) 1950 *** *** NS NS 
Sol. (6) 
sol.(7) 
Gr.III(6) 1955 * ** * ** NS * *** NS 
Gr.III(7) 1955 *** 1';S *** NS ** NS *** NS 
Kakko CGne.(6) 1949 - *** * NS ** 

Females 

greg. (6) *** NS *** *** NS *** 
Cal.Sw.(6) 1961 *** * **". *** 
Ajm.Sw.(6) 1950 NS NS NS *** 
sol.(6) 
sol.(7) 
Gr.III(6) 1955 NS * NS NS * *** NS NS 
Gr.II~7) 1955 *** NS *- NS * NS "-** ** 
Kakko one.(6) 1949 - NS NS ** *** 
Kakko Cone. (7) 1949 -

TABLE 8.-Sehistoeerea gre.l(aria. Inter-population comparlson ofmean±S.E., for various 
morphometric characters M, E, WI and F between the 1956-57 population 
and other known populations. 

Abbreviations : As in text. 

Significance of difference from 1956-57 population 
in mean values for characters 

Populations with 
eye-stripes M E WI F 
(6- or 7-) 

(6) (7) (6) (7) (6) (7) (6) (7) 

Males 

greg. (6) *** NS ** NS *** *** 
Cal.Sw. (6) 1961 *** NS ** *** 
Ajm.Sw.(6) 1950 *** NS *** *** 
sol. (6) ** NS NS *** 
sol.(7) ** NS * ** 
Gr.III(6) 1955 *** NS * NS * NS NS *** 
Gr.III(7) 1955 *** NS ** NS * NS NS ** 
Kakko Cone. (6) 1949 - NS ** ** *** 

Females 

greg. (6) NS *** NS *** *** *11* 
Cal.Sw.(6) 1961 NS *** *** *** 
Ajm.Sw.(6) 1950 NS NS *** *** 
sol.(6) * * 1'\S *** 
sol. (7) *** NS * * 
Gr.III(6) 1955 NS NS NS ** NS *** * *** 
Gr.III(7) 1955 =t** ** *,,* NS ** NS ** NS 
Kakko Cone. (6) 1949 - NS *** *** *** 
Kakko Cone. (7) 1949 - NS NS NS NS 

7 
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TABLE 9.-S,;histoeerea gregaria. Inter-population comparison ofmean±S.E., 
for the morphometric ratios PIC, MIC and HIC between the 
1956-57 population and other known populations. 

Abbreviations : As in text. 

Significance of difference from 1956-57 population 
in mean values for ratios 

Population with 
eye-stripes PIC MIC HIC 

(6 & 7) 
(6) (7) (6) (7) (6) (7) 

---
Males 

greg. (6) *** *** *** *** *** *** 
Cal.Sw. (6) 1961 *** *** 
Ajm.Sw. (6) 1950 *** *** 
sol. (6) 
sol. (7) 
Gr.III(6) 1955 * NS *** NS * * 
Gr.III(7) 1955 NS NS *** NS * * 
Kakko Cone. (6) 1949 *** NS 

Females 
greg. (6) *** *** *** *** *** *** 
Cal.Sw. (6) 1961 ~** *** 
Ajm.Sw. (6) 1950 
sol. (6) 

*** *** 

sol. (7) 
Gr.III(6) 1955 * ** NS NS NS -NS 
Gr.III(7) 1955 NS NS *** *** *** *** 
Kakko Cone. (6) 1949 *** *** 
Kakko Cone. (7) 1949 

TABLE 10.-Sehistoeerea gregaria. Inter-population comparison of mean= ± .E. for the 
morphometric ratios E/W1 , ElF, EIC and F/C between the 1956-57 popu-
lation and other known populations. 

Abbreviations: As in text. 

Significance of difference from 1956-57 population 
in mean values for ratios 

Populations with 
eye-stripes E/W1 
(6 & 7) 

ElF E/C FIG 

(6) (7) (6) (7) (6) (7) (6) (7) 

Males 
greg. (6) *** *** *** *** 
Cal.Sw. (6) 1961 ** *** *** *** 
Ajm.Sw. (6) 1950 *** *** *** *** 
sol. ~6) *** *** ... ' 
sol. 7) NS * 
Gr.III(6) 1955 NS NS *** ** NS NS *** ** 
Gr.lll(7) 1955 NS NS NS ** NS NS NS * 
Kakko Cone. (6) 1949 - *** *** *** *** 

Females 
greg (6) *** *** *** *** 
Cal.Sw.(6) 1961 ** ** *** *** 
Ajm.Sw. (6) 1950 *** *** *** *** 
sol. (6) *** *4* 
sol. (7) * *** 
Gr.llI(6) 1955 NS NS ** *** NS NS * ** 
Gr.1II(7) 1955 * ** ** *** ** NS NS NS 
Kakko Cone. (6) 1949 - *** *** *** *** 
Kakko Conc.(7) 1949 - ** *** 



BHANOTAR ET AL : On locust populations 51 

The data were compared among the sexes and the eye-stripe cate
gories, and also with the conditions obtaining in the following known 
populations for which data are available:-

(i) 6- and 7- eye-striped individuals of "typical" phase solitaria 
and phase gregaria (Roonwal, 1949; Roonwal and Nag, 1951). 

(ii) 6- eye-striped (males and females) and 7- eye-striped (females 
only) individuals of the Initial or Kakko Concentration of 1949, i.e., 
the first year population of the 1949-55 Swarming cycle (Misra, 1952). 

(iii) 6- eye-striped individuals of the Ajmer Swarm of 1950 i.e., 
the second year of the 1949-55 swarming cycle (Roonwal and Misra, 
1952). 

(iv) 6- eye-striped individuals of the Calcutta Swarm of 1961, i.e., 
the third year population of the 1959-63 swarming cycle (Roonwal and 
Bhanotar 1962, and in Press). 

(v) 6 .. and 7- eye-striped individuals of the 1955-Gr.III population 
(the last year of the 1949-55 cycle) (Roonwal and Bhanotar, 1966). 

2. Width of head at the ocular level (0) 
(Tables 2, 6 and 7; and Text-fig. I) 

(a) Mean width (mm.) (Table 2): This varies as follows:-

Sex (and eye-stripes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

Mean width (mm.) ± S.E. 

6.13±O.032 
6.42±O.059 
6.72±O.076 
7.04±O.063 

(b) Inter-sex comparison (Table 6): In both the 6- and 7- striped 
categories, the value is significantly higher (at all levels) in females 
than in the corresponding males. 

(c) Inter-eye-stripe comparison (Table 6): In both males and females, 
the value in 6-striped forms in significantly lower than in 7- stripes ones 
at all levels. 

(d) Inter-population comparison (Table 7): Comparison was made 
with the 1955 .. Gr.III population (data given below); no comparison 
·could be made with other population for want of data. 

1955-population 
(and eye-stripes) 

Gr.111 (6) 
Gr.111 (7) 

Mean width (mm.) ± S.E. 
Males ~emales 

6.24±O.025 
6.46±O.05 

6.75±O.OI3 
7.14±O.05 

In 6-striped males, the mean value is significantly lower than in 
1955-Gr.III at the 5 % level only. In all other cases (i.e., 6-striped 
females and 7 -striped males and females), the values in the 1956 .. 57 
population do not differ significantly from the 1955 .. Gr.III, 
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(e) Sexual dimorphismpercentage: The S.D.P.±S.E. varies asfollows:-

1956-57 
population 

6- eye-striped 
7 - eye-striped 

S.D.P. 

9.62±1.38 
9.66± 1.40 

1955-population 
(and eye-stripes) 

1955-Gr.I (6) 
1955-Gr.II (6) 
1955-Gr.III (6) 
1955-Gr.III (7) 

S.D.P. 

6.51±1.36 
6.09±0.31 
8.17±2.19 

10.53±1.10 

In the 6- eye-striped category, the value is not significantly different 
from those in the 1955-Grs.I and III, but is higher than in the 1955-Gr.II 
at the 5 % level. No significant difference is noticed in the 7 -striped . , 
categorIes. 

1956·57(7 

1956·57(6) 

I I , ,.. 
I ..-, -,---

I ,. • tf . III (7) 

'" .111 (6 
Gr.II(6 ___ ...L.,......-.-~ __ 

KEY 
2 s.E._ 
MEAN f 
I S. D . .---, 
RANGE-

I t , 
• , I 

WIDTH OF HEAD A T OCULAR LEVEL (0) 

Text-fig. l.-Schistocerca gregaria. Dicegram to show, variance of range, mean and its 
confidence limits (2 S.E.) and standard deviation (S.D.) in various 
populations regarding width of head at ocular level (0). 
(For explanations see text.) 

3. Width of head at the genal level (C) 
(Tables 2, 6 and 7; and Text-fig. 2) 

(a) Mean width (mm.) (Table 2): This varies as follows:-

Sex (and eye-stripes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

Mean width (mm.)±S.E. 

6~40±O.043 

6.75±0.064 
7.39±O.088 
7.74±O.090 

(b) Inter-sex comparison (Table 6) : In both the 6- and 7- eye-striped 
categories, the value in females is significantly higher than in corres
ponding males at all levels. 

(c) Inter-eye-stripe comparison (Table 6): In both males and females, 
the value in 6-striped forms is significantly lower than in 7-striped ones 
at all levels, 
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(d) Inter-population comparison (Table 7): The 1956-57 population 
is compared with other known populations (data given below), as 
follows:-

Other populations 
(and eye-stripes) 

6-greg. 
Ajm. SW.(6) 
Cal.Sw.(6) 
Kakko (Inl. ) Cone. (6) 
1955-Gr.III (6) 
1955-Gr.III (7) 

Mean (mm.) ± S.E. 
Males Females 

7.55±O.045 
7.53±O.082 
7.43±O.040 
7.60±O.033 
6.55±O.04 
6.67±O.05 

7.89±O.074 
7.90±O.248 
8.00±O.050 
7.41 ±O.041 
7.42±O.16 
7.70±O.05 

6-striped males :-The value in the 1956-57 population is significantly 
lower than in the 6-greg., the Ajm.Sw., the Kakko Cone. and the Cal.Sw., 
at all levels, and the 1955-Gr.III at the 50/0 level only. 

6-striped females: The value is significantly lower than in 6-greg. 
and Cal.Sw. at all levels, but is not different from those in the Ajm.Sw., 
the Kakko Cone. and the 1955-Gr.III. 

7-striped males and females: The values are not significantly different 
from those in the corresponding sex of 1955-Gr.III at all levels. 

(e) Sexual dimorphism percentage: The S.D.P.±S.E. varies as follows:-

1956-57 
pO/Julation 

6-eye-s tri ped 
7 -eye-stri ped 

.,. 
I i I. I 
'¥ 

• 

S.D.P. Other populations 
(and eye-stripes) 

15.47±1.58 
lS.67±1.72 

1955-Gr.I(6) 
1955-Gr.II(6) 
1955-Gr.III(6) 
1955-Gr.III(7) 
6-greg. 
Ajm.Sw.(6) 
Kakko Cone. (6) 

KEY 
2 5oE._ 
MEAN t 
I S.~. r---1 
RANGE-

• I I 

1) 

WIDTH OF HEAD A T GENAL LEVEL (CJ 

.,. 
I I 

• 

S.D.P. 

7.11 ± 1.46 
9.44±O.40 

13.28±2.62 
15.44± 1.18 
4.50±1.50 
4.91 

12.27±O.8 

Text-fig. 2.-Schistocerca gregaria. Dicegram to show variance in range, mean and its 
confidence limits (2 S.E.) and standard deviation (S.D.) in vario'l Q 

populations reg~rding width of head at genal level (C). 
(For explanations see text.) 
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In the 6- eye-striped category, the value in the 1956-57 population 
is significantly higher than in the 6-gerg .. and the 1955-Grs.1 and II, 
at all levels, but is not different from those in the 1955-Gr.111 and the 
Kakko Cone. No significant difference is noticed in the 7- eye-striped 
category. 

4. Length of pronotum at the keel (P) 

(Tables 2, 6 and 7; and Text-fig. 3) 

(a) Mean length (mm.) (Table 2): This varies as follows:-

Sex (and eye-stripes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

Mean length (mm.) ±S.E. 

9.82±O.078 
10.24±0.149 
1 I.46±O.176 
12.10±O.129 

(b) Inter-sex comparison (Table 6): In both the 6- and 7- eye-striped 
categories, the value in females is significantly higher than in corres
ponding males, at all levels. 

(c) Inter-eye-stripe comparison (Table 6): In both males and females, 
the value in 6-striped forms is significantly lower than in 7 -striped ones, 
a t all levels. 

(d) Inter-population comparison (Table 7): The 1956-57 population 
compare with other populations (data given below), as foIIows:-

Other populations 
(and eye-stripes) 

6-greg. 
Cal.Sw.(6) 
Ajm.Sw.(6) 
K akko Cone. (6) 
1955-Gr.III(6) 
1955-Gr.III(7) 

Mean length (mm.)±S.E. 
Males Females 

9.S7±O.079 
10.07±O.090 
lO.OI±O.108 
9.76±O.054 
9.S6±O.06 

10.20±O.OS 

10.49 ± 0.133 
10.79±0.090 
10.7S±O.343 
10.94±0.088 
10.76±O.29 
11.90±0.IO 

6-striped males: The value in the 1956-57 population is not signi
ficantly different from those in 6-greg., the Ajm. Sw., the Kakko Cone. 
and the 1955-Gr.III, at all levels, but is significantly lower than in the 
Cal.Sw. at the 50% level only. 

6-striped females: The value is significantly higher than in 6-greg. 
and the Cal.Sw. at all levels, the 1955-Gr.III at the 5 % level, and the 
Kakko Cone. at the 1 % level, but is not significantly different from that 
in the Ajm.Sw. at all levels. 

7-striped males and females: For each sex the values are not signi
ficantly different from those in the 1955-Gr.III at all levels. 
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(e) Sexual dimorphismpereentage: The S.D.P.±S.E. varies as follows:-

1956-57 
population 

6- eye-striped 
7- eye-striped 

S.D.P. 

l6.70±2.0l 
l8.l6±2.l3 

Other populations 
(and eye-stripes) 

1955-Gr.I(6) 
1955-Gr.II(6) 
1955-Gr.III(6) 
1955-Gr.III(7) 
6-greg. 
Ajm.Sw.(6) 
Kakko Cone. (6) 

S.D.P. 

8.38±1.74 
9.26±O.44 
9.l3±3.06 

l5.67±1.38 
6.28±1.60 
7.69 

l2.09±1.09 

In the 6- eye-striped category, the value in 1956-57 population is 
significantly higher than in 6-greg., and the 1955-Gr. II at all levels, 
and 1955-Gr.I at the 1 % level, and the 1955-Gr.III and the Kakko 
Cone. at the 5 % level. No significant difference is seen in the 7-striped 
category. 
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Text-fig. 3.-Schistocerca gregaria. Dicegram to show variance in range, mean and its 
confidence limits (2 S.E.) and standard deviation (S.D.) in various 
populations regarding length of pronotum (P). 
(For explanations see text.) 

5. Height of pronotum at the prot-ona (H) 

(Tables 2, 6 and 7; and Text-fig. 4) 

(a) Mean height (mm.) (Table 2): 

Sex (and eye-stripes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

This varies as follows:-

Mean height (mm.)±S.E 

7.86±O.047 
8.25±O.086 
9.l3±O.142 
9.57±O.116 
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(b) Inter-sex comparison: (Table 6) : In both the 6- and 7- eye-striped 
categories, the value in females is significantly higher than in corres
ponding males at all levels. 

(c) Inter-eye-stripe comparison (Table 6): In both males and females, 
the value in 6-striped forms is significantly lower than in 7-striped ones 
at all levels. 

(d) Inter-population comparison (Table 7): The 1956-57 population 
compare with other known populations (data given below) as follows:-

Other populations 
(and eye-stripes) 

6-greg. 
1955-Gr.III(6) 
1955-Gr.III(7) 

Mean height (mm.) ±S.E. 
Males Females 

8.39±O.05 8092±O.IO 
8.20±O.04 9.10±O.27 
8.40±O.09 9.90±O.07 

6-striped males: The value is significantly lower than in 6-greg. 
and the 1955-Gr.III at all levels. 

6-striped females: The value is not significantly different from that 
in 6-greg. and the 1955-Gr.III at all levels. 

7-striped males and females: For each sex the values are not signi
ficantly different from those in the 1955-Gr.III at all levels. 

(e) Sexual dimorphismpercentage: The S.D.P.±S.E. varies as follows:-

1956-57 
population 

6- eye-striped 
7 - eye-striped 

SoD.P. 

16.16±1.93 
16.00±1.86 

Other populations 
(and eye-stripes) 
1955-Gr.I(6) 
1955-Gr.II(6) 
1955-GroIII(6) 
1965-Gr .111 (7) 

S.D.P. 

8.34± 1.74 
10.32±O.43 
10.98±3.37 
17.86±1.58 

In the 6- eye-st·riped category, the value in the 1956-57 pupulation 
is significantly higher than in the 1955-Grs.I and II at all ~evels, but 
ir not significantly different from that in. the 1955-Gr.III. No signi
ficant difference is seen in the 7-striped categories. 
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Text-fig. 4.-Schistocerca gregaria. Dicegram to show variance in range, mean and its 
confidence limits (2 S.E.) and standard deviation (S.D.) in various 
populations regarding height of pronotum (H). 
(For explanations see text.) 
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6. Width of pronotum at the constriction (M) 

(Tables 3, 6 and 8; and Text-fig. 5) 

57 

(a) Mean width (Table 3): This varies as follows:-

~ex (and eye-stripes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

Mean width (mm.)±S.E. 

5.54±0.038 
5.89±0.080 
6.55±0.069 
6.85±0.066 

(b) Inter-sex comparison (Table 6) : In both the 6- and 7- eye-striped 
categories, the value in females is significantly higher than in corres
ponding males at all levels. 

(c) Inter-eye-stripe comparison (Table 6): In both males and females, 
the value in 6-striped forms is significantly lower than in 7-striped ones 
at all levels. 

(d) Inter-population comparison (Table 8): The 1956-57 population 
compare with other populations (data given below), as follows:.-

Other populations 
(and eye-stripes) 

6-greg. 
1955-Gr.III(6) 
1955-Gr.III (7) 

Mean width (mm.) ±S.E. 
Males Females 

5.86±0.04 
5.84±0.03 
5.98±0.05 

6.36±0.08 
6.67±0.15 
7.09±0.04 

6-stri/1ed males: The value is significantly lower than In 6-greg. 
and the 1955-Gr.III at all levels. 

6-striped females: The value is not significantly different from those 
in 6-greg. and the 1955-Gr.III at all levels. 

7-striped males: The value is not significantly different from that 
in the 1955-Gr.III at all levels. 

7 -striped females: The value in 1956-57 population is significantly 
lower than in the 1955-Gr.III at all levels. 

(e) Sexual dimorfJhismpercentage: The S.D.P. ±S.E. varies as follows:-

1956-57 
population 

6- eye-striped 
7- eye-striped 

S.D.P. 

18.23± 1.50 
16.30± 1.92 

Other populations 
(and eye-stripes) 

1955-Gr.I(6) 
1955-Gr.II(6) 
1955-Gr.III(6) 
1955-Gr.III(7) 

S.D.P. 

12.41 ±1.56 
12.1S±0.40 
l4.21±2.58 
lS.56± 1.21 

In the 6- eye-striped category, the value in the 1956-57 population 
is significantly higher than in 1955-Gr.I (at 1 % level) and 1955-Gr.II 

8 
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(at all levels), but is not significantly d.ifferen~ from that. in 1955-Gr.~II 
at all levels. No significant difference IS seen In the 7-strlped categories. 
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Text-fig. 5.-SchistoceTca gregaria. Dicegram to show variance in range, mean and its 
confidence limits (2 S.E.) and standard deviations (S.D.) in various 
populations regarding width of pronotum (M). 
(For explanations see text.) 

7. Length of elytron (E) 

(Tables 3, 6 and 8; Text-fig. 6) 

(a) Mean length (Table 3): 

Sex (and eye-stripes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

This varies as follows:-

Mean length (mm.) ±S.E 

50.85±O.365 
53.25±O.57B 
59.62±0.823 
62.94±O.584 

(b) Inter-sex comparison (Table 6) : In both the 6- and 7- eye-striped 
categories, the value in females is significantly higher than in the corres
ponding males at all levels. 

(c) .Inter-eye-stripe comparison (Table 6): In both males and females, 
the value in the 6- striped forms is significantly lower than in 7 -striped 
ones at all levels. 

(d) Inter-population comparison (Table 8): The 1956-57 population 
compare with other known populations (data given below), as follows:-

Other populations 
(and eye-stripes) 

6-greg. 
Cal.Sw. (6)
Ajm.Sw.(6) 
6-sol. 
7-sol. 
Kakko Conc.(6) 
Kakko Conc.(7) 
1955-Gr.III (6) 
1955-Gr.III(7) 

Mean length (mm.) ± S.E. 
lkfales l?emales 

52.85±O.52 
53.82±O.45 
54.16±O.70 
52.15±0.24 
52.38±0.42 
Sl.46±O.29 

52.07±O.31 
52.58±O.43 

58.01 ±O.81 
59.36±O.82 
59.70± 1.68 
61.56±0.31 
62.90±0.26 
59.73±O.42 
61.83± 1.41 
59.74±0.91 
63.39±0.48 
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6-striped males: The value in the 1956-57 population is significantly 
lower than in 6-greg. and the AJm.Sw. at 1 % level, the Cal.Sw. at the 
0.1 % le.vel, and ~he 6-s01. and the. 1955-Gr.III at the 5 % level; it is 
not signIficantly dIfferent from that In the Kakko Cone. at all levels. 

6-strif?ed females: The value is not significantly different from those 
in 6-greg., the Cal.Sw., the AJm.Sw., the 1955-Gr.III and the Kakko Cone., 
at all levels, but is significantly lower than in 6-sol. at the 5 % level. 

7-striped males: The value is not significantly different from those 
in 7-sol. and the 1955-Gr.III at all levels. 

7 -striped females: The value is not significantly different from those 
in 7-s01., the 1955-Gr.III and the Kakko Cone. at all levels. 

(e) Sexual dimorphismpereentage: The S.D.P. ±S.E. varies as follows:-

1956-57 
population 

6- eye-striped 
7 - eye-striped 

S.D.P. 

17.25± 1.84 
18.20±1.74 

Other populations 
(and eye-stripes) 

1955-Gr.I (6) 
1955-Gr.II (6) 
1955-Gr.III (6) 
1955-Gr.III(7) 
6-greg. 
Ajm.Sw.(6) 
Kakko Cone. (6) 
6-sol. 
7-sol. 

S.D.P. 

11.92± 1. 78 
12.00±0.39 
14.73±1.87 
20.66±1.33 
9.76±1.88 

10.23 
16.07±1.04 
18.04±0.80 
20.08±.I .08 

In the 6-striped category, the value in the 1956-57 population is 
significantly higher than in 6-greg. and the 1955-population (Grs.I and 
II) at the 1 % and 5 % levels respectively, but is not significantly different 
from those in the 1955-Gr.III, 6-sol. and the 1(akko Cone., at all levels. 
No significant difference is seen in the 7 -striped categories. 
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Text-fig. 6.-Schistocerca gregaria. Dicegram to show varianc~ i!l range, ?lean ~nd 
its confidence limits (2 S.E.) and standard deVIation (S.D.) In vanous 
populations regarding length of elytron (E). 
(For explanations see text.) 
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8. Restricted width of elytron (WI) 

(Tables 3, 6 and 8; and Text-fig. 7) 

(a) Mean width (Table 3): This varies as follows:-

Sex (and f:Ye-striIJes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

Mean width (mm.)±S.E. 

6.47±O.066 
6.76±O.093 
7.S2±0.100 
7.94±0.065 

(b) Inter-sex comparison (Table 6) : In both the 6- and 7- eye-striped 
categories, the value in females is significantly higher than in corres
ponding males at all levels. 

(c) In..ter-eye-stripe comparison (Table 6): In males and females, the 
value in 6-striped forms is significantly lower than in 7-stripes ones at 
the 5 % and 0.1 % levels respectively. 

(d) Inter-population comparison (Table 8): The 1956-57 population 
compare with other populations (data given below), as follows:-

Other populations 
(and f:Ye-stripes) 

1955-Gr.III(6) 
1955-Gr.III(7) 

Mean width (mm.)±S.E. 
Males Females 

6.66±O.05 
6.71 ±0.07 

7.36±0.16 
7.84±O.06 

6-striped males: The value in the 1956-S 7 population is significantly 
lower than in the 1955-Gr.III at the 5 % level. 

6-striped females: The value is not significantly different from that 
in the 1955-Gr.III at all levels. 

7 -striped males and females: In the corresponding sex the value is 
not significantly different from that in the 1955-Gr.III at all levels. 

(d) Sexual ditnorphism· percentage: The S.D.P. ± S.E. varies as 
follows :- ---

1956-57 
population 

6- eye-striped 
7 - eye-striped 

S.D.P. 

16.23± 1.94 
17.46± 1.88 

Other populations 
(and eye-stripes) 

1955-Gr.I(6) 
1955-Gr.II(6) 
1955-Gr.III(6) 
1955-Gr.III(7) 

S.D.P. 

11.18±1.44 
IO.14±O.47 
10.51 ±2.60 
16.84± 1.61 

ln the 6-striped category, the value in the 1956-57 population is 
significantly higher than in the 1955-Grs.I and II at the 5 % and 1 % 
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levels, but is not significantly different fr,om that in the 1955-Gr.III. 
No significant difference is seen in the 7-striped category. 
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Text-fig. 7.-Schistocerca gregaria. Dicegram to show variance in range, mean and 
its confidence limits (2 S.E.) and standard deviations (S.D.) it: varioul) 
populations regarding restricted width of elytron (Wl ). 

(For explanations see text.) 

9. Length of hind-femur (F) 

(Tables 3, 6 and 8; and Text-fig. 8) 

(a) Mean length (Table 3): This varies as follows:-

Sex (and e;ye-stripes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

Mean length (mm.) ±S.E. 

25.56±O.152 
27.09±O.253 
29.92±O.389 
31.73±O.288 

(b) Inter-sex comparison (Table 6) : In both the 6- and 7- eye-striped 
categories, the values in females are significantly higher than in the 
corresponding males at all levels. 

(c) Inter-eye-strifJe comparison (Table 6): In both males and females, 
the value in 6-striped forms is significantly lower than in the 7 -striped 
ones at all levels. 

(d) Inter-population comparison (Table 8): The 1956-57 population 
compare with other populations (data given below), as follows:-

Other populations 
(and eye-stripes) 

6-greg. 
Cal.Sw.(6) 
Ajm.Sw.(6) 
6-s01. 
7-s01. 
Kakko Cone. (6) 
Kakko Cone. (7) 
1955-Gr.III (6) 
1955-Gr.III (7) 

Mean length (mm.) ±S.E. 
lkfales ~emales 

24.32±O.20 
24.82±O.23 
24.37±O.29 
25.40±O.12 
26.13±O.21 
24.92±O.16 

25.24±O.16 
24.92±O.16 

26.44±O.37 
27.32±O.33 
27.28±O.61 
29.37 ±O.18 
30.92±O.13 
2B.35±O.25 
29.94±O.92 
27.97±O.90 
31.21 ±O.22 
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6-striped males: The value is significantly higher than in 6-greg. 
and the Ajm.Sw. at the 0.1 % level, and the Cal.Sw. and the Kakko Cone. 
at the 1 % level, but is not significantly different from that in 6-s01. and 
the 1955-Gr.III. 

6-striped females: The value is significantly higher than in 6-greg., 
the Cal.Sw., the Ajm.Sw., and the 1955-Gr.III at the 0.1 % level, but 
is not significantly different from that in 6-s01. and the Kakko Cone. 

7-striped males: The value is significantly higher in 7-s01. and the 
1955-Gr.III at 1 % level. 

7-striped females: The value is significantly higher than in 7-s01. 
at the 5 % level only, but is not significantly different from those in the 
1955~Gr.III and the Kakko Cone. 

(e) Sexual dimorphism percentage: The S.D.P. ±S.E. varies as follows:-

1956-57 
population 

6- eye-striped 
7- eye-striped 

S.D.P. 

17.06± 1.66 
17.13±1.54 

Other populations 
(and eye-stripes) 

1955-Gr.I(6) 
1955-Gr.II (6) 
1955-Gr.III(6) 
1955-Gr.III (7) 
6-greg. 
Ajm.Sw. 
Kakko Cone. (6) 
6-s01. 
7-s01. 

S.D.P. 

10.43± 1.94 
10.14±0.43 
10.82±3.66 
19.49±1.35 
8.72±1.76 

11.94 
13. 76± 1.24 
15.63±0.89 
18.33± 1.07 

In the 6-striped category, the value is significantly higher than in 
6-greg., the 1955-Q-rs.I and II, at the 0.1 %, 1 % and 0.1 % levels res
pectively, but is not significantly different from those in 6-s01., the 
Kakko Cong., and the 1955-Gr.III. No significant difference is seen 
in the 7 -striped categories. 
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Text-fig. 8.-Schistocerca gregaria. Dicegram to show variance in range, mean and its 
confidence limits (2 S.E.) and standard deviations (S.D.) in various 
populations regarding length of hind-femur (F). 
(For explanations see text.) 
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10. General conclusions regarding size of body-parts 

All the morphometric characters in the 1956-57 population demons
trate uniformly high degrees of differences between the sexes and the 
eye-stripe groups. 

The four characters, namely, 0, H, M, and WI (the data for which 
were not available for "typical" solitaria population) were compared 
with the 1955-Group III, which is considered here as a close approxi
mation to solitaria (Roonwal and Bhanotar, 1966). 

For the 1955-Gr.III, the 6-striped males (in all the above characters 
i.e., 0, H, M and WI) and the 7-striped females (in Hand Manly), 
show divergence, i.e., the mean values are significantly higher from 
the corresponding eye-stripe and sex-groups of the 1956-57 population. 
It may be pointed out that though both the populations are of the 
solitaria facies, one (1955-Gr.III) is heading towards it and the other 
(1956-57) has possibly attained that phase so that some difference 
between the two is to be expected. The values in the J956-57 popula
tion are nearer the typical ~olitaria than those of the 1955-Gr.III popula
tion. 

Four other characters (C, P, E and F) were two utilized. Thus, 
for C, in the 6-striped males of the 1956-57 population, the value is 
significantly lower from gregaria population (viz., the "typical" gregaria, 
the Ajmer Swarm and the Calcutta Swarm) and from the 1955-Gr.III 
(solitariafacies) and the Kakko Cone. (1949). A significantly higher value 
in the 1956-57 population is noticed in P for females from those in 
gregaria populations, where as for males no significant difference is 
seen in this respect, except for the Calcutta Swarm (of 1961), where the 
value is significantly lower at the 5 % level. In respect of E, the value 
in 6-striped males in the 1956-57 population is significantly lower than 
in both gregaria (at all levels) and solitaria (at 5 % level) population~, 
'except for the Kakko Cone. (of 1949). For 6-striped females, E in the 
1956-57 population is not significantly different from gregaria populatiQris, 
but is significantly higher from phase solitaria at the 5 % level. 

Regarding F, the 6-striped categories in both sexes have significantly 
higher values than the gregaria populations and the Kakko Cone., but 
are not significantly different from the "typical" solitaria and other 
solitaria facies populations (1955-Gr.III). In 7-striped females, _ the 
1956-57 population retains its affinity to phase solitaria by not being 
different from the I955-Gr.III(7) and the Kakko Conc.(7). However, in 
males, the value is significantly higher than in phase solitaria(7) and the 
I955-Gr.III (7). 

V-MORPHOMETRIC RATIOS 

1. General 

The following seven of the more sensitive ratios were studied for the 
1956-57 population:-

1. Pronotum-Head Ratio (PIC) 
2. Pronotum-Head Ratio (M/C) 
3. Pronotum-Head Ratio (HjC) 
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4. Elytron Ratio (E/W1) 

5. Elytron-Femur Ratio (ElF) 
6. Elytron-Head Ratio (E/C) 
7. Femur-Head Ratio (F/C) 

The mean values of these ratios were calculated separately for each 
individual and then a single mean was derived collectively. 

2. Ratio PIC 

(Tables 4, 6 and 9; and Text-fig. 9) 

(a) Mean ratio (Table 4): This varies as follows:-

Sex (and eye-stripes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

Mean ratio±S.E. 

1.54±O.010 
1.52±O.020 
1.56±O.019 
1.57±O.OI4 

(b) Inter-sex comparison (Table 6): 6-striped: The value in females 
is not significantly different from that in males at all levels. 7-striped: 
The value in females is significantly higher than in males at the 5 % 
level only. 

(c) Inter-eye-stripe comparison (Table 6): In both sexes the value in 
the 6-striped category is not significantly different from that in the 
corresponding 7 -striped one at all levels. 

(d) Inter-population comparison (Table 9): The 1956-57 population 
compare with the other populations (data given below) as follows:-

Other populations Mean ratio±S.E. 
(and eye-stripes) Males Females 

6-greg. 1.305±O.OI1 1.324±O.OO9 

Cal.Sw.(6) 1.35 ±O.OO7 1.35 ±O.OO8 

Ajm.Sw.(6) 1.330±O.OI1 1.363±O.OI8 

Kakko Cone. (6) 1.483 ±O.OO7 1.477 ±O.OO8 

1955-Gr.III(6) 1.51· ±O.OO7 1.47 ±O.O25 

1955-Gr.III (7) 1.52 ±O.OI1 1.54 ±O.OO9 

6-striped males and females: The values are significantly higher than 
in 6-greg., the Cal.Sw., the Ajm.Sw., and the Kakko Cone. at all levels, 
and in the 1955-Gr.III at the 5 <Yo level only. 

7-striped males andfemales: The values are not significantly different 
from those in the 1955-Gr.III population at all levels. 
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(e) Sexual dimorphism percentage : I The S.D.P.±S.E. varies as follows:-

1956-57 
population 

6- eye-striped 
7- eye-striped 

S.D.P. 

1.30±1.40 
3.29±1.60 

Other populations 
(and eye-stripes) 

1955-Gr.I(6) 
1955-Gr.III(6) 
1955-Gr.III (7) 
6-greg. 
Ajm.Sw.(6) 
Kakko Conc.(6) 

S.D.P. 

1.52± 1.27 
-2.65±1.73 

1.32±0.96 
1.46± 1.10 
2.48 

-0.40±0.72 

In the 6- and 7- eye-striped categories, the values in the 1956-57 
population are not significantly different from those in the other known 
populations. 
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Text-fig. 9.-Schistocen'a gregaria. Dicegram to show variance in range, mean -and 
its confidence limits (2 S.E.) and standard deviation (S.D.) in various 
populations regarding the ratio PIC (Length of pronotumfwidth of head 
at genal level). 
(For explanations see text.) 

3. Ratio MIG 

(Tables 4, 6 and 9; and Text-fig. 10) 

(a) Mean ratio (Table 4): This varies as follows:-

9 

Sex (and eye-stripes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

Mean ratio±S.E. 

O.87±0.005 
0.87±O.013 
0.89±0.009 
0.89±0.007 
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(b) Inter-sex comparison (Table 6) : In both 6- and 7 -striped categories, 
the values in females are not significantly different from those in corres
ponding males at all levels. 

(c) Inter-eye-stripe comparison (Table 6): Within each sex-gro~p, 
the value in the 6- eye-striped category is not significantly different from 
that in the 7-striped one all levels. 

(d) Inter-population comparison (Table 9): The 1956-57 population 
compare with other populations (date given below) as follows:-

Mean ratios±S.E. Other populations 
(and eye-stripes) Males Females 
6-greg. 
1955-Gr.III(6) 
1955-Gr.III(7) 

O.779±0.008 O.805±O.005 
0.89 ±O.003 0.90 ±O.012 
0.90 ±O.006 0.92 ±0.004 

6-striped males: The value is significantly higher than in 6-greg. 
and lower than in the 1955-Gr.III at all levels. 

6-striped females: The value is significantly higher than in 6-greg. 
at all levels, but is not significantly different from that in the 1955-Gr.III. 

7-striped males: The value is not significantly different than in the 
1955-Gr.III at all levels. 

7-striped females: The value is significantly lower than in the 
1955-Gr.III at all levels. 

(e) Sexual dimorphism percentage: The S.D.P.±S.E., varies as 
follows:-

1956-57 
population 

6- eye-striped 
7- eye-striped 

10 

S.D.P. 

1.15±1.11 
1.64± 1.06 

• I , 
.,. I • 

'T'· 
, ' I 

Other populations 
(and eye-stripes) 
1955-Gr.I(6) 
1955-Gr.II(6) 
1955-Gr. III (6) 
1955-Gr.III (7) 
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Tc:xt-fig. IO.-Schistocerca gregaria. Dicegram to show variance in range, mean and its 
confidence limits (2 S.E.) and standard deviation (S.D.) in various 
populations regarding the ratio M/C (width of pronotum/width of 
head at genal level). 
(For explanations see text.) 
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In the 6- and 7- eye-striped categories, the value is significantly 
lower than in the 1955-Gr.I(6) and the 1955-Gr. III (7), but is not 
significantly different from other populations. 

4. Ratio HIG 

(Tables 4, 6 and 9; and Text-fig. 11) 

(a) Mean ratio (Table 4): This varies as follows:-

Sex (and eye-stripes) 
Males (6) 
Males (7) 
Females (6) 
Females (7) 

Mean ratio±S.E. 
1.23±O.006 
1.22±O.010 
1.24±0.009 
1.24±O.009 

(b) Inter-sex comparison (Table 6): In both 6- and 7- eye-striped 
categories,. the value in females is not significantly different from that 
in the corresponding males at all levels. 

(c) Inter-eye-stripe comparison (Table 6): In either sex, the value in 
6-stl'iped individuals is not significantly different from that in the corres
ponding 7 -striped ones at all levels. 

(d) Inter-population comparison (Table 9): The 1956-57, population 
compare with other populations (data given below) as follows:-

Other populations 
(and eye-stripes) 

6-greg. 

1955-Gr.III(6) 

1955-Gr.III (7) 

Mean ratio±S.E. 
Males Females 

1.112 ±O.OOB 

1.25 ±O.006 

1.25 ±O.OOB 

1.126±0.007 

1.24 ±0.OI6 

1.29 ±0.002 

6-striped males: The value is significantly higher than in 6-greg. 
at all levels, but lower than in the & 1955-Gr. III at the 5 % level. 

6-striped females: The value is significantly higher than in 6-greg. 
at all levels, but is not significantly different from that in the 1955-Gr.III. 

7-striped males and females: The value is signifiGantly lower than 
in the 1955-Gr.III at the 5 % level in males and at all levels in females. 

(e) Sexual dimorphism percentage.~ The S.D.P.±S.E. varies as follows:-

1956-57 S.D.P. Other populations S.D.P. 
population (and eye-stripes) 

6- eye-striped 0.81 ±O.B8 I 955-Gr.I (6) 1.B2±1.10 

7 - eye-striped 1.64± 1.06 1955-Gr.II(6) 0.BB±0.22 
1955-Gr.III (6) O.BO± 1.35 
195~-Gr!III(7) 3~20;l: 0.86 
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In the 6- and 7- eye-striped categories the values in the 1956-57 
population are not significantly different from other populations in 
the corresponding categories. 
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Text-fig. ll.-Schistocerca gregaria. Dicegram to show variance in range, mean and 
its confidence limits (2 S.E.) and standard deviation (S.D.) in various 
populations regarding the ratio HIC (Height of pronotumfWidth . of 
head at genal level). 
(For explanations see text.) 

5. Ratio E/W1 

(Tables'4, 6 and 10; and Text-fig. 12) 

(a) Mean ratio (Table 4): This varies as follows:-

Sex (and eye-stripes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

Mean ratio±S.E. 

7.87±0.063 
7.89±O.076 
7.96±O.067 
7.93±O.048 

(b) Inter-sex comparison (Table 6): In both the 6- and 7 -striped 
categorie~, the value in females is not significantly different from those 
in corresponding males at all levels. 

(c) Inter-eye-stripe comparison (Table 6): _ In both sexes, within each 
sex-group, the values in the 6-striped categories are not significantly 
different from those in the corresponding 7 -striped ones at all levels. 

(d) Inter-population comparison (Table 10): The 1956-57 population 
compare with other populations (data given below) as follows:-

Other populations 

(and eye-stripes) 

1955-Gr.III(6) 

1955-Gr.III(7) 

Mean ratio±S.E. 

Males 

7.88±O.038 

7.84±O.068 

Females 

8.10±O.123 

8.12±0.045 
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6-striped males and females: In both sexes, the value is not signifi
cantly different from that in the 1955-Gr.III in the corre~ponding sex, 
at all levels. 

7-striped males: The value is not significantly different from that 
in the 1955-Gr.III population. 

7 -striped females: The value in the 1956-57 population is signifi
cantly lower than in the 1955-Gr.III at the 1 0;0 level. 

(e) Sexual dimorphismpercentage: The S.D.P.±S.E. va.ries asfollows:-

1956-57 S.D.P. Other populations S.D.P. 
population (and eye-stripes) 

6- eye-striped 1.14±1.1B 1955-Gr.I(6) 0.54±1.43 
7 - eye-s tri ped O.51±1.14 1955-Gr.II(6) 2.02±O.30 

1955-Gr.III (6) 2.79±1.63 
1955-Gr.III(7) 3.57± 1.07 

In the 6- and 7- eye-striped categories, the values in the 1956-57 
population are not significantly different from other population~ in the 
corresponding eye-stripe groups. 
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Text-fig. 12.-Schistocerca gregaria. Dicegram to show variance in range, mean and 
its confidence limits (2 S.E.) and standard deviation (S.D.) in various 
populations regarding the ratio E/W1 (Length of elytron/Restricted 
width of elytron) . 
(For explanations see text.) 

6. Ratio ElF 

(Tables 5,6 and 10; and Text-fig. 13) 

(a)" Mean ratio (Table 5): 

Sex (and eye-stripes) 
Males (6) 
Males (7) 
Females (6) 
Females (7) 

This varies as follows:-

Mean ratio±S.E. 
2.00±0.005 
1.97±0.012 
2.00±O.013 
l.99±0.008 
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(b) Inter-sex comparison (Table 6): In both the 6- and 7-striped 
categories, the values in females are not significantly different from 
that in corresponding males at all levels. 

(c) Inter-eye-stripes comparison (Table 6): The value in 6-striped 
i;ndividuals is significantly higher than in 7 -striped ones (at the 5 % 
level only) in males, but is not significantly different in females. . 

(d) Inter-population comparison: The 1956-57 population compare 
with other populations (aata given below) as follows:-

Other populations 
(and eye-stripes) 

6-greg. 
Cal. Sw.(6) 
Ajm. Sw.(6) 
6-sol. 
7-sol. 
Kakko Conc. (6) 
Kakko. Cone. (7) 
1955-Gr.III(6) 
1955-Gr.III(7) 

Mean ratio±S.E. 
Males ~e~les 

2.17±O.024 
2.18±O.OlO 
2.22±0.023 
2.05±O.012 
2.00±O.006 
2.06±O.OI0 

2.07±O.010 
2.01 ±O.009 

2.25±O.017 
2.21±0.070 
2.19±0.035 
2.09±0.008 
2.03±0.007 
2.12±0.011 
2.07±0.022 
2.11±O.031 
2.04±O.008 

6-striped males and females: In both sexes, the values are significantly 
lower than those in corresponding sex in the 6-greg., the Cal.Sw., the 
Ajm.Sw., the Kakko Conc., the 6-sol. and the 1955-Gr.III at all~levels. 

7-striped males: The value is significantly lower than in 7-sol. and 
the 1955-Gr.III at the I % level. 

7 -striped females: The val ue is ~ignificantly lower than in 7 -sol., 
the 1955-Gr.III and the Kakko Cone. at all levels. 

(e) Sexual dimorphism percentage: The S.D.P.±S.E. in the 1956-57 
population and other populations varies as fol1ows:-

1956-57 
population 

6- eye-striped 
7 - eye-striped 

S.D.P. 

O.OO±O.70 
1.02±O.74 

Other populations 
(and eye-stripes) 

1955-Gr.I(6) 
1955-Gr.II(6) 
1955-Gr.III(6) 
1955-Gr.III(7) 
6-greg. 
Ajm.Sw.(6) 
Kakko Cone. (6) 
6-sol. 
7-sol. 

S.D.P. 

1.36± 1.10 
2.29±0.23 
1.93± 1.57 
1.49±0.63 
3.69±1.40 

-1.35 
2.91±O.73 
1.95±0.49 
1.50±O.62 
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In the 6- eye-striped category, the value in the 1956-57 population 
is not significantly different from those in 1955-Gr.I (Q) and 1955-Gr.III 
(6) at all levels, but is significantly lower than in 1955-Gr.II(6), 6-greg., 
Kakko Cone. (6}, 6-sol. at all levels. No comparison could be made with 
Ajm.Sw.(6), firstly S.D.P. being negative in Ajm.Sw. and secondly the 
data of S.E. is lacking. No significant difference is noticed in the 7-
eye-striped category. 
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Text-fig. 13.-Schistocerca gregaria. Dicegram to show variance in-range, mean and 
its confidence limits (2 S.E.) and standard deviation (S.D.) in various 
populations regarding the ratio ElF (Length of elytron/Length of hind
femur). 
(For explanations see text.) 

7. Ratio EjG 

(Tables 5, 6 and 10; and Text-fig. 14) 

(a) Mean ratio (Table 5): This varies as follows:-

Sex (and eye-stripes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

Mean ratio±S.E. 

7.95±0.041 
7.89±0.067 
8.07±0.050 
8.14±0.058 

(b) Inter-sex comparison (Table 6): The value in females is not 
significantly different from that in the corresponding males in the 6-
striped category, but is significantly higher in the 7 -striped category at 
the 1 % level. 

(c) Inter-eye-stripe comparison (Table 6): In both sexes, the value in 
the 6:-striped category is not significantly different from that in the 
corresponding 7 -striped one at all levels. 
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(d) Inter-population comparison (Table 10): The -19,56-57 population 
compare with the 1955-G~III population (data given below) as follows 
(the -data for other populations are not available):-

Other populations 
(and eye-stripes) 

1955-Gr.III(6) 

1955-Gr.III(7) 

Mean ratio±S.E. 
lkfales ~emales 

7.98±0.04 

7.92±0.05 

8.03±0.14" 

8.23±0.03 

In both sexes, and in both 6- and 7-striped forms, the value in the 
1956.157 population is not-significantly different from that in the corres
ponding 1955-Gr.III population at all levels. 

(e) Sexual dimorphismpercentage: The S.D.P.±S.E. varies as follows:-

1956-57 
population 

6- eye-striped 

7- eye-striped 

S.D.P. 

1.51 ±0.82 

3.17±1.15 

Other populations 
(and eye-stripes) 

1955-Gr.I (6) 

1955-Gr.II (6) 

1955-Gr.III(6) 

1955-Gr.III (7) 

S.D.P. 

4.44±1.12 

2.74±0.25 

0.63±1.79 

3.91 ±O. 75 

In the 6- eye-striped category, the value in the 1956-57 population 
is significantly lower than in the 1955-5Gr.I one at the 5 % level, but 
is not significantly difference from other populations. No significant 
difference is seen among the 7 -striped categories. 
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Text-fig, 14.-Schistocerca gregaria. Dicegram to show variance in range, mean and 

its confidence limits (2 S.E.) and standard deviation (S.D.) in various 
populations regarding the ratio E/C (Length of elytron/Width of head 
at genal level). 
(For explanations see ,text.) 
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8. Ratio FIG 

(Tables 5, 6 and 10; and Text-fig. 15) 

(a) Mean ratio (Table 5): This varies as follows:-

Sex (and eye-stripes) 

Males (6) 
Males (7) 
Females (6) 
Females (7) 

Mean ratio±S.E. 

3.98±0.02l 
4.02±O.038 
4.05±0.024 
4.11 ±0.033 

73 

(b) Inter-sex comparison (Table 6): In 6-striped forms the value 
in females is significantly higher than in males at the 5 % level only, 
but in 7 -striped ones there is not significant difference between the 
sexes at all levels. 

(c) Inter-eye-stripe comparison (Table 6): In both sexes, the value 
in 6-striped individuals is not significantly different from that in the 
corresponding 7-striped ones at all levels. 

(d) Inter-population comparison (Table 10): The 1956-57 population 
compare with other populations (data given below) as follows:-

Other populations 
(and eye-stripes) 

6-greg. 
Gal.Sw.(6) 
AJm.Sw.(6) 
Kakko Cone. (6) 
1955-Gr.III (6) 
1955-Gr.III (7) 

Mean ratio±S.E. 
Males Females 

3.223±O.032 
3.35 ±O.OIO 
3.237±0.036 
3.790±0.024 
3.86 ±O.03 
3.93 ±0.02 

3.320±0.032 
3.41 ±0.020 
3.458±O.079 
3.824±O.027 
3.82 ±O.09 
4.04 ±0.02 

Within the 6-striped category in both ~exes, the value in the 1956-57 
population is significantly higher than the individuals of the corres
ponding sex in 6-greg., the Cal.Sw., the Ajln.Sw., the Kakko Cone. and 
the 1955-Gr.III at all levels. In 7-striped males the value in the 1956-57 
population is significantly higher than in the 1955-Gr. III at the 5 % 

level only, but in feinales there is no significant difference at all levels. 

(e) Sexual dimorphism percentage: The S.D.P.±S.E. in the 1956-57 
population and other populations varies as follows:-

1956-57 
population 

6- eye-striped 
7 - eye-s tri ped 

10 

S.D.P. 

1.76±0.79 
2.24± 1.28 

Other populations 
(and eye-stripes) 

1955-Gr.I (6) 
1955-Gr.II (6) 
1955-Gr.III (6) 
1955-Gr.III (7) 
6-greg. 
AJnz.Sw. (6) 
Kakko Gone. (6) 

S.D.P. 

2.52± 1. 71 
O.30±0.33 

-1.04±2.40 
2.80±0.72 
2.69± 1..42 
6.83 
0.90±O.90 
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In both the 6- and 7- eye-striped categories, the value in t.he 1 ~56-5 7 
population is not significantly different from other populations In the 
respective eye-stripe groups. 
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15.-Schistocerca gregaria. Dicegram to show variance in range, mean and 
its confidence limits (2 S.E.) and standard deviation (S.D.) in various 
populations regarding the ratio F /0 (Length of hind-femur/Width of 
head at genal level). 
(For explanations see text.) 

9. General conclusions regarding ratios 

Within the 1956-57 population, with the exception of a few ratios, 
the sexual and eye-stripe differences remain invariant. . 

In respect of the ratio P 10, the 6-striped males and females in the 
1956-57 population have significantly higher ratios than those in popula
tions of the typical gregaria facies, the 1955-Gr.III(6) and the Kakko 
Cone. (1949) (the latter two populations tending towards phase solitaria 
but not quite attaining the stage). Regarding the ratios MIG and 
HIC, significantly higher values are recorded in the 1956-57 population 
than in typical gregaria for both sexes, but the difference from the 
1955-Gr.III(6) population is not so marked, particularly in females. 

The ratio E/W1 does not show any appreciable difference from the 
1955-Gr.III(6) population. It is interesting to note that the ratio 
ElF shows significantly lower values in the 1956-57 population than 
in both the "typical" phases gregaria and solitaria. Since it has attained 
values even lower than in phase solitaria, the solitaria nature of this ratio 
may not be doubted. Values for the ratio E/G are available only for 
the 1965-Gr.III and a comparison of the 1956-57 population with it 
does not reveal any difference of note. 

Regarding the ratio FIG, considered now as the most sensitive ratio, 
the 1956-57 population differs from the typical gregaria population to a 
great extent and is almost identical with the typical solitaria populations. 

VI-DISCUSSION AND CONCLUSIONS 

We may now summarise some general conclusions regarding the 
phase status of the 1956-57 population. 
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With respect to the composition of eye-stripes and sex-ratios, the 
1956-57 population reveals, in general, its similarity with the "typical" 
phase solitaria and other solitariform populations. 

The nearly equal percentages of the sex-ratios (d' 50: ~ 50) in the 
6- eye-striped individuals, which is a condition usually associated with 
gregaria populations (RoonwaPs Hypotheses, 1945), is here ~omp]etely 
disturbed. Sex-ratio in 6-striped individuals is d' 75 ±6: 25±6. In 
the 7-striped category, females predominate (0 38±8 % : ~ 62±80/o), 
thereby further indicating the solitaria nature of the population. The 
same nature is shown by the eye-stripes proportions; a shrinking in the 
number of 6-eye-striped individuals to under 800/0, and a relative 
abundunce of the 7 -striped individuals, characters which show the 
solitaria nature of the population. 

In 6-striped males, the characters P, E and F show their closeness 
to the solitaria condition. The character 0, C and W l though differing 
from solitaria values, do so to a small extent only. Only characters 
Hand M differ considerably from the solitaria values. In 6-striped 
females, the characters 0, C, H, M, E, Wl and F have values close 
to typical solitaria ones; but character P shows significant difference at 
the 5 % level. In the 7 -striped category, in both males and females, 
all the characters, except F in males, show their close affinity with the 
Jolitaria condition. 

With respect to ratios, in 6-striped m~les, E/W1 and EIC show no 
difference from the solitaria condition, but ratios PIC and H/C differ 
to a small extent. The ratio ElF is smaller than the typical values for 
both phases. F/C has values closer to solitaria. Only the ratio MIC 
~oes not indicate any definite affinity to either of the phases. In 
6-striped females, the ratios MIO, HIC, E/W1 and EIO have values 
similar to those in the typical solitaria populations. In the ratios PIe 
and FlO, the difference is less pronounced from the typical solitaria 
than from the typical gregaria. The ratio ElF differs from the typical 
values in both the phases, but is closer to the solitaria. 

In 7-striped males, PIC, MIG, E/W1 and E/C do not show any 
difference from the solitaria values, but the other ratios have values 
which are either significantly lower (H/C and ElF for both sexes) or 
higher (F IC for males only) from those in typical solitaria populations. 
In 7-striped females, PIC, E/W1 , EIC and FIC have values as in phase 
solitaria. The remaining ratios do not indicate any definite affinity to 
either of the phases. 

Thus we may say that while generally, the 1956 ... 57 population 
shows affinity to the solitaria phase, in some respect it behaves in a 
peculiar way. Females have been found to be more phase sensitive 
than males, the latter, in many characters, retaining a gregaria or a near 
gregaria characteristic. 

VII-SUMMARY 

1. A random sample of 93 individuals of a Desert Locust popula
tion in Rajasthan, weste~ India, obtanied durin~ the non-swarming 
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period 1956-57, was analysed for morphometrically and for eye-stripes 
and sex-ratios for ascertaining its phase status. 

2. The sex-ratio in the 6-eye-striped individuals (if 75 %: ~25 %) 
reveals a phase solitaria nature. 

3. The eye-stripe proportions (6-striped. population 75 % i.e., 
under 80%; and 7-striped one abundant, 62±8% also suggests the 
solitaria nature of population. . 

4. From inter.-sex and inter-eye-stripe comparisons, it is seen that 
a high degree -of sexual and eye-striped differences are demonstrated in 
the 1956-57 population for morphometric characters (size of body
parts) but such differences are not marked in the ratios. 

5. The values of the morphometric characters P, E and F in males 
and 0, C, H, M, E, WI and F in females, show affinity with solitaria 
phase values. The ratios E/W1, EIC, ElF and FIC in males and ElF, 
MIC, HIC, E/W1 and EIC in females also show affinity with the 
solitaria phase values. 

6. Taken as a whole, the 1956-57 population has phase soli-taria 
character. 
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I-INTRODUCTION 

1. General 

The Ninth (recorded) Swarming Cycle of the Desert Locust, 
Schistocerca gregq,ria (Forskal) (OIthoptera: Acrididae) in India -( 1949-55) 
started with a sudden increase in locust popl.!lation density in 1949, 
a small sample of which, taken from the village Kakko (Bikaner, District, 
Rajasthan) had a population density of about 18,000 locusts per square 
mile. This initial or Kakko Concentration was analysed morphometrically 
by Misra (1952). Roonwal (1952) studied the second year of the 
swarming cycle from a small sample obtained from the Ajmer Swarm 
of 1950. Bhanotar et all (in press) studied the 1954-population. A 
small sample from a swarm in July 1954 was also studied by Roonwal 
(1955). Roonwa1 and Bhailotar (1966) studied the 1955-population 
which formed last year of this Ninth Cycle. Bhanotar et all (in press) 
studied samples from populations of the first and second years (1956 
and 1957) of the non-swarming period which immediately followed the 
1949-55 swarming Cycle and lasted upto 1958. Finally, Roonwal and 
Bhanotar (1962 and 1966) studied a sample obtained from a Calcutta 
Swarm of 1961 which represented the third year of the Tenth Swarming 
Cycle in India (1959-63). 

Thus, we have now available considerable data on several biolo
gically interesting populations representing various degrees of pl;lase
transformation in the Desert Locust in India. For the 1949-55 cycle 
we have the Kakko Concentration of 1949 which started the initial phase
transformation from solitaria to gregaria populations; the 1955-popuia
tion (particularly the last one-third or Group III) during which trans
formation from gregaria to solitaria population took place; and the inter
vening populations of the years 1950, 1954 and the earlier two-thirds 
of 1955 (Groups I and II); then were studied the representative of the 
years 1956-57 (of the non-swarming period 19~6-58); and finally, anot4er 
gregaria representative (a 1961 swarm) of the ~warming period 1959-63. 

'The phase status of all these populations- have now been studied. 
We may now be able to know the behaviour of the morphometric 
characters and the ratios in phase-transformation. Similarly, we are 
in a position to study the behaviour of the eye-stripes (5-8-striped -in
dividuals) and the sex-ratios. We may further be able to know which 
are the more sensitive phase-characters and how they behave in' the 
critical periods of phase-transformation. 

2. Abbreviations used 

Except where otherwise stated, the following abbreviations have been. 
used throughout:-

0, Width of head at ocular level. 
C, Width of head at genal level. 
P, Length of pronotum. 
H, Height of pronotum. 
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M, Width of pronotum at the constriction. 
E, Length of elytron. 
WI' Restricted width of elytron. 
F, Length of hind-femur. 
S.E., Standard error. 

6-greg., greg. or Greg., typical 6- striped phase gregaria individuals. 
6-sol., 7-sol., ph. sol., typical 6- or 7- 'striped phase solitaria 

individuals. 
6-, 7-, (6) or (7)- striped, 6- or 7- eye-striped. 
5- 8- striped, 5- or 8- eye-striped. 

1954 (Dehra Dun swarm), 6- or 7- striped individuals of 1954-
Dehra Dun swarm (Roonwal, 1955). 

1954-Gr.l, 1954 Group I populations. 
1954-Gr.ll, 1954, Group II populations. 
1954-Gr.III, 1954 Group III popuJations. 
1~55-Gr.l, 1955 Group I populations. 
1955-Gr.II, 1955 Group II populations. 
1955-Gr.lll, 1955 Group III populations. 
1956-57 6- or 7- striped individuals of 1956 and 1957 years 

populations. 
1961 (Calcutta swarm) or 1961 (Cal.sw.) or Cal.sw. (6),- 6- or 7-

striped individuals of 1961 Calcutta swarm. 
Gr.I(6) or Gr.I(7), 6- or 7- striped individuals of Group I. 
Gr.II(6) or Gr.II(7), 6- or 7- striped individuals of Group II. 
Gr.III(6) or Gr.III(7), 6- or 7- striped individuals of Group III. 
1949-Kakko Cone. or Int. Cone., Initial concentration of locusts 

Kakko village (Rajasthan, India) in 1949 (Misra, .1952). 
1950-Ajm. sw., or Ajm.(6), Ajmer Swarm population of 1950 

(Roonwal and Misra, 1952). 
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II-EYE-STRIPES AND SEX-R~TIOS 

1. Eye-stripes 

(a) Eye-stripes composition (1949-61).-The number of eye-stripes 
varies from 5-8, and the composition (percentage) of such individuals in 

11 
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various populations is as given below:-

rears % of individual in each type±S.~. 
r= J..... 

5-striped 6-striped, 7-striped 

1949 0.4 94.0 ±1.4 5.6 ± 1.4 
(1 ex.) 

7.00 1950 0 93.00 
1954 0 99.9 0.1 

(Dehra Dun 
swarm) -

1954-Gr.I 0 8S.14±4.13 14.86±4.1_4 
1954-Gr.II 0 99.77-±O.13 O.23±0.14 
1954-Gr.III 0 97.84±0.69 2.16±0.69 
1955-Gr.I 0 93.0 ±4 7.0 ±4 
1955-Gr.II 0.20±0.3 98.6 ±0.3 1.2 ±0.3 

(2 exs.) 
1955-Gr.III 0 56.0 ±4 42.7 ±4 

1956-57 0 60.0 ±5 40.0 ±5 
1961 0 100.00 0 
(Calcutta 
swarm) 

\ 

8-striIJed. 
o 
o 
o 

o 
o 
o 
o 
o 

1.3±4 
(2 exs.) 

o 
o 

(b) Discussion.-No eye-stripe data is available for the non-s,""arming 
period 1947-48. However, Roonwal (1954, p. 507) mentioned the 
common occurrence of 7 -striped forms; but no 8-striped forms were 
reported. During the ninth swarming cycle in India (1949-551, 
all the four types (viz., 5- to 8-striped) forms occured. The 5- and 
8-striped forms are of a rare occurrence in nature. We may now 
discuss the position regarding each type of eye. 

(i) 5-f:Ye-stripes: Roonwal (1954) placed the 5-striped forms with 
solitaria population, but left its position open. 

In the 1949-55 Cycle, Misra (1952) found a single 5-striped form 
in the initial Kakko Concentration of 1949, a period when' phase-trans
formation took place. Later on, from the last year of this cycle (1955), 
particularly Group II, Roonwal and Bhanotar (1966) found two 5-
striped forms, and correlated its appearance with the most critical period 
of the Desert Locust plague, when the equilibrium in the morphometric 
characters and ratios appears to be most disturbed. Still, its basic origin 
and phase-status remain problematic. For the present we may associate 
the occurrence of 5-striped forms with the critical period when the phas~ 
is being transformed (vide, discussion in Roonwal, in press). 

"(ii) 6-eye-stripes: As viewed against Roonwal's First Hypothesis 
~1945), the populations of the years 1949-55 (swarming cycle), behaved 
In a set pattern. Right from the initial Kakko concentration of 1949, 
the "above 80 percent rule for 6-striped forms was strictly maintained 
by the populations (indicating a swarming or gre.garia tendency)' upto 
August, 1955 (ranges of means 85.14 ± 4.13 to 99.9%). In the 1954-
gr.I population, the proportion of 6-striped forms (85.14 ± 4.13%) 
came down somewhat, but still remained above 80%. In the critical 
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1.955-Gr.II~ ~o~ulation. (September-December), a sudden transforma
tIon to solztarza phase took place. The proportion- of 6-striped forms 
fell far below 80%, coming down to 56.0 ± 4% along with a corres
p0l!-ding ~ncrease. in the p~opo~tion of 7-striped forms (44.0 ± 4 ... %). 
ThIS declIned ratIo was maIntaIned by the succeeding population of 
the years 1956 and 1957 (6-striped, 60.0 ± 5%). In the Calcutta Swarm 
of "1961, representing the third year _ of the tenth swarming cycle 
(1959-63), the percentage of 6-striped forms arose to 100-% and 7-
striped forms were completely absent. 

(iii) 7 -eye-stripes: The presence of 7 -striped forms in all the studied 
populations of the Ninth Swarming Cycle (1949-55), may indicate the 
mildness of this Cycle. But the sudden abundance .of 7-striped forms 
(44.0 ± 4%) in the 1955-Gr.111 population (September-December) 
show an abrupt disturbance in the hitherto stable condition of the 
eye-stripe composition. This eye-stripe shift in the last generation of 
the 1955-population corresponds to the complete break down of the 
Cycle~ as seet;l from the study of the immediately succeeding populations 
of the years 1956 and 1957. 

(iv) 8-eye-stripes: The earlier record of the occurrence of 8-striped 
forms was reported in India during the non-swarming period 1932-39, 
particularly in the years 1936~38. Roonwal (1954, p. 504) associated 
this form with the "extreme development of the solitaria period" In 
the 1949-55 Swarming Cycle, 8-striped forms were reported only in 
the last part of 1955 (Gr.lll) population when two such individuals were 
found. 

(v) Asymmetry in eye-stripes: Usually the number of eye-stripes in 
an individual are symmetrical i.e., both eyes has the same number of 
stripes. But in the middle period of 1955 (Gr.ll), an asymmetrical 
individual occurred (Bhanotar, 1959). While the right eye had 8-~tripes 
the left eye only 7. The phase significance of this asymmetry is. pro
blematic-probably it has none. 

Thus, the important and significant role of eye-stripes composition 
in deter~ining the phase nature of a pop'ulation is established, and the 
data give further support to -Roonwal's (194_5) First Hypothesis. 

( b) Discussion.-Except for three 5-striped individuals ( 1 cf', 2~~) 
and two 8-striped ones (both females), the sexes in the remaining in
dividuals of the 1949-55 cycle were associated with 6- and 7-striped 
forms only. 

As viewed against Roonwal's (1945) Second hypothesis, dur"ing the 
swarming period, in all the population-groups from July 1949 to 
August, 1955, in the 6- eye-striped categ?ry! th.e proportio~ of sexes 
remained almost equal (range '45-56%), IndIcatIng a gregarza charac
teristic of the desert locust population, where the sex-ratio is typically 
50: 50. However, this stability of the- sex-ratio was found to be dis
turbed in the 1955-Gr.III population (September-December 1955). 
Where the sex-ratio in the 6-stripecl ca.tegory was cf'84±4: ~16±4. 
This predominance of males over females showed a solitaria facies 
of the population. In the 7 -striped category of the same population, 
the proportion of females was higher (cf'33±5: ~67±5), thereby 
fqrt4er indicating the solitaria c4ar~cteristic of the population,. 
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The trend of the sex-ratio as found in the 1955-Gr. III population 
was maintained by the immediately succeeding population of the years 
1956 and 1957, where the ratio in 6-striped category was d'75±6: 
~25±6 and in the 7-striped category d'38±8: ~62±8. 

In the 1961-population (Calcutta swarm) the sex-ratio was almost 
equal (0"49.23 ±6.20: ~50. 77 ±6.20), indicating the gregaria nature of 
this popula tion. 

2. Sex-ratios 

(a) Sex-ratios (1949~61).-The sex-ratios in the various populations 
of the period 1949-61 are as given below:-

Sex-ratio (%) 
,---------------------.--

Years 6- eye-striped 7 - eye-striped 

Male Female Male Female 
1---'--- ---:--------1 

----------1------
1949 
1950 
1954 
(DehrarDun 
Swarm) 

1954-Gr.I 
·I954-Gr.II 
1954-Gr.III 
1955Gr.I 
1955-Gr.I 
1955.Gr.III 
1956-57 
1961 
(Cal.Sw.) 
Typical ph. gregaria 
(Roonwal's Hypo-
theses) 

Typical ph.solitaria 
(Roonwal's Hypo-
theses) . 

54±3 
71.43 
48.8 

50.79±6.30 
54.54± 1.39 
50.66±2.35 

56±7 
47.52±2 

84±4 
75±6 

49.23±6.20 

50 

60 

46±3 
25.87 
51.2 

49.21 ±6.30 
45.46± 1.39 
49.34±2.35 

44±7 
52.5±2 

16±4 
25±6 

50.77±6.20 

50 

40 

20±10 
(I ex.) 

27.27 ± 13.45 
o 

70.00± 14.49 
100 

9'±9 
33±5 
38'±8 

o 

o 

35 

III-MORPHOMETRIC CHARACTERS 
(Text-figs. 1-4) 

1. General 

80±IO 

(1 ex.) 

72. 73± 13.43 
o 

30.00± 14.49 
o 

91±9 
67±5 
62±8 

o 
o 

65 

For comparisons among the various populations, only the following 
morphometric characters are taken into account. For the others, 
(namely, the length of eye (A), width of eye (B), and maximum (K) 
and minimum (L) width of mesosternal interspace, the data is either 
lacking or meagre. 

1. Width of head at ocular level (O). 
2. Width of head at genallev~l (C). 
3. Length of pro no tum (P). 
4. 'Height of pro no tum (H). 
5. Width of pronotum at the constriction (M). 
6. Length of elytron (E). 
7. Restricted width of elytron (WI). 
8. Length of hind-femur' (F). 
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T~e~e c~aracter~ are discussed below ~ith ~espect to their phase
aSSOCIatIon In relatIon to sex- and eye-strIpe categories, to determine 
their trend in the swarming and non-swarming populations. 

2. Width of head at ocular level (0) 

(a) J4ean values.-The mean values (mm.) of 0 in the available 
populations for swarming and non-swarming periods (1949-61) are 
~s follows:-

Populations Mean width (mm.)S.±E. 
(and eye-stripes) Males Females 

1954-Gr.I(6) 6.40±O.O7 6.81±O.13 

1954-Gr.II(6) 6.44±O.OI 6.76±O.OI 

1954-Gr.III(6) 6.41 ±0.O2 6.68±O.O2 

1954-Gr.I(7) 6.60±O.50 7.00±O.O6 

1954-Gr.II(7) 7.00±O.22 

1954-G.III (7) 6.33±0.12 7.05±O.O7 

1955-Gr.I(6) 6.30±0.05 6.71 ±O.O7 
,f 

1955-Gr.II(6) 6.40±0.01 6.79±O.OI 

1955-Gr.III(6) 6.24±0.025 ,6.75±0.013 

1955-Gr.I(7) 6.27±O.O9 

1955-Gr.II (7) 6.10 6.94±0.10 

rGr.III(7) 6.46±O.O5 7.14±0.O5 
Ph. ~ 1956-57 (6) 6.13±0.032 6.72±O.076 
sol. L 1956-57 (7) 6.42±O.059 7.04±O.O63 

(b) Discussion.-Data for only four years (1954-57) are available. 
Of these, the populations of the periods 1954-Grs. I-III and 1955-Grs. 
I and II are gregaria in nature and the 1955-Gr. III and 1956-57 popula
tions are solitaria. 

For each eye-stripe and sex-group, the mean values are s~gnificantly 
higher in phase gregaria populations than in solitaria ones, and this is 
particularly evident in males, females are less phase-sensitive. 

Generally, in each eye-stripe and phase-group, the values in females 
are significantly higher than in males and 6-striped individuals are 
significantly smaller than 7-striped one-,. 

Thus, the width of head at the ocular level is correlated with the 
degree of gregariazation and solitariness of the population. It tends 
to increase from a lower solitaria level to a higher gregaria level, parti
cularly in males. This phase-transformation apparently takes place 
iq one ~eneration, i.e., very quic~ly. -
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3. Width of head at genal level (C) 

(Text-fig. 1) 

(a) Mean values.-The mean values (mI!l.) ofo C in the available 
populations for swarming and non-swarming periods (1949-61) are as 
follows:-

o -

Populations Mean width (mm.)±S.E. 
(and eye-stripes) ,Males ~emales 

6-greg. 
1949-Kakko Cone. (6) 
1950-Ajm.Sw. (6) 
1954-Gr.I(6) 
1954~Gr.II(6) 
1954-Gr.III (6) 
1954-Gr.I (7) 
1954-Gr.II (7) 
1954-Gr.III (7) 
1955-Gr.I(6) 
1955-Gr.II(6) 
1955-Gr.III (6) 
1955-Gr. I (7) 
1955-Gr.II(7) 

{ 

1955-Gr.III (7) 
Ph. 1956-57 (6) 
sol. 1956-57 (7) 
1961-Cal.Sw. (6) . 

7.55±0.04 
7.60±0.033 
7.53±0.082 
7.26±0.10 
7.27±0.01 
7.26±0.02 
6.97±0.32 

6.50±0.14 
7.31 ±0.07 
7.20±0.02 
6.55±0.04 
6.63±0.14 
6.30 
6.67±0.05 
6.40±0.043 
6.75±0.064 
7.43±0.040 

;;

--------0----------- 1 

--------~ 
ff? (6) ......................... .... 

0(6) 

............ I 

KEY 

MEAN VALUE 0 
MISSING V ALUE- - - -

7.89±0.07 
7.41.±0.041 
7.90±0.248 
7.98±0.07 
7.79±0.02 
7.73±0.03 
7.65±0.09 
7.70±O.22 
7.67±0.16 
7.83±0.07 
7.88±O.02 
7.42±0.16 

7.63±0.1~ 
7.70±0.05 
7.39±0.088 
7.74={=0.090 

I 
I 

I 
I , 

I 
I 

I 
I 

I 
I 

I 
I 

I 

I 
I 

I 
I 

o , 

Text.-fig 1.-SchOistocerca gregaria. Graph showing the trend of variability in the width 
of head at genal level (C) in various populations, viz., swarming popula
tions (1949-55 and '61), non-swarming populations (1956-57), and 
"typical" phases solitaria and gregaria. The missing values are shown 
in broken lines. Numerals in the circles indicate the population-Groups 
( 1-3) of a particular year. 
For other ex,plana,tions see text, 
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( b) Discussion.-Data for the population of seven years (1949, '50, 
'54, '55, '56, '57 and '61) are available. Of these populations of 1950, 
1954 (Grs. I-III), 1955 (Grs. I and II) and 1961 represent the gregaria 
facies and those of 1949, 1955 (Gr. III) and 1956-57 the- solitaria 
facies. 

This character, 0, is the most sensitive phase-differentiating character. 
The mean value is significantly lower in solitaria population than in 
gregaria. Further, the 6- eye-striped individuals are significantly smaller 
than 7-striped ones in both sexes, and females are significantly larger 
than males. 

Thus, the width of the head at genal level is narrower in typical 
solitaria than in gregaria populations. In the latter it is wider and the 
value acquires a certain stability. The character is distinctly correlated 
with phase, and phase-transformation takes place in one generation, 
i.e., very quickly. 

4. Length of pronotum (P) 

(Text-fig. 2) 

(a) Mean values.-The mean length (mm.) of P in the available 
populations for swarming and non-swarming periods (1949-61) are 
as follows:-

Populations Mean length (mm.)±S.E. 
(and eye-stripes) Males Females 

f)-greg. 7.55±0.04 7.89±0.07 
1949-Kakko Cone. (6) 9.76±0.054 10.94±0.088 
1950-Ajm.Sw. (6) 10.01±O.108 IO.78±O.343 
1954-Gr.I(6) lO.O6±O.12 IO.86±O.10 
1954-Gr.II (6) 10.04±O.03 10.81 ±0.03 
1954-Gr.III(6) 10.00±O.O4 IO.66±O.04 

1954-Gr.I (7) lO.30±O.78 11.22±O.20 
1954-Fr.II (7) 11.60±0.36 

L-954-Gr. III (7) 9.90±0.28 11.77 ±O.34 

1955-Gr.I (6) 9.66±0.11 IO.47±O.11 

1955-Gr.II(6) 9.94±0.O2 IO.86±0.03 

1955-Gr.III(6) 9.86±O.O6 10.76±O.29 

1955-Gr.I (7) 9.67±0.44 

1955-Gr.II(7) 10.00 11.50±0.29 

(1955-Gr.III (7) 10.20±0.08 11.90±0.10 
Ph. ~ 1956-57 (6) 9.82±0.078 11.46±O.176 
sol. L 1956-57 (7) lO.24±O.149 12.10±0.129 

1961-Cal.Sw.(6) 10.07 ±0.090 10.79±O.090 
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Text-fig. 2.-Schistocerca g~egaria. Graph showing the trend of variabiltiy In the 
length of pronotwn (P) in various populations as in Text-fig. 1. For 
explanations see Text-fig. 1 and the text. 

(b) Discussion.-Data for the populations of six years, along with 
those of "typical" gregaria, are available. Of these, those of the years 
1950, 1954 (Grs. I-III), 1955 (Grs. I and II) and 1961 represent the 
gregaria facies, and those of 1949, 1955 (Gr.III) and 1956-57 the solitaria 
facies. 

The mean value in the solitaria facies population is significantly higher 
than in the gregaria for females, the difference in males being less pro
nounced. Within each phase-and eye-stripe group, females are 
significantly larger than males; and 6-striped individuals are smaller 
than 7-striped ones in both sexes. 

In females, the length of the pronotum value increases as the popula
tions moves from the gregaria to the solitaria facies. This tendency is 
reversed in males and tl?e values tend, though at a slower rate, to decrease 
as the populations approach the solitaria condition. 

Phase-transformation takes place in one generation i.e., quickly and 
the change is more pronounced in males than in females. 

5. Height of pronotum (H) 

(a) Mean values.-The mean value (mm.) of H in the available 
populations for the swarming and non-swarming periods (1949-61) 
are as follows:-

Populations 
(and eye-stripes) 

1954-Gr.I(6) 
1954-Gr.II(6) 
1954-Gr.III (6) 
1954-Gr .1(7) 
1954-Gr.II (7) 

Mean height 
Ma,les 

8.16±O.10 
7.99±O.02 
7.90±O.03 
8.50±O.40 

(mm.) ±S.E. 
Females 

8.93±O.07 
8.69±O.03 
8.49±O.03 
9.39±O.10 
9.30±O.20 
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Populations 
(and eye -stripes) 

1954-Gr.III(7) 
1955-Gr.I(6) 
1955-Gr.II(6) 
1955-Gr.III(6) 
1955-Gr.I(7) 
1955-Gr.II(7) 

{ 

1955-Gr.III(7) 
Ph. 1956-57 (6) 
sol. 1956-57 (7) 

Mean height (mm.)±S.E. 
M ales Females 

7.B3±0.16 
B.03±0.OB 
B.14±0.02 
8.20±0.04 
8.13±0.26 
7.70 
B.40±0.Og" 
7.B6±0.047 
B.25±0.086 

9.07±0.12 
B.70±0.11 
B.9B±0.03 
9.10±0.27 

9.37±0.21 
9.90±0.07 
9.13±0.142 
9.57±0.116 

89 

(b) Discussion.-Data for the populations of only four years (1954-57) 
are available. Of these, the populations of 1954 (Grs. I-III) and 
1955 (Grs. I and II) represent gregaria facies and of 1955 (Gr.lll) and 
1956-57 the solitaria facies. The mean value is significantly higher 
in males than in females in gregaria populations. The character P is 
moderately phase-sensitive. 

Within the same phase- and eye-stripe-grouJ?, females are signi
ficantly larger than males and 6 .. striped individuals are significantly 
smaller than 7-striped ones in both sexes. Thus, the height of pro no tum 
decreases with the increase of gregarization, particularly in females. 
For males, however, this tendency is reversed. Phase transformation 
takes place, in one generation, i.e., quickly. 

6. Width of pronotum at the constriction (M) 

(a) Mean values.-The mean values of M in the available populations 
for the swarming and non-swarming periods (1949-61) are as follows :-

Populations Mean width (mm.) ±S.E. 
(and eye-stripes) Males Females 

6-greg. 5.B6±0.04 6.36±O.OB 

1954-Gr.I(6) 5.95±O.OB 6.71 ±0.Q7 
1954-Gr.II(6) 5.73±0.01 6.3B±0.02 

1954-Gr. III (6) 5.64±O.O2 6.23±O.03 
1954-Gr.I(7) 6.27±O.33 6.B5±0.06 

1954-Gr .11 (7) 6.70±O.27 

1954-Gr. III (7) 5.59±O.12 6.67 ±0.15 
1955-Gr.I(6) 5.BO±0.05 6.52±O.O7 

1955 .. Gr.II(6) 5.91 ±O.Ol 6.63±O.O2 

1955-Gr.III(6) 5.84±O.O3 6.67±O.15 

1955-Gr.I(7) 5.80±O.15 
1955-Gr.II(7) 5.70 6.7B±0.12 

( 1955-Gr.III(7) 5.9B±O.05 7.09±0.O4 
Ph. 11956-57 (6) 5.54±0.O38 6.55±O.O69 
sol. J956-57 (7) 5.89±O.O80 6.85±O.O66 

12 
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(b) Discussion.-Data for the populations of only four years (1954-57) 
along with those of "typical" gregaria are available. Of these, the 
populations of the year 1954 (Grs. I-III) and 1955 (Grs. I and II) 
represent the gregaria facies and of 1955-Gr.III and 1956-57 the solitaria 
facies. In males, the pronotum is significantly wider in gregaria popula
tions than in solitaria ones, but females are less sensitive. The character 
M shows moderate phase-sensitivity in - differentiating population~. 
Within each phase- and eye-stripe group, females have wider pronotum 
than males. 

Thus, the width of pro no tum increases with the increase of gregariza
tion particularly in males; females are less sensitive. Phase-transforma
tion takes place- quickly, in one generation, and the change is reflected 
more in males than in females. 

7. Length of elytron (E) 

(Text-fig. 3) 

(a) Mean values.-The mean values ~f E in the available populations 
for the swarming and non-swarming periods (1949-61) are as follows:-

Populations Mean length (mm.)±S.E. 
(and eye-stripes) Males Females 

6-sol. 52.15±0.24 61.56±0.31 
7-sol. 52.38±Q.42 62.90±0.26 
6-greg. 52.85±0.52 58.01±0.81 
1949-Kakko Conc.(6) 51.46±0.29 59.73±0.42 
1949-Kakko Conc.(7) 61.38±1.41 
1950-4jm.Sw. (6) 54.16±0.70 59.70±1.68 
1954-Gr.I(6) 51.71 ±0.97 57.24±1.27 
19 54-Gr. I I (6) 52.25±0.13 57.90±0.18 
1954-Gr.III (6) 52.41 ±0.21 57.51 ±0.25 
1954-Gr.I(7) 51.83±2.32 
1954-Gr. II (7) 61.90±4.65 
1954-Gr.III (7) 51.77±1.32 64.10±0.80 
1955-Gr.I(6) 5'1.01 ±0.49 57.09±0.72 
1955-Gr.II(6) 52.48±0.1~ 59.09±0.14 
1955:Gr.111 (6) 52.07±0.31 59.74±0.91 
1955-Gr.I(7) 50.23± 1.51 
1955-Gr.II(7) 50.20 60.22±0.90 

{1955-Gr.III (7) 52.58±0.43 63.39±0.48 
Ph. 1956-57 (6) 52.07±0.31 59.,62±0.823 
sol. 1956-57 (7) 53.25±0.578 62.94±0.584 
1961-Cal.Sw. (6) 53.82±0.45 59.36±0.82 
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Text-fig. 3.-Schistocerca gregaria. Graph showing the trend of variability in the length 
of elytron (E) in various populations as in Text-fig. 1. 
For explanations see Text-fig. 1 and the text. 

(b) Discussion:-Data for the population of seven years, along with 
the "typical" values for phases gregaria and solitaria, are thus available. 
Of these, the populations for the periods 1950, 1954 (Grs. I-III), 1955 
(Grs. I and II) and 1961 represent the gregaria facies and those for 1949, 
1955 (Gr. III) and 1956-57 the solitaria or near-solitaria facies. 

The length of elytron in the gregaria populations is significantly longer 
than in the solitaria ones in males and smaller in females. Within 
the same phase-and eye-stripe-group, females have significantly longer 
elytra than males; and 6- eye-striped individuals have smaller elytra 
than 7-striped ones. 

The trend thus is that in males E increas~s as the population tends 
towards phase gregaria; and in females the reverse occurs. On the 
whole, the length of elytron is not a very phase-sensitive character. 

B. Restricted width of elytron (WI) 

(a) Mean values.-The mean values ofWl in the available populations 
for the swarming and non-swarming periods .(1949-61) are as follows:-

Populations Mean width (mm.)±S.E. 
(and eye-stripes) Males Females 

195~-Gr.I(6) 7.05±0.10 7.67±0.OB 
1954-Gr.II(6) 7.13±O.02 7.76±0.O2 
1954-Gr.III(6) 7.02±O.03 7.60±O.O3 
1954-Gr. I (7) 6.57±O.29 7.52±O.O7 
1954-Gr.11 (7) 7.90±O.24 
1954-Gr. III (7) 6.54±O.21 B.03±0.29 
1954-Gr.III(7) 

7.66±O.O7 1955-Gr.I(6) 6.B9±O.07 
1955-Gr.II(6) 7.10±0.02 7.B2±O.02 
1955-Gr.III(6) 6.66±0.05 7.36±O.l6 
1~55-Gr.I(7) 6.57 ;1:;0.43 ~ 
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Populations 
(and trye -stripes) 

1955-Gr.II(7) 

{ 

1955-Gr·III(7) 
Ph. 1956-57 (6) 
sol. 1956-57 (7) 

Mean width (mm.)±S.E .. 
Males Females 

6.20 
6.71 ±0.07 
6.47±0.066 
6.76±0.093 

7.67±O.14 
7.84±O.06 
7.52±0.100 
7.94±O.065 

(b) Discussion.-pa!a~ for the population of four years (1954-57) 
are available. Of these,"the populations for 1954 (Grs. I-III) and 1955 
(Grs. I and II) represent the gregaria facies, and for 1955 (Gr.III) and 
1956-57 the solitaria facies. 

The 'restricted' width of elytron is significantly greater in gregaria 
populations than in solita ria ones. Within the same phase-and eye
stripe group, females have significantly wider elytron than males; 
6-striped individuals have significantly narrower elytra than 7-striped 
ones in both sexes. 

The character WI is among the very sensitive characters for differen
tiating the phases. Phase transformation takes place quickly, in one 
generation. In both sexes the 'restricted' width of elytron tends to 
increase from a lower solitaria level to a higher gregaria level, particularly 
in 6- eye-striped individuals. 

9. Length. of hind-Jmiur (F) 
(Text-fig. 4) 

(a) Mean values.-The mean values of F in the available populations 
for the swarming and non-swarming periods (1949-61) are as follows:-

Populations Mean length (mm.)±S.E. 
(and eye-stripes) Males Females 
6-sol. 25.40±O.12 29.37±O.18 
7-s01. 26.13±O.21 30.92±O.13 
6-greg. 24.32±0.20 26.44±O.37 
1949-Kakko Cone. (6) 24.92±0.16 28.35±0.25 
~949-Kakko Con.c.{7) 29.94±0.92 
1950-Ajm.Sw. (6) 24.37±0.29 27.28±0.61 
1954-Gr.I(6) 23.88±0.33 25.25±O.39 
1954-Gr.II(6) 23.76±0.07 25.71±0.10 
1954-Gr.III(6) 23.54±0.11 2S.36±0.14 
1954-Gr.I(7) 29.50±1.00 
1954-Gr.II(7) 29.90±1.45 
1954-Gr.III(7) 25.73±O.71 
1955-Gr.I(6) 23.11 ±O.26 25.52±O.34 
1955-Gr.II(6) 24.06±O.O7 26.50±O.O7 
1955-Gr.III(6) 25.24±O.16 27.97±O.90 
1955-Gr.I(7) 25.30±0.64 
1955-Gr. II (7) 25.10 28.63±0.55 

{ 1955-Gr.III(7} 26.12±O.23 31.21 ±0.22 
Ph. 1956-57 (6) 25.56±O.152 29.92±O.389 
sol. 1956-57 (7) 2'7.09±0.253 31. 73 ±0.288 
1961-Cal.Sw. (6) 24.82 ±.0.23 27.32:!;O.33 
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Text-fig. 4.-Schistocerca gregaria. Graph showing the trend of variability in the length 
of hind-femur (F) in various populations as in Text-fig. 1. 
For explanations see Text-fig. 1 and the text. 

(b) Discussion.-Data for the populations of seven years (1949, '50, 
'54, '57 and '61), along with "typical" values for phases gregaria and 
solitaria, are available. Of these years, the populations of 1950, 1954 
(Grs. I-III), 1955 (Grs. I and II) and 1961 represent the gregaria facies, 
and those of 1949, 1955 (Gr.lll) and 1956-57 the solitaria facies. 

In both sexes, the hind-femur is significantly longer in solitaria than 
in gregaria populations. Within the same phase- and. eye-st.ripe-group, 
females have significantly longer hind-femora than males; and 6-striped 
individuals have smaller hind-femora than 7-striped o~es. This is 
one of the more sensitive character for differentiating the phase. In 
both sexes, the length of hind-femur is negatively correlated with the 
intensity of gregarization, the length increasing as the population 
approach to the solitaria facies. 

IV-MoRPHOMETRIC RATIOS 

1. General 

The following seven morphometrical ratios, for which adequate data 
are available in literature, are discussed below; for others the data are 
either meagre or absent :-

1. PIC 5. ElF 

2. MIC 6. EIC 
3. HIC 7. FIC 
4. EjW1 

The ratios are discussed with respect to their pha~e-significance in 
relation to sex a~d eye-stripes, along with t~eir tren,d i~ various p0,Pula,
tioI\S. 
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2. ~tio l'/li 

(Text-fig. 5) 

(a) Mean values.-The mean values of the ratio PIC in the available 
populations for the swarming and non-swarming periods (1949-61) 
are as ·follows:-

~I' 
!: 
o ... 
I-. 
~ 
lie 
:t 1'4 
~ 
~ 

~ 

1'3 

l'opulations 
(a14Ui ~e-striJ1es) 

6-greg. 
1949-Ka~ko Conc.(6) 
1950-Ajm.Sw. (6) 
1954-Gr. 1(6) 
1954-Gr.11 (6) 
1954-Gr.III(6) 
1954-Gr.1 (7) 
1954-Gr .11 (7) 
1954-Gr.III (7) 
1955-Gr.1 (6) 
1955-Gr.II(6) 
1955-Gr.111 (6) 
1955-Gr.I(7) . 
1955-Gr.11 (7) r 1955-Gr.111 (7) 
Ph. ~ 1956-57 (6) 
sol. L 1956-57 (7) 
I 961-Cal.Sur. (6) 

5 

Mean ratio±S.E. 
Males Females 

1.305±0.011 
1 ~483 ±0.007 
1.330±0.011 
1.38 ±0.02 
1.38 ±0.002 
1.38 ±0.004 
1.47 ±0.05 

1.52 ±0.02 
1.32 ±0.012 
1.38 ±0.003 
1.51 ±0.007 
1.46 ±0.033 
1.59 
1.52 ±0.011 
1.54 ±0.OI0 
1.52 ±0.020 
1.35 ±0.007 

KEY 

1.324±0.009 
1.477 ±0.008 
1.363±0.018 
1.36 ±0.01 
1.3Q ±0.002 
1.38 ±0.003-
1.47 ±0.02 
1.4·8 ±0.08 
1.54 ±0.03 
1.34 ±0.011 
1.38 ±0.002 
1.47 ±0.025 

1.50 ±0.027 
1.54 ±0.009 
1.56 ±0.019 
1.57 ±0.014 
1.35 ±0.008 

MEAN VALUE 0 
MISSING VALUE - - - -

J.yr I 
Inl. cone. Ajm.sw. 3rd yr. 

tst yr. 2nd yr. 
"m4 W 1958-60 1961 
6th yr. 7th yr. Cal.sw. 

Text-fig. 5.-Schistocerca gregaria. Graph showing the trend of variability in the ratio 
PIC in various populations as in Text-fig. 1. 
For explanations see Text-fig. 1 and the text. 

(b) Discussion.-Data for the pop~lation of seven years are available. 
Of these, the populations of 1950, 1954 (Grs. I-III) 1955 (Grs. I and II) 
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and 1961 represent gregaria facies and those for 1949, 1955 (Gr. III) 
and 1956-57 the solitaria facies. 

The mean value of PIG in solitaria populations is significantly higher 
than in g~egaria ones in both sexes. Except in 7-striped forms, no 
significant sexual difference is seen. The ratio PIG is highly phase
sensitive. It bears an inverse relationship with the intensity of gregari
zation, the values rising as the population tends towards the solitaria 
phase. 

3. Ratio MIG 

(a) Mean values.-The mean values of MIG, in the available popula
tions for swarming or non ... swarming periods (1949-61), are as follows:-

Populations Mean ratio ±S.E. 
(and eye-stripes) Males Females 

6-greg. 0.779±0.008 0.805±0.005 

1954-Gr.I(6) 0.82 ±0.01 0.84 ±0.01 

1954-Gr.II(6) 0.79 ±0.001 0.82 ±O.OOI 

1954-Gr.III(6) 0.78 ±0.002 0.80 ±0.002 

1954-Gr.I(7) 0.90 ±0.01 0.90 ±0.01 

19 54-Gr. I I (7) 0.85 ±0.01 

1954-Gr.III (7) 0.86 ±0.01 0.87 ±0.02 

1955-Gr.I(6) 0.79 ±0.005 0.83 ±0.008 

1955-Gr.II(6) 0.82 ±0.002 0.84 ±O.OOI 

1955-Gr.III(6) 0.89 ±0.003 0.90 ±0.012 

1955-Gr.I(7) 0.87 ±0.032 

1955-Gr.II(7) 0.91 0.88 ±0.012" 

{ 1955-Gr. III (7) 0.90 ±O.O06 0.92 ±0.OO4 
Ph. 1956-57 (6) 0.87 ±O.OO5 0.89 ±O.OO9 
sol. 1956-57 (7) 0.87 ±0.OI3 0.89 ±0.007 

(b) Discussion.-Data for the populations of four "years (1954-57), 
along with the "typical" value for phase gregaria, are available. Of 
these, the populations for 1954 (Grs. I-III) and 1955 (Grs. I and II) 
represent the gregaria facies and those for 1955 (Gr.III) and 1956-57 
the solitaria facies. 

The ratio MIG is significantly higher in solitaria phase in both sexes, 
but no sexual and eye-stripe differences are 'noticed. It is very sen
sitive ratio for differentiating the phases. In both sexes, ratio M/C 
is negatively correlated with the degree of gregarization, the value 
decreasing with the increase of gregariza tion. 
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4. Ratio HIC 

(a) Mean values.-The mean values ofH/C in the available popula
tions for the swarming and non-swarming periods (1949-61) are as 
follows:-

Populations 
(and eye-stripes) 

6-greg. 
1954-Gr.I(6) 
1954-Gr.II(6) 
1954-Gr.III(6) 
1954-Gr.I (7) 
1954-Gr.II(7) 
1954-Gr.III(7) 
1955~Gr.I(6) 
1955-Gr.II(6) 
1955-Gr.III(6) 
1955-Gr.I(7) 
1955-Gr~II(7) 

{ 

1955-Gr. III (7) 
Ph. 1956-57 (6) 
sol. 1956-57 (7) 

Mean ratio±S.E. 
Males Females 

1.112±0.008 
1.13 ±0.01 
1.10 ±0.002 
1.09 ±0.003 
1.22 ±0.004 

1.20 ±0.01 
1.10 ±0.008 
1.13 ±0.002 
1.25 ±0.006 
1.23 ±0.014 
1.22 
1.25 ±O.OOS 
1.23 ±0.006 
1.22 ±0.010 

1.126±0.007 
1.12 ±0.01 
1.12 ±0.002 
1.10 ±0.002 
1.23 ±0.009 
1.19 ±0.03 
1.IS ±0.02 
1.12 ±0.009 
1.14 ±O.002 
1.24 ±0.016 

1.23 ±O.016 
1.29 ±O.002 
1.24 ±0.009 
1.24 ±O.009 

(b) Discussion.-Data for the populations of four years (1954-57), 
along with the "typical" value for phase gregaria, are available. Of 
these, the populations for 1954 (Grs. I-III) and 1955 (Grs. I and II) 
represent the gregaria phase and those for 1955 (Gr.III) and 1956-57 
the solitaria phase. The ratio is significantly higher in the solitaria 
phase than in the gregaria; no sexual and eye-stripes differences are seen. 
The ratio is a sensitive phase-discriminant character. It increases with 
the decrease in intensity in gregarization. 

5. Ratio EIW1 

(a) Mean values.-The mean values of the ratio E/W1 in the available 
populations for the swarming and non-swarming periods (1949-61) are 
as follows :-

Populations 
(and eye-stripes) 

1954-Gr.I(6) 
1954-Gr.11 (6) 
1954-Gr.III(6) 
1954-Gr.I(7) 
1954-Gr.II(7) 
1954-Gr.III(7) 
1955-Gr.I(6) 
1955-Gr.II(6) 

Mean ratio±S.E .. 
Males Females 

7.49±O.OS 
7.32±O.01 
7.47±O.02 
7.90±O.10 

7.82±0.14 
7.41 ±0.068 
7.42±O.OI6 

7.58±O.06 
7~49±O.OI 

7.55±O.02 

7.78±O.23 
7.45±O.081 
7.57±0.OI5 
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Populations 
(and eye-stripes) 

1955-Gr.III(6) 
1955-Gr.I(7) 
1955-Gr.II(7) 

{

1955-Gr.III(7) 
Ph. 1956-57 (6) 
sol. 1956-57 (7) 

Mean_ratio±S.E. 
Males Females 

7.88±0.038 
7.69±0.285 
8.10 
7.84±0.068 
7.87±0.063 
7.89±0.076 

8.l0±0.123 

7.92±0.132 
8.12±0.045 
7.96±0.067 
7.93±O.048 
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(b) Discussion.-Data for the populations of four years (1954-57) 
are available. Of these, the populations for 1954 (Grs. I-III) and 
1955- (Grs. I and II) are of the gregaria phase and those for 1955 (Gr. III) 
and 1956-57 of the solitaria phase. The ratio is significantly lower in 
gregaria than in solitaria phase. No sexual and eye-stripes differences, 
are seen. Since the values of the ratio in the two phases are far apart, 
it may be considered as a useful ratio for discriminating the phases. 
The ratio bears an inverse relationship with the intensity of gregariza ... 
tion, the values increasing as the populations move towards the solitaria 
phase. 

6. Ratio ElF 

(Text-fig. 6) 

(a) Mean values.-The mean values of the ratio ElF in the available 
populations for the swarming and non-swarming pel',iods (1949-61) are 
as follows :-

Populations Mean ratio±S.E. 
(and eye-stripes) Males Females 

6-sol. 2.05±O.OI2 2.09±0.008 
'i -sol. 2.00±0.O06 2.03±O.007 
6-greg. 2.17±0.024 2.25±0.017 
1949-Kakko Cone. (6) 2.06±O.OI0 2.12±0.011 
1949-Kakko Cone. (7) 2.07±O.O22 
1950-Ajm.Sw. (6) 2.22±O.O23 2.19±0.O35 
1954-Gr.I(6) 2.23±O.03 2.31±O.O3 
1954-Gr.II(6) 2.21 ±O.OO4 2.26±O.OO4 
1954-Gr.III(6) 2.22±0.OO7 2.26±O.O2 
1954-Gr.I(7) 
1954-Gr.II (7) 
1954-Gr.III(7) 2.00±0.03 
1955-Gr.I(6) 2.21±O.O18 2.24±0.016 
1955-Gr.II(6) 2.18±0.004 2.23±O.OO4 
1955-Gr.III(6) 2.07 ±O.OIO 2.11 ±O.O31 
1955-Gr.I(7) 1.99±O.OI3 
1955-Gr.II (7) 2.00 2.10±0.O21 r 1955-Gr.III (7) 2.01±0.OO9 2.04±O.OO8 
Ph. 11956-57 (6) 2.00±O.OO5 2.00±O.O13 
sol. 1956-57 (7) 1.97±O.012 1.99±0.OO8 
1961-Cal.Sw. (6) 2.18±O.010 2.21±0.O70 

13 
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'Text-fig. 6.-Schistocerca gregaria. Graph showing' the trend of variability in the ratio 
ElF in various populations as in Text-fig .. 1. 
For explanations see Text-fig. 1 and the text. 

(b) Discussion.-Data for the populations of seven years, along with 
"typical" values for phases gregaria and solitaria are available. Of 
these, the populations for 1950, 1954 (Grs. I-III), 1955 (Grs. I and II) 
and 1961 are of the gregaria phase and those for 1949, 1955 (Gr.III) and 
1956-5.7 of the solitaria ,phase. 

Unlike other ratios, ElF is significantly larger in gregaria 'populations 
than in solitaria ones. No sexual difference is seen. But eye-stripe 
differences are noticeable and 7 -striped males have significantly larger 
ratios than 6-striped ones. The ratio is highly . phase-sensitive. It 
increases with the increase in the intensity of gregarization. 

7. Ratio EIC 

(a) Mean values.-The mean values of EIC in the available popula
tions for the swarming and non-swarming periods for four years (1954-57) 
are as follows :-

Populations 
(and eye-stripes) 

1954-Gr.I(6) 
1954-Gr.II(6) 
1954-Gr. III (6) 
1954-Gr. I (7) 
1954-Gr.II(7) 
1954-Gr.III (7) 
1955-Gr.I(6) 
1955-Gr.II(6) 
1955-Gr.III(6) 
1955-Gr.I(7) 

Mean ratio±S.E. 
Males Females 

7.31±0.08 
7.20±0.01 
7.21 ±O.02 
7.44±0.13 

7.86±O.09 
6.98±O.05 
7.30±O.Ol 
7.98±O.04 
7.57±O.07 

7.30±O.09 
7.45±O.Ol 
7.43±0.02 

8.22±O.32 
7.29±O.06 
7.50±O.Ol 
8.03±0.14 
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Populations 
(and eye-stripes) 

1955-Gr.II(7) 
r 1955-Gr.III(7) 

Ph. -< 1956-57 (6) 
sol. L 1956-57 (7) 

Mean ratio±S.E. 
~ales l?ennales 

7.97 
7.92±O.05 
7.95±0.041 
7.S9±0.067 

7.96±O.11 
8.23±0.03 
8.07±0.050 
8.14±O.058 

99 

(b) Discussion.-The populations for 1954 (Grs. I-III) and 1955 
(Grs. I and II) represent the gregaria phase and those for 1955 (Gr.III) 
and 1956-57 the solitaria phase. The ratio is significantly smaller in 
gregaria populations than in solitaria ones. Only in the 7- eye-striped 
category, fe~ales are significantly larger than males, there being no 
other differences in the various eye-stripes categories. Like other ratios 
involving C (width of head at the genal level), E/C is a highly phase 
sensitive ratio. It bears an inverse relationship with the inten~ity of 
gregarization, the value falling as the populations tend towards gregaria 
phase. . 

8. Ratio FIG 

(Text-fig. 7) 

(a) Mean values.-The mean values of FIG in the available popula
tions for the swarming and non-swarming periods (1949-61) are as 
follows:-

Populations 
(and eye-stripes) 

6-greg. 
1949-Kakko Gone. (6) 
1950-Ajm.Sw. (6) 
1954-Gr.I(6) 
1954-Gr.II(6) 
1954-Gr.111 (6) 
1954-Gr.I (7) 
1954-Gr.II(7) 
1954-Gr.III(7) 
1955-Gr.I(6) 
1955-Gr.II(6) 
1955-Gr.III (6) 
1955-Gr.I(7) 
1955-Gr.II(7) 

r 1955-Gr.III(7) 
Ph. ~ 1.956-57 (6) 
sol. l1956-57 (7) 
1961-Cal.Sw.(6) 

Mean ratio±S.E. 
Males Females 

3.233±0.032 
3.790±0.024 
3.237 ±O.036 
3.1S ±O.02 
3.27 ±O.OI 
3.25 ±0.01 

3.92 ±0.04 
3.17 ±0.04 
3.35 ±O.Ol 
3.86 ±O.03 
3.81 ±0.02 
3.98 
3.93 ±0.02 
3.98 ±0.021 
4.02 ±O.038 
3.35 :±0.010 

3.320±O.032 
3.824±O.027 
3.458±O.079 
3.18 ±O.04 
3.30 ±O.OI 
3.27 ±O.Ol 
3.86 ±O.007 
3.70 ±O.007 

3.25 ±O.04 
3.36 ±O.OI 
3.82 ±O.09 

3.79 ±O.08 
4.04 ±0.02 
4.05 ±O.024 
4.11 ±O.038 
3.41 ±0.020 
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Text-fig. 7.-Schistocerca gregaria. Graph showing the trend of variability in the ratio 
F Ie in various populations as in Text-fig.' 1. 
For explanatio~s see Text .. fig. 1 and the text. 

(b) Discussion.-Data for the population of seven years along with 
the "typical" val~es for phase gregaria, are available. Of these, the 
populatio.ns for 1950, 1954 (Grs. I-III), 1955 (Grs. I and III) and 
1961 represent the gregaria phase and those for 1949, 1955 (Gr.III) and 
1956-57 the solitaria ph,ase. 

The ratio in solitaria phase populations is significantly higher than in 
gregaria phase in both sexes. Only in the 6- eye-striped category, 
females are significantly la~ger than males, their being no other difference 
in the eye-stripes categories. The ratio FIG is found to be "one of the 
most sensitive characters for discriminating the phases. It varies inver
sely with the intensity of gregarization, and falls as the populations tend 
towards the gregaria phase. 

V-DISCUSSION 

I. General 

The study of population dynamics in the Desert Locust is approached 
here with the aid of such "population-indicators" as the m6rphometric 
characters (size of body-parts and their ratios). 

2. Eye-stripes and sex-ratios 

The eye-stripe (5-, 8-striped) composition and sex-ratio being 
associated with phase transformation, their study in relation to these 
chains of populations (1949-61) is most desirable. The population 
of the initial year (1949.-Kakko concentration) of the Ninth Cycle in India, 
is characterized by the high proportion (94%) of 6-striped individuals, 
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and the male: female ratio is 54: 46. A 5-striped form is recorded 
for the first time in this population. I ts appearance in a population 
heading towards gregaria will serve as a clue for associating it with either 
of the phases. 

In the Ajmer swarm (1950), the sample-size is not sufficiently large 
(n' = IS) to enable us to place too much reliance on the observed sex
ratio (c! 71 : ~29 %). The presence of 7-striped individuals, although 
in exceedingly small proportions, in this swarming population is an 
important phenomenon and its occurrence may be attributed to the 
initial stage of the cycle. 

The proportion of 6-striped individuals in the s\varming 1954-
population is 990/0 and the sex-ratio 053 : ~ 47. 

In the 1955-population also, the 6-striped individuals predominate 
(93%). Tne sex-ratio is c!51 : ~49, thus closely approaching the 50: 50 
ratio. A few 8- eye-striped form a:ppear in the last quarter of this year, 
thus indicating the advent of the solitaria per~od (Roonwal, 1954). A 
few 5- eye-striped individuals were also observed during the mid-year 
period. 

In the 1956-57 population the eye-stripe composition 6: 7 striped 
as 60: 40 is at variance with that of the previous years as is seen from 
the decline of the proportion of 6-striped individuals. The ploportion 
of males (60%), on the other hand, goes up. 

The swarming population of 1961 (Calcutta swarm) is free from 5-, 
7- and 8- eye-striped individuals and only 6-striped ones occurring. 
The sex-ratio is cf' 55 : ~45. This slight deviation from the 50: 50 
ratio in swarms may be ascribed to sampling fluctuations. 

3. }..;forphometric characters and ratios 

The dynamics of morphometric variation in the desert locust 
populations f01 a comylete swarming non-swarming cycle is compared 
here for the first time. This will help in the understanding of the 
variation-intensity of ~ locust plague and finding out characters which 
are variation-stable (vide, Roonwal, 1954). Each of the populations 
has been compared with other known populations and with the "typical" 
values for the phases in order to assess the extent of disparity. For 
the initial year (Kakko concentration~ 1949) of the ninth (1949-55), 
swarming cycle, the variation was studied by utilizing five characters 
(C, P, E, Wand F) and four ratios (PIC, E/W1, ElF and F/C). A 
high degree of sexual difference is recorded with regard to all characters 
and the ratio ElF. There is generally no difference between 6- and 
7 - eye-striped individuals. Compared with "typical" values for the 
phases, this population is seen to be of non-swarming or solitaria facies, 
even though the population is rather high (over 18,000 per'square mile). 
Though occupying an int.ermediate position, it tends towards the 
solitaria phase. The greater dispersion of values in this initial con
centration as compared to the extreme phases is an indicator of its 
heterogenei ty. 
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In the Ajmer Swarm (1950), belonging to the second year of 1949-55 
swarming cycle, the same set of characters and ratios as in the previous 
year as mentioned above, was used. Comparison with "typical" 
gregaria and the initial Kakko Concentration (1949) shows some rese~blance 
of the swarm with the previous years population. The difference 
between the two populations is due to the increase of gregarization in 
the second year, and males are more variable than females. (As stated 
earlier, the populations of the years 1951-53 were net considered; 
they belong to heavy swarms and may therefore, be presumed to be of 
gregaria nature). 

Populations of the years 1954 and 1955 are of considerable interest 
as belonging to the last facet of the 1949-55 Swarming Cycle. For 
finding any seasonal influence on the morphometry and for convenience 
of study, the population of each of these years was divided into three 
natural Groups (I-III) each comprising of four consecutive months. 
Eight characters (0, C, P, H, M, ·E, WI and F) and seven ratios 
(PIC, M/C, H/C, E/W1, ElF, EjC and FjC) were used. Several impor
tant results, were derived. ,Thus, plasticity here i.s :r:nore pronounced 
in fen:tales than in males, and there is a high degree of sexual dimorphism 
in Groups II and III for 1954-population. The eye-stripe composition 
(6- and 7-striped) differ to a great extent, particularly in Group III 
(September-December population). The group-difference is well exhi
bited by the character M and the ratio M/C, FjC and H/C. 

A decided difference is found between Groups II. (May-All:gust) 
and III (September-December). Irrespective of the Groups, the 
1954-population as a whole differs from the "typical" solitaria pha~e 
populations in respect of the characters E, F and the ratio EjF. Gene
rally speaking, the values in the penultimate year's population have 
greater leanings towards the typical gregaria phase and the Ajmer 
Swarm (1950) than towards the solitaria phase and the Kakko Concentration 
(1949). The length of the hind-femur (F) has proved to be a sensitive 
character in this respect. 

Two new characters (A and B)* and one ratio (K/L) were- also 
utilized in the 1955-population which belongs to the last year of the 
1949-55 Cycle. 

The values of morphometric characters in the 1955-population 
suddenly change in the last four months to resemble that of the solitaria 
phase. The first two Groups (I and II), however, are similar to the 
Groups of the 1954-population which are of the gregaria type. The 
sex difference is also very high, females having higher values than males 
in almost all cases (the ratio K/L being an exception). Notwithstanding 
the difference between the Groups I and II, their morphological simi
larity is not greatly disturbed. Compared to the "typical" vall:1es 
for the phases, the 1955-Groups I-II are fQund to closely approach 
the typical gregaria and Group III the typical solitaria values. This 
finding is further confirmed when the groups are compared with the 
Ajmer Swarm (1950) and the Kakko Concentration (1949). The characters 

* A, length of eye; B, maxinlum width of eye; K, greatest; and L, narrowest, width 
of metasternal interspace. 
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C, W1 , F and the ratios involving C are highly sensi#ve under different 
degrees of population densities. 

For the 1956-57 population, the same set of characters and l·atios 
as in 1954 was studied. This is a population from two non-swarming 
years, just following the 1949-55 Swarming Cycle in -India. Samples 
being taken from scattered population of low densities, the distribution 
over the whole year is not uniform so that "Groupings", as in the years 
1954 and 1955, were not done. A point of interest is that high sexual 
and eye-stripes (6- and 7-striped) differences are recorded with regard 
'f:o- all the morphometric characters, where as such differences are lack
ing in respect of most of the ratios. Another characteristic of this 
population is the lack of consistency in its affinity to the "typical" phases. 
For some characters and ratios it is closer to gregaria phase and for the 
others to the solitaria phase. This may be due to the instability of the 
popul~tion which is not yet completely freed from the influence of 
gregarization. Inspite of this, 'the population bas a greater affinity to 
phase solitaria, as is obvious from the general consideration of the several 
morphometric characters. 

In 1961, a typical swarm sample from Calcutta was' studied in res
pect of four characters (C, P, E and F) and three ratios PIC, ElF and 
F/C). Like Ajmer Swarm of 1950, this also represents the population 
of the second year of a Swarming Cycle (the Tenth) in India, though 
the samples were collected in the early pel iod of the third year. The 
comparative study of their characteristics has a special significance. 
A point of difference between the two years lQ50 and 1961, lies in the 
smal~er dispersion of values of the 1961-swarm than in the 1950 one, 
and in the "typical" gregaria phase values. Except for FlO in males, 
the two 'swarms do. 'not differ appreciably. The correlation between 
F and C varies in degrees in the two swarms. In other pairs of charac
ters, viz., (E, F), (E, C), (E, P), (F, P) and (0, P), the association, 
tho~gh generally higher in the }'961 swarm, is not significantly different. 
Generally speaking a few points of dissimilarity that are noted indicate 
the greater homogeneity and fuller gregarization of the Calcutta Swarm 
as compared to Ajmer Swarm. 

The morphometric superiority of females over males has been 
judged by the Sexual Dimorphism Percentage (S.D.P.) (Roonwal, 
1949). This measure was used to substantiate the inter-sex comp_arison 
of mean sizes. Though not very. efficient as a phase discriminant, 
the S.D.P. values help to some extent in identifying populations of 
gregaria facies from those of solitaria ones. It has been noticed that 
gregarization in a, population is corrleated with S.D.P.-inversely for 
morphometric characters (size of the body-parts) and directly for their 
ratios. 

From these population studies an assessment can be made of the 
efficacy of the different morphometric characters and ratios for introduc
ing a considerable "distance" between two populations or _ phases. It 
has been. observed that the performance of many characters, do not 
remain the same in different types of population-comparison. Among 
the very few characters which retain their sensitivity uniformly, the 
width of head at the genal level (C) is the most outstanding. The 
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other important characters to be utilized along with Care M, E, WI 
and F. The ratios which involve the use of C are all sensitive. The 
ratio ElF is, however, a sophisticated ratio for phase-discrimination, 
and is less uniformly sensitive than the' others. 

VI-SUMMARY 

1. Morphometric data obtained from the present thesis and pub
lished elsewhere in the literature is used for studying the population 
dynamics of the Desert Locust during the period 1949 to 1961 (re
presenting the Ninth and earlier part of the Tenth Locust Cycle in India). 

2. Ten morphometric characters (size of body-parts) and eight 
ratios along with eye-stripe composition and sex-ratios are considered. 

3. The important role of eye-stripe and sex-ratios as "indicators" 
in the study of phase biology and population dynamics of the Desert 
Locust is discussed. 

4. The morphometric character '0' (width of head at genal level) 
emerged as the most phase sensitive character. The other sensitive 
characters are M (width of pronotum at the constriction), E (length 
of ely tron) , WI (restricted width of elytron) and F (length of hind
femur). 

5. Among the ratios, which involve the use of 0 (width of head at 
genal level) were found to be most sensitive. 

6. The sensitive role of certain body-size and ratios, along with 
behaviour of the sexes in varying population densities, and the intra
specific divergence in different population groups are discussed. 

7. The trend and performances of sensitive characters and ratio 
indicates the existence of more ,or less set pattern in the phase-biology 
of the Desert Locust. 
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I-INTRODUCTION 

(a) General 

Species of the genus Glyptotermes are wood termites- and some of them 
are serious pests of rubber and tea plantations. Thus, they are of 
considerable economic importance. 

A taxonomic revision of the oriental species of the genera Kalotermes 
and Neotermes has been done by RoonwaI and Sen-Sarma (1960) and 
of that of the genus Cryptotermes by Chhotani (1970). Here in this 
paper, a taxonomic revision of the species of Glyptotermes, known from 
the Indian subregion, is undertaken and all the species so far recorded 
from this subregion are redescribed in detail and illustrated adequately. 
The imago of G. coorgensis Holmgren and Holmgren, so far not known, 
is described here for the first time. The following 6 species are dealt 
with:-almorensis Gardner, ceylonicus Holmgren, coorgensis Holmgren 
and Holmgren, dilatatus (Bugnion and Popoff), minutus Kemner and 
nigrifrons Mathur and Sen-Sarma. The zoogeographical distribution 
and the phylogenetic position of the genus have be~n discussed. 
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II-INDIAN Glyptotermes: SYSTEMATIC REVISION, ZOOGEOGRAPHY 

AND PHYLOGENY 

1. GENERAL REMARKS, ZOOGEOGRAPHY, ETC. 

(a) General remarks 

111 

Froggatt (1896) erected the genus Glyptotermes to include his species 
tuberculatus, iridipennis, brevicornis and eucalypti in his subfamily Glypto
termitinae. He also included his genus Heterotermes in the subfamily 
Glyptotermitinae (p. 518) but later on, in the same publication (p. 550) 
he relegated that genus and the ·species H. platycephalus to the subfamily 
Heterotermitinae. As in case of genus Gryptotermes, some authorities 
regard Glyptotermes also as a subgenus of K alotermes (Galotermes of some 
authors) along with some other genera of the family Kalotermitidae 
(Holmgren 1910, '11a, '13; Emerson, 1925, '28; Hare, 1937; Hill, 1942; 
Rattan Lal and Menon, 1953; etc.). At present it is recognised as a 
full genus of the family Kalotermitidae. 

The soldiers of some species of Glyptotermes show great diversity of 
characters and were thus from time to time referred to different genera, 
e.g., G. asperatus Snyder to subgenus Galcaritermes of genus Kalotermes by 
Snyder (1926) when he described the species; G. contracticornis Snyder 
to subgenus Neotermes by Hare (19-37); G. posticus Hagen to subgenus 
Gryptotermes by Holmgren (1911a) with some doubt; and so on. Holm
gren (1911a) created the subgenus Lobitermes to accommodate Galotermes 
lobicephalus Silvestri (= canellae Muller) and Galotermes pinangae Haviland) 
both of which are now regarded as belonging to Glyptotermes (Snyder, 
1949; Krishna, 1961). 

Grasse (1949) recognised the validity of subgenus Lobitermes and 
raised it to full genus. Tsai and Chen (1963) have described a new 
s.pecies, Lobitermes nigrifrons*. But Snyder (1949), Roonwal and Sen
Sarma (1960) and Krishna (1961) do not give generic status to Lobitermes, 
and I agree with the latter view. 

(b) Zoogeography and distribution (Table 1) 

Snyder (1949) recognised 45 living and one fossil species of Glypto
termes from the world. Krishna (1961) listed all the species included 
by Snyder (1949) except Galotermes latifrons Silvestri which he referred 
to genus Proneotermes. ~e also included six out of ten species of Glypto
termes described after Snyder (1949), thus making a total of 51 known 
species including a fossil one: Out of the other four, he refe15 Glypto
termes longiceps Cachan and? G. sordwanae Coaton, along with several 
other species, to hjs new genus Postelectrotermes)' and ? G. umtatae Coaton 
to genu~' Kalotermes. He does not include G. alaotranus Cachan in any 
of the Kalotermitid genera. 

Mathur and Sen-Sarma (1960), Tsai and Chen (1963) and Ahmad 
(1965) have recently described G. nigrifrons from southern India, G. 
chinpingensis from southern China and G. kachongensis from Tha~land, 

* See discussion below, on Lobitermes nigrifr~ns. 



112 Records of the Zoological Survey of India 

respectively. Krishna a~d Emerson. (1.962) have added another 20 
specie5 from the Neotropical (8), EthIopian (5), Papuan (5) and Indo
Malayan (2) regions. The total number of species thus known at 

TABLE I.-Distribution of species of Glyptotermes in various zoogeographical regions. 

Number of ~pecies Present Account 
Region 

Snyder Emerson Krishna No. of 
(1949) ( 1955) (1961 ) described Percentage 

species 

Australian 5 5 5 5 6.8 

Ethiopian 2 10 12 11 15.1 
(including 6 
new species) 

Indo-Malayan 16 19 21 23 31.5 
(including 3 
new species) 

Malagasy 1 2 2 1 1.4 
(including 1 
new species) 

Neotropical 18 27 25 25 34.2 
(including 8 
new species) 

Papuan 3 8 8 8 11.0 
(including 5 
new species) 

Unknown Region 1 1 

Total: 45 72 74 73 
(including 25 (including 23 
new species) new species) 

present from all over the world is 73 living and one fossil. The living 
forms are distributed in various zoogeographical regions as follows:
Australian (5 species or 6.80/0); Papuan (8 or 11.0%); Indo-Malayan 
(23 or 31.50/0); Ethiopian (11 or 15.1 0/0); Malagasy (lor 1.4%); and 
Neotropical (25 or 34.2%). 

As the species of Glyptotermes are apparently not easily transportable 
by artificial means, their distribution is rather restricted. This res
tricted distribution and their abundance in the Neotropical (34.2 %) 
and Indo-Malayan (31.5%) regio~s, provide some reasons to believe 
that, as suggested by Emerson (1952, 1955), the genus had its origin 
in either of these regions, and thence got dispersed in the late Jurassic 
or early Cretaceous through the Bering land bridge having a tropical 
climate during the Mesozoi~ times ~and to the Australian and Papuan 
Regions, through the former Papuan connections with the Indo-Malayan 
Region. An alternative is that the genus had the origin in the southern 
land mass, when these land masses were contiguous and thence got 
dispersed before they started drifting apart according to Wegener's 
hypothesis (Wegener 1922, van der Gracht 1928). 
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(c) Phylogenetic position. 

113 

Glyptotermes falls in the group with other Kalotermitid genera which 
have the anterior margin of the 2nd marginal tooth of the left imago 
mandible, equal to the posterior margin of the 1st marginal (i.e.-, the 
Proelectrotermes-Galcaritermes complex of Krishna, 1961) . The median 
vein in all the genera of this complex is generally strongly chitinised 
except in case of the fossil genera Proelectrotermes and Electrotermes and 
the living genus Kalotermes. These fossil genera are definitely more 
primitive as indicated by the presence of spines on the middle tibia, 
a character which is in common with the probably more primitive 
termites of the families Mastotermitidae and some Hodotermitidae. 
Glyptotermes can be grouped with Calcaritermes because of the absence 
of the radial sector branches and in having a more compact costal area 
in the wings, features common to both the genera. The soldier of some 
of the species, however, has a phragmotic head which is comparable to 
the soldier head of the genera CryjJto termes, Eucryptotermes, Calcaritermes 
etc., a case of convergent evolution as s~ggested by Krishna (1961). 

(d) Taxonomic work on Indian Glyptotermes 

Bugnion and Popoff (1910) were the first to describe a species of 
Glyptotermes (G. dilatatus-their Calotermes dilatatus) from the Indian Region 
(Ambalangoda, Ceylon). Holmgren (1911 b) described another species 
(G. ceylonicus) from Peradeniya, Ceylon, and later on (1913) revised 
the oriental species including these two known from Ceylon. 
Holmgren and Holmgren (191 7) recorded the genus from the Indian 
mainland and described a species, G. coorgensis, from South India. 
Kemner (1932) described yet another species G. minutus, from Ceylon 
and Gardner (1944) described G. almorensis from Almora (Western 
Himalayas, India). Snyder (1949) included the Indian Glyptotermes 
in his world catalogue, and Rattan Lal and Menon (1953) have cata
logued the Indian forms. Recently, Mathur and Sen-Sa:rma (1960) 
have described another species, G. nigrifrons, from southern India. Thus, 
so f:tr only 6 species are known from the Indian region. 

A considerable amount of'work has been done on the biology and 
control of G. dilatatus which is a serious pest of tea in Ceylon and on 
G. ceylonicus (Holmgren). The more important works on biology, etc. 
which need reference here are those by Jepson (1930) and Pinto (1941). 

(e) JJistribution of Glyptotermes species in the Indian region (Text-fig. 1) 

Out of the 73 wo Id and 23 Indo-Malayan species of Glyptotermes, 
only six are known from the Indian Region (India, Ceylon, Burma, 
Pakistan). From the Indian mainland 3 species. (almorensfs, co~rgensis 
and nigrifrons) are known whereas the other 3 specIes (ceylonzcus, dtlatatus 
and minutus) are known from Ceylon. There are no records of any 
Glyptotermes from either Burma or Pakistan. - The species have ~omewhat 
restricted distribution. G. ceylonicus, G. dilatatus and G. mznutus are 
confined to Ceylon. The single record of G. dilatatus from Madras, 
India (Rattan Lal and Menon, 1953) is based on a paper by Rau, S. A. 
1936 (Rep. Tea Dep. U.P.A.S.l., 1~35-36, Madras), ~ut. Rau refers to 
an undescribed species near G. dzlatatus, G. almorenszs IS known from 
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the Western Himalayas (Almora and' Garhwal, Uttar. Pradesh) and 
coorgensis and nigrijrons are from southern India. 

(f) Note on Lobitermes nigrifrons' Tsai and Chen 

The genus or subgenus Lobitermes is now generally recognised as a 
synonym (in part) of genus Glypto termes, and in part that of the genera 
Cryptotermes and Cf!,lcaritermes. Recently, Tsai and Chen (1963) des
cribed a. new species, Lobitermes nigrifrons, from South China which 
they placed near Calotermes (Lobitermes) pinangae Haviland. The latter 
species has now been referred to the genus Glyptotermes (Snyder, 1949; 
Krishna, 1961). I have not been able to examine specimens of L. nigri
frons Tsai and Chen and am, therefore, unable to give an opinion on 
its status. But if it is a Glyptotermes, which most likely is, it requires a 
new name as Glypto termes nigrifrons Mathur and Sen-Sarma (1960) 
has priority. 

2. SYSTEMATIC ACCOUNT OF GLYPTOTERMES 

Genus GlyptoterlDes Froggatt 

(i) Genus Calotermes (in part) 

IAS8. H. A Hagen, Linn. Ent., Berlin, 12 : 31-38. 
1858. H. A. Hagen, Catat. Specimens Neuropterous Insect Coll. Brit . .!vIus., London, 

Part 1: 1. 
1898. G. D. Haviland, J. Linn. Soc. Lond., London, 26 : 371, 373. 
1904. J. Desneux, Genera Insect., Brussels, Fasc. 25, Termitidae.· 20-24. 

(ii) Genus Glyptotermes 

1896. 

*1905. 
*1915. 

1924. 
1926. 
1930. 
1934. 
1941. 
1949. 
1949. 

1949 . 
1950. 
1952. 
1955. 
1955. 

1958. 
1960. 

1961. 
1961. 

W. W. Froggatt, Proc. Linn. Soc. N.S. W., Sydney, 21 (4): 518,;;43. (Type. 
by subsequent designation.) Type of genus: Glyptotermes tubercutatus Froggatt. 
W. W. Froggatt, Agr. Gaz. N.S. W., Sydney, 16 : 17, 23, 24. 
W. W.· Froggatt, Bull. Dep. Agric. N.S. W., Sydney, No." 60: 25. 
T. E. Snyder, Pore. U.S. nation. Mus., Washington, 64 (Art. 6) :-IG9. 
Y. Sjostedt, K. Sv. Vet. Akad. Handl., Stockholm, (3)3 (1): 22, 23, 42. [In part]· 
S. F. Light, Philipp. ]. Sci., Manila, 42 (1): 15, 16, 18. 
N. A. Kemner, K. Sv. Vet. Akad. Handt., Stockholm, 13 (4): 30, 38. 
M. P. D. Pinto, Indian]. Ent., New Delhi, 3 (1): 85. 
T. E. Snyder, Smiths. misc. Colt., Washington, 112 : 45, 359. 
P. Cachan, Mem. Inst. Sci. Madagascar, Tenanarive, (A) 3 (2): 180, 185, 
190, 208, [In part]. 
P. P. Grasse, Traite de Zoologie, Paris, 9 : 531. . 

. M. Ahmad, Bull. Amer. Mus. nat. Hist., New York, 95 (Art. 2): 44, 50. 
A. E. Emerson, Bull. Amer. Mus. nat. Hist., New York, 99 (Art. 3): 218-219. 
H. Weidner; In: Schmidt's Die Termiten.· 46, 48,68. 
A. E. Emerso~, Fieldiarca (Zool.), Chicago, 37 : 468, 473, 476-478, 492, 507, 
508. 
M. Ahmad, Biologia, Lahore, 4 (1-2): 35, 36. 
M. L. Roonwal and P. K. Sen-Sarma, Contrib. Syst. Orient. Termites, New 
Delhi : 97, 98. 
K. Krishna, Bull. Amer. Mus. nat. Hist., New York, 122 (Art. 4): 343-348. 
W. V. Harris, Termites.' Their Recogn. & Cont., London, p. 47. 

* Not seen in original. 
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(iii) Subgenus Glyptotermes 
1910a. N. Holmgren, Zool. Anz., Leipzig, 35 : 285. [Mentions G. borneensis as the 

type-species] . 
1910b. N. Holmgren, Trans. Linn. Soc. Lond. (Zool.), London, (2) 14 (8), Pt. 1: 140. 
1911. N. Holmgren, K. Su. Vet. Akad. Handl., Stockholm, 46 (6): 53, 55, 56, 58-61. 

[Mentions G. borneensis RaviI. as type-species]. 
1913. N. Holmgren, K. Su. Vet. Akad. Handl., Stockholm, 50 (2): 37, 49 
1925. T. E. Snyder, J. Washington Acad. Sci., Washington, 15 (7): 152, 157-158. 
1925. A. E. Emerson, Zoolog ica , New York, 6 (4): 313, 331. 
1928. A. E. Emerson, Bull. Amer. Mus. nat. Hist., New York, 57 (Art. 7): 405, 412, 

418. 
1933. T. E. Snyder, Proc. ent. Soc. Wash., Washington, 35 (5): 67. 
1934. T. E. Snyder, Indian For. Rec. (Ent.), Delhi, 20 (11): 24, 27. 
1937. L. Hare, Ann. ent. Soc. Amer., Colombus (Ohio), 37 (3): 461, 474, 475. 
1942. G. F. Hill, Termites (/sop.) Austr. Region: 7, 85. 
1963. Rattan Lal and Menon, R. D., Catalog. Indian Insects, Part 27, [soptera, Delhi: 

8, 11-12. 

(iv) Genus/subgenus Lobitermes Holmgren 

1911. N. Holmgren, K. Su. Vet. Akad. Handl., Stockholm, 46 (6): 53, 56, 59-61" 
1913. N. Holmgren, K. Su. Vet. Akad. Handl., Stockholm, 50 (2): 37, 59. 
1924. T. E. Snyder, Proc. U.S. nation. Mus., Washington, 24 (Art. 6): 9-10. 
1925. T. E. Snyder, J. Wash. Acad. Sci., Washington, 15 (7): 152, 158. 
1925. A. E. Emerson, Zoological, New York, 6 (4): 337. 
1928. A. E. Emerson, Bull. Amer. Mus. nat. Hist., New York, 57 (Art. 7): 406. 
1933. S. F. Light, Calif. Uniu. Publ. (Ent.) , Berkeley, 6 (5): 82, 101. 
1933. T. E. Snyder, Proc. ent. Soc. Wash., Washington, 35 (5): 67. 
1949. P. P. Grasse, Traite de Zoologie, Paris, 9 : 531. 

(a) Characters of genus Glyptoterme,s Froggatt 

IMAGO: Head-capsule quadrate or sub circular , sides without eyes 
weakly convex or somewhat straight; posterior margin round;- epicranial 
sutures present. Fontanelle absent. Eyes broadly oval and modera .. 
tely large. Ocelli oval, either touching, or away from the eyes. 
Antennae with 11-17 segments. Clypeus flat, trapezoidal ~qt very 
distinctly separated into an ante- and a postclypeus. Labrum 'broadly 
tongue-shaped; broader than long. Mandibles each with an apical 
and 2 marginal teeth; apical finger-like; anterior margin of 2nd marginal 
tooth of left mandible equal to posterior-margin of 1st marginal; posterior 
margin of 2nd marginal of right mandible only slightly longer than 
molar plate. Pronotum narrower than, or as wide as, head with eyes. 
Legs with 3 apical spurs on each tibia. Tarsi 4-jointed; an arolium 
always present. Wings smoky brown, strongly punctate; all veins, 
except median in hindwing, arising independently from scale. Costa, 
subcosta, radius and median strongly, and cubitus weakly, chitinised. 
Costa bordering the anterior margin; sub costa in forewing short and 
fusing with costa just outside scale, and absent in hindwing; radius 
short fusing with costa a little away from scale; radial sector running 
parallel with costa upto the distal tip of wing-membrane; median 
running parallel with and close to radial sector, and ari~ing indepen
dently from scale in forewing but from radial sector in hindwing; cubitus 
running medially, with branches to posterior margin. Abdomen long. 
Cerci 2-jointed and short. 

SOLDIER: Head-capsule generally subrectangular, cylindrical; some .. 
times phragmotic, with frons sloping infront almost vertically as in 
Cryptotermes and cancave in some species, either weakly or distinctly 
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bilobed in front, with a U - or V -shaped depression in between; epicranial 
sutu.res present. F0D:tan~lle absent. Eyes present, one on either side, 
unpIgmented. Ocelh minute, translucent, dot-like, present near the 
extremity of lateral sutures of head, one on either side; sometimes not 
distinct. Antennae with 10-15 segments. Clypeus divided into an 
ante- and a postclypeus; postclypeus distinctly or weakly separated 
from frons. Labrum tongue-shaped. Mandibles prominently den
tate, basally either humped or plain on outer margin; generally thick 
and stout. Postmen tum long, club-shaped. Pronotum either narrower 
than or, as wide as or slightly wider than, head-capsule. Legs with 
3 apical tibial spurs on -each tibia. Tarsi 4-jointed. Abdomen elongate. 
Cerci 2-jointed, short. 

PSEUDOWORKER: 'Head-capsule sub circular , broader than its length 
to base of mandibles; eyes rudimentary, unpigmented; ocelli absent. 
Antennae with 9-12 segments. Mandibles as in imago. Pronotum 
either narrower than, or as wide as, or wider than, head-capsule. Legs 
short, apical tipical spurs 3: 3: 3; tarsi 4-jointed. Abdomen elongate; 
cerci 2-jointed and short. 

(b) Keys for identification of Indian species of genus Glyptotermes 

( i) Key to imagos 

Out of six species of Glyptotermes occuring in the Indian Region, 
imagos of only five are known, and are keyed below:-

1 (4). 
2(3). 

3(2). 

4(1). 
5(6). 

6(5). 

7(8). 

8(7). 

Larger species: Head-width with eyes over 1 mm. (c. 1.03-1.30 mm.). 
Darker species, head-capsule yellowish brown to. brown; V-suture di~tinct. 

.. 1. G. ceylonicus Holmgren 
Paler species, head-capsule brownish yellow; Y -suture indistinct. 

. 2. G. dilatatus (Bugnion & Popoff) 
Smaller species: Head-width with eyes under 1 nun. (c. 0.85-0.97 mm.). 
Ocelli small and directed vertically when viewed laterally, diameter: 
(maximum 0.07, minimum 0.05 mm.). 

.. 3. G. coorgensis Holmg. & Holmg. 
Ocelli large and directed antero-Iateral1y, diameter: (maximum 0.09, 
minimum 0.07-0.09 mm.). 
Head-width with eyes 0.85 mm.; eyes separated from basal margin of 
bead-capsule by a distance of c. 0.13 mm. 

4. G. minutus Kemner. 
Head-width with eyes 0.90-0.97 mm.; eyes separated from basal margin 
of head-capsule by a distance of c. 0.17 mm. 

5. G. almorensis Gardner 

(ii) Key to soldiers 
1(4). Larger species: Head-length to lateral base of mandibles 2.0-3.01 mm.; 

maximum head-width 1.27-1.67 mm. 
2 (3). Mandibles short, thick and stout; left mandible with 2 thick marginal 

teeth; Mandible-Head Index (Left mandible length/Head-length to base 
of mandibles) smaller, c. 0.34-0.36. Head longer and wider (head
length to base of mandibles 2.62-3.01; maximum head-width 1.50-1.67 

3(2). 

mm.). 
1. G. ceylonicus Holmgren 

Mandibles long and thin; left mandible with 4 prominent marginal 
teeth; Mandible-Head Index (Left mandible length/Head-length to 
base of mandibles) larger. c. 0.47-0.50. Head smaller and narrower 
(head-length to base of mandibles 2.0-2.23; maximum head-width 1.27-
-1.35 rom.). 

2. G. dilatatlLs (Bugnion & Popoff) 
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4(1). Smaller species: Head-length to lateral base of mandibles 1.29-1.73 mm.; 
'maximum head-width 0.90-1.20 mm. 

5(6). Antero-Iateral corners of head-capsule sharply pointed infront. 
-3. G. coorgensis Holmg. & Holmg. 

.. 4. G. nigrifrons Mathur & Sen-Sanna 
6(5). Antero-Iateral corners of head-capsule rounded infront. 
7(8). Head-capsule narrower (maximum width 0.90 mm.). Y-suture distinct . 

. . , 5. G. minutus Kemner 
8(7). Head-capsule ,vider (maximum width 1.06-1.13 rom.). Y-suture faint, 

lateral arms .indistinct. 
6. G. aJmorensis Gardner 

3. DESCRIPTIONS OF SPECIES OF GLYPTOTERMES 

I. Glyptotermes almorensis Gardner 

(Text-figs. 2-5; and Tables 2-4) 

(i) K alotermes I (Glyptotermes) almorensis Gardner 

1944. J. C. M. Gardner, Indian J. Ent., New Delhi, 6 : 104-105. 1m. and S. Fig. I 
~S. mandibles). Type-locality: Bajwar (Almora District, Uttar Pradesh, 
India). Types examined. 

1953. Rattan Lal and Menon, R. D. Cal. Indian Insects, Part 27, [soptera, p. 12, 
India: Bajwara (= Bajwar), Almora Dist., U.P. 

(ii) -Gtyptotermes almorensis Gardner 

1949. 1'. E. Snyder, Smiths. misc. Coli., Washington, 112 : 45, India. 
1953. M. L. Roonwal and G. D. Pant, Indian For. Leafl. (Ent.), Delhi, No. 121 (3): 

44. India: Uttar Pradesh: Bajwar; Paithani-Jakh (Garhwal). 
1961. K. Krishna, Bull. Amer. Mus. nat. Hist., New York, 122 (Art. 4): 347. 
1962. R. N. Mathur and R. S. Thapa, Indian For. Leafl. (Ent.), Delhi, No. 167: 

9. India: Uttar Pradesh: Bajwar; Paithani-Jakh (Garhwal). 

(a) Material Examined 

(A) Present in F.R.I., Dehra Dun: (i) A vial (F.R.I. Nos. M.G. 
17357/1, t. 3365, j. 115), with a soldier, an imago (alate) and several 
pseudoworkers, co types, Bajwar, Almora Dist. (Uttar Pradesh, India), 
colI. J.G.M. Gardner, June 1937, ex "dead Rhododendron" 

(B) Present in Z.S.I., Calcutta: (ii) A. vial (Z.S.I. No. 3729/H8), 
with 4 imagos (alates)) 2 soldiers and 2 p~eudoworkers, J akh Kandar 
Syun, Paithani (Garhwal, D.P., India), colI. B. Singh, June 1941, ·ex 
"dead and hard stump of Rhododendron arboreuln" 

( b ) Description 

Types examined: 

1. IMAGO (Text-figs. 2 & 3; Table 2).-

General: Head-capsule, pronotum and abdominal tergites castane
DUS brown; first 4 or 5 abdominal tergites darker; sternites paler; coxae 
a:nd femora dark brown; labrum a~ten.nae, tibiae and tarsi pale brown; 
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mandibles brown with dark brown teeth; wings dark brown. The 
imago in the type collection has become paler, probably due to age. 
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Text ... fig. 2.-Glyptotermes almorensis Gardner. Imago. Par:llectotype, from Bajwar 
(U.P., India). 
fa) Head and pronotum, in dorsal view (sides of pro no tum pressed do\\n). 
(bi Ditto, ir.. side view. 
act., anteclypeus; ant., antenna; e., eye; lr., labrum; md., mqndibJc; 
OC., ece Ih~s; pd., postc1)'tjeu~; pr.t., profJotum. 

:Head and body sparsely'hairy. Total body-length with wings c. 7.2-8.1, 
without \vings c. 4.2-5.4 mm. 
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Head: Length of head-capsule generally equal to width (with 
eyes) sometimes a little less (length to base of mandibles O.90~O.97; 
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Text .. flg. 3.-G{'Vpt~termes a/moren-sis Gardner. Imago. Paithani (U.P., India). 
(a) Head qnd ~ronoturn, in dorsal view (pronotum in actual shape, 
in situ). (b) Left mandible, in dOl'sal view. (c) Ditto, right mandible. 
act., anteclypeus; ant., antenna; ap.t., apical tooth of mandibles; e., eye; 
ir., labrum; It., left; mh tn~; 1st and 2nd marginal teeth of mandibles; 
md., mandible; DC., ocellus; pel., postc1ypeus; prt., pronotum; rt., right. 
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TABLE 2.-Measurements (in mm.) of Glyptotermes almorensis Gardner and G. 
coorgensis Holmgren & Holmgren. Imago. 

ex., examples. 

Body-parts 

1. Total body-length with wings (excluding ante
nnae), c. 

2. Total body-length without wings, (excluding 
antennae), c. 

3. Length of head to tip of labrum 
4. Length of head to lateral base of mandibles 
5. Maximum width of head (with eyes) 
6. Maximum height of head 
7. Maximum length of labrum 
8. Maximum width of labrum 
9. Maximum diameter of compound eye (with 

ocular sclerite) 
10. Maximum diameter of lateral ocellus 
11. Minimum diameter of lateral ocellus 
12. Minimum ocellus-antennal distance 
13. Minimum eye-ocellus distance 

14. Minimum eye-antennal distance 
1 S. Minimum distance of eye from lateral base of 

head 
16. Maximum length of pronotum 
17. Maximum width of pro no tum 
18. Length of fOlewing with scale 
19. Length of forewing scale 
20. Length of hind wing with scale 
21. Length of hindwing scale 

C. almorensis 
Range (5 ex.) 

7.2 -8.1 

4.4 -5.4 
1.13-1.30 
0.90-0.97 
0.90-0.97 
0.50-0.53 
0.17-0.25 
0.30-0.33 

0.23-0.25 
0.09 
0.09 

0.15-0.17 
0.015 

(in one ex. only) 
0.03-0.04 

0.17 
0.53-0.60 
0.77-0.83 
5.70-6.30 
0.67-0.80 
5.40-5.80 
0.30-0.33 

G. coorgensis 
Range (2 ex.) 

4.2 -4.6 
1.07 

0.87-0.90 
0.87-0.93 

0.53 
0.2'.J 
0.33 

0.25 
0.07 
0.05 
0.15 

0.03 

0.15 
0.57 

0.80-0.83 

0.77-0.86 

0.33 

width with eyes also 0.90-0.97 mm.); sides without eyes substraight; 
posterior margin round. Frontanelle: Absent. Eyes: Two lateral, small, 
suboval, black, facetted eyes, one on either side; maximum diameter 
with ocular sclerite 0.23-0.25; minimum diameter 0.20-0.21 mm.; 
situated at a distance of 0.1 7. mm. from the lateral base of head-capsule. 
Ocelli: Two medium-sized, oval, translucent ocelli, one on either side, 
somewhat directed in front; generally touching the eye of its side, 
sometimes slightly separated; separated from the antennae by a distance 
of c. 0.15-0.17 mm. Antennae: With 12 segments; basally sparsely and 
distally fairly pilose; segment I cylindrical; 2 longer than half of I and 
slightly longer than 3; 4 to the penultimate segments gradually increasing 
in length, large and broadly pyriform; last ovate, . pointed apically 
and narrower than the penultimate one. Clypeus: Sub trapezoidal ; 
al),terior margin weakly convex to round, sides weakly incurved; in
distinctly divided into an ante- and a post-clypeus. Labrum: Broader 
than long; anterior margin round; with a few hairs near anterior margin. 
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Mandibles: Subsquarish. Left mandible \vith an apical and two mar
ginal teeth; apical finger-like; 1 st marginal shorter but thicker than 
apical; 2nd marginal subequal to 1st and \\rith anterior margin equal 
to the posterior margin of 1st. Right Inandible also \vith an apical 
and two marginal teeth; apical finger-like, a little stronger than the 
corresponding one in left mandible; 1st marginal subtriangular, sub
equal to but stronger than apical; 2nd marginal short, with the posterior 
margin a little longer than molar plate. 
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Tcxt-fi.(.,T. 4.--G{),I')lolcl·/llej' (ll/llore/lj'Z', G-.-ll'cillC'I', ".. F f P' h . • _ J' J IIlg~. 1'0111 a spCClmCll 1'0111 alt anI 
(U.P.~ India). 

((7) FOl'cwi'I1f,;. ill dorsal \'jc\\'. 
(c) Hind\\'ing, ill dorsal \'i..'w. 

(b) Ditto~ proxilnal portion enlarged, 
(d) Ditto, proximal portion, enlarged. 

C., costa; Cu., cubitus; ,,\1., lucdian; R., radius; Rs., radial sector; S£., 
subcosta. 

a 

d 
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Thorax: Pro1Zotum: Subrectangular; narrower than headcapsule 
and broader than long; maximum length 0.53-0.60; maximum width 
0.77-0.83 mm.; with short and long bristles on all margins and a few 
on body; anterior margin weakly concave; sides round (in the lecto
morphotype, (Text-fig. 2a), the sides appear substraight in dorsal view 
due to the dehydration and pressing down of sides); posterior margin 
substraight; both antero-Iateral and postero-Iateral corners rounded, 
anterior ones narrower. Legs: Short and hairy; apical tibial spurs 
3: 3: 3. Tarsi 4-jointed; arolium prese~t. 

Wings (Text-fig. 4): Dark brown; membrane covered with pro
minent granules. Forewing: A little longer than hindwing; scale also 
longer and covering the hindwing scale. All veins arising independently 
from scale. Costa, subcosta, radius, radial sector and median strongly 
chitinised and thick, cubitus generally weak somewhat prominent near 
the scale. Costa bordering the anterior margin and running upto 
distal end. Subcosta minute, fusing with costa just outside the scale. 
Radius short, arising separately and joining the costa at about one-sixth 
the length of wing-membrane from scale. Radial sector arising separa
tely from scale (but from a common stalk, with radius inside the scale); 
curving up a little and then running parallel with costa upto the distal 
tip; without any branches to costal border. Median also curving up 
and running close to and parallel with radial sector. Cubitus running 
medially and with 11-14 branches to posterior margin; cross-veins 
between eubitus and median sometimes present. Hindwing: Costa, 
radius and radial sector as in forewing. Subcosta lacking. Median 
arising from the radial sector at about one-fourth to one-sixth of wing
membrane from the scale, and rqnning close to, and paralleL with the 
radial sector upto the distal end. Cubitu3 as in forewing, with 12-13 
branches to posterior margin;- cross-veins between cubitus and median 
sometimes present. 

Abdomen: Oblong; hairy. Cerci 2-jointed, 0.10 mm. long. Styli 
(in males) singl~-jointed, 0.07 mm. long. 

2. SOLDIER (Text-fig. 5; Tables 3).-

General: Head-capsule reddish brown, paler posteriorly and dark 
reddish brown anteriorly; antennae, labrum, legs and abdomen pale 
yellowish brown; the last telgite darker (testaceous, vide Gardner 1944); 
mandibles -black. Head and body sparsely pilose with longish bristles. 
In the soldier in the type collection (now selected as Lectotype) the 
head is generally paler and th~ hairs haven fallen off probably due to 
faulty preservation. Total body-length c. 4.8-5.7 mm. 

Head: Head-capsule subrectangular, flat; longer than broad, 
length about one-and-a half times the width (length to lateral base of 
mandibles 1.43-1.73; maximum width 1.06-1.13 mm.); frons sloping 
in front and weakly depressed medially; lateral protuberences on frons 
absent or weakly developed; sides substraight; posterior margin round; 
Y -suture faintly marked, median a:rm weak, lateral arms indistin~t; 
genae round not sharply projected infront. Fontanelle: Absent. Eyes: 
Two lateral, oval, unpigmented eyes, one on either side; flush with 
head surface; situated at a distance of their short diameter from the 

16 
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TAaL:e 3.-Measurements in mm.) etc., of G{yptotermes almorensis Gardner; G. ctylonicus 
Holmgren and G. corogensis Holmgren & Holmgren. Soldier. 

Body-parts 

1. Total- body-length (exclud
ing antennae) c. 

2. Length of head to lateral base 
of mandib1es 

"I. Maximum width of head 
4. Maximum height of head 
5. Head Index I (Width I 

Length) 
6. Head Index II (Height/ 

Width) 
7. Head Index III (Height! 

Length) 
~. Maximum length of labrum 
9. Maximum width of labrum 

10. Length of mandibles (from 
upper base of condyle to 
tip) : 
(a) Left mandible 
(b) Righ t mandible 

11. Head-mandible length Index 
(L eft mandible-length I 
Head-length to base of 
mandibles) 

I? Minimum median length of 
postmentum 

13. Maximum width of post
mentum 

14. Width of postmentum at 
anterior end 

15. Width of postmentum at 
waist 

16. Post;mentum-contraction 
Index (i.e., Width at waist! 
Maximum width) 

17. Maximum length of prono
tum 

18. Maximum width of prono
tum 

19. Pronotum-head Index (Pro
notum-width/Head-width) 

20. Pronotum Index (Length! 
Width) 

21. Maximum width of mesono
tum 

22. Maximum width of metano
tum 

ex., examples. 

G. almorensis 

Range 
(!" ex.) 

4-.8 -5.7 

1.43-1. 73 
1.07-1.13 
0.87-0.93 

0.65-0.75 

0.80-0.87 

0.52-0.60 
0.20-0.25 
0.27~0.30 

0.67-0.77 
0.70-0.77 

(2 ex.) 

0.45-0.47 

0.90-1.10 

0.40-0.43 

0.27-0.30 

0.20-0.21 

0.47-0.57 

0.60-0.63 

1.03-1.07 

0.94-0.96 

0.58 

0.80-0.93 

0.83-0.90 
(2 ex.) 

Lectotype 

5.7 

1.73 
1.13 
0.90 

0.65 

(\.80 

0.52 
0.23 
0.30 

0.77 
0.77 

0.45 

1.10 

0.40 

0.27 

0.23 

0.57 

0.63 

1.07 

0.94· 

0.58 

C.93 

6. cf:Jlonitus G. coorg,nsis 

Range 
(5 ex.) 

6.5 -10.4 

2.67-3.00 
1.50-1.67 
1.37-1.40 

0.56-0.6(, 

0.84-0.91 

0.47-0.51 
0.32-0.47 
0.33-0.43 

0.90-1.00 
0.90-1.00 

0.33-0.36 

1.90-2.33 

0.50-0.60 

0.33-0.40 

0.23 

0.38-0.46 

0.73-0.97 

1.33-1.67 

0.87-1.00 

0.55-0.60 

1.33-1.60 

1.33-1.67 

Range 
(9 ex.) 

4.8 -5.8 

1.33-1.70 
1.00-1.20 
0.80-1.00 

0.65-0.75 

0.79-0.87 

0.53-0.61 
0.13-0.23 
0.27-0.30 

0.63-0.77 
0.63-0.77 

0.43-0.48 

0.83-1.17 

0.35-0.44 

0.21-0.30 

0.19-0.27 

0.48-0.62 

0.50-0.60 

0.87-1.03 

0.86-1.00 

0.55-0.61 

0.80-0.97 

0.87-0.97 
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antenna! socket. Ocelli: Indistinct. Antennae: With 11-12 segments; 
segments 1 and 2 sparsely and the remainder fairly pilose· segment 1 
longest, cylindrical; 2 cylindrical, about one-half of 1· 3 sh~rter than 2 
sub equal to or slightly longer than 4; sometimes subdivided· 4 to th~ 
penultimate one broadly pyriform and sub equal ; the last ~vate and 
~arrower than the penultimate one. Clypeus: Subtrapezoidal; divided 
Into an ante- and a postclypeus. Anteclypeus a thin, pale, apilose 
strip. Postclypeus pilose; demarcated .from frons by a thin, weak 
groove. Labrum: Broadly tongue-shaped and slightly wider than 
long; anterior margin rounded. Mandibles: Short, stout and strongly 
hooked apically; length a little less than half of head-capsule. Left 
mandible with 3 marginal teeth; marginals 1 and 2 close together and 
situated in distal third of mandible; marginal 3 larger and situated in 
middle-third. Right mandible with 2 marginal teeth in middle-third 
of mandible. Postmen tum : Long, club-shaped; widest at about anterior 
one-third; sides gradually narrowing behind into a narrow waist at 
posterior one-third and widening again posteriorly; in front of widest 
point, sides weakly narrowed; anterior margin substraight; posterior 
margin concave, bulged medially. 

Thorax: Pronotum: Subrectangular; slightly narrower than head
capsule (as wide as head, according to Gardner 1944); much broader 
than long (maximum length 0.60-0.63; maximum width 1.03-1.07 
mm.); anterior margin weakly concave and slightly notched in middle; 
sides substraight and narrowed posteriorly; posterior margin nearly 
straight; antero-Iateral corners narrower than postero-Iateral corners. 
Mesonotum: Narrower than pronotum; posterior margin straight. 
Metanotum: As wide as, or a little wider than, mesonotum; posterior 
margin straight. Legs: Short and hairy; apical tibial spurs 3: 3: 3. 
Tarsi 4-jointed. 

Abdomen: Oblong, hairy; the last tergite somewhat darker than, 
the rest. Cerci 2-jointed. 

3. PSEUDOWORKER (Table 4).-

General: Head-capsule pale brown; antennae, labrum and body 
paler than head. Mandibles pale brown with dark brown toothed 
margins. Head and body sparsely pilose. Total body-length c. 
4.5-5.0 mm. 

Head: Head-capsule subcircular; almost as wi~e as length to l~teral 
base of mandibles (length to lateral base of mandIbles 1.00; maXImum 
width 0.93-1.03 mm.). Fontanelle and ocelli: Absent. Eyes: Two 
lateral unpigmented eyes, one ~n either side; flush ~ith. head-surf~ce. 
Antennae: With 10-11 segments; segment 1 long, cylIndrIcal;. 2 a lIttle 
longer than half of 1, cylindrical; 3 sh~rt; ~ t9 the penultImate one 
broadly pyriform and gradually IncreaSIng In length; the last ovate, 
narrower and shorter than the penultimate one. Clypeus, labrum and 
mandibles: As in imago. 

Thorax: Pronotum: Almost as wide as, or slightly narrower .than, 
head-capsule; broader than long (maximum length 0.57; maXImum 
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width 0.90-1.00 rom.); anterior margin concave; posterior margin 
substraight. Legs: As in soldier. 

Abdomen: Oblong, sparsely pilose. Cerci 2-segmented, 0.07 mm. 
long (broken in most of the specimens examined). ~tyli also broken 
in the specimens examined. 

(c) Type-specimens :-Gardner ( 1944) neither selected the holotype 
nor gave any repository of the types. Out of the cotypes present in 
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Text-fig. 5.-Glyptotermes nlmorensis Gardner. Soldier. Lectotype, from Bajwar (U.P., 
India). 

(a) Head and pronotum, in dorsal view. (b) Ditto!, in side. view. 
\c) Left mandible", in dorsal view. (d) Ditto, 1 ight mandible. 
(e) Pos tmen tum, in ventral view. . 

ac/., anteclypeus; ant., antenna; e., eye; Ir., labrum, [t., left; ml-ma,lst 
to 3rd marginal teeth C?f mandibles; md., mandible; pel., ,postclyPeus; 

prt., pronotum; rt., rlght, 

d 
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TABLE 4.-Measurernents (in mm.) of Glyptotermes almorensis Gardner, C. ctry Ion iCUJ 
Holmgren and G. coorgensis Holmgren & Holmgren. Pseudoworker. 

ex., examples. 

G. almorensis C. ceylonicus G. coorgensis 
Body-parts 

Range (5 ex.) (1 ex.) Range (10 ex.) 

I. Total body-length (excluding anten-
nae) c. 4.5 -5.0 8.60 4.9 -6.2 

2. Length of head to tip of labrum 1.17-1.37 1.83 1.17-1.33 
3. Length of head to lateral base of 

mandibles 1.00 1.40 0.90-1.07 
4. Maximum width of head 0.93-1.03 1.50 0.93-1.10 
5. Maximum height of head 0.SO-0.6C 0.97 0.57-0.67 
6. Maximutl1 length of labrum 0.20-0.30 0.47 0.20--0.33 
7. Maximum width oflahrum 0.33-0.40 0.43 0.33-0040 
8 Maximum length of pronotum 0.57 0.90 0.53-0.70 
9 ~ Maximum width of pronotum 0.90-1.00 1.60 0.83-1.00 

the F.R.I., Dehra Dun, vide "Material (i)" above, I have selected the 
lectotype and paralectotypes as follows:-

Lectotype: A soldier, in a vial. 

Paralectotypes: An imago and several pseudoworkers, in a vial. 

Cotypes are also present in B.M., London and with Prof. Emerson 
(now in A.M.N.H., New York) vide. Roonwal and Pant (1953, p. 44). 

(d) Type-locality :-Ba jwar, Almora District (Uttar Pradesh, India), 
c. 31 0 30' N., 750 55' E. 

(e) Distribution: India: Uttar Pradesh: Bajwar (type-]ocality), Almora 

District; and Paithani, 300 05' N., 78° 55' E., Garhwal District. 

(f) Comparison.-Glyptotermes almorensis is close to G. coorgensis Holmg. 
& Holmg. and G. minutus Kemner, and is separable from them as 
follows:-

1. From G. coorgensis: 

Imago: (i) Slightly paler species. (ii) Head-capsule somewhat 
larger (length to base .of mandibles 0.90-0.97 vs. 0.87-0.90 mm.; maxi
mum width O.90~0.97 vs. 0.87-0.93). (iii) Ocelli larger and directed 
anteriorly in lateral view vs. smaller and directed vertically (maximum 
diameter 0.09 vs. 0,.07 mm.). 

Soldier: (i) Antero-Iateral corners of head-capsule at base of man
dibles, rounded Cvs. sharply projected). (ii) Head sutures indistinct 
(vs. distinct). (iii) Inner margin of left mandible between marginal 
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teeth 2 and 3 roundly concave (vs. incurved with a deep notch). (iv) 
Mandibles without a basal hump on outer margin (vs. with a weak to 
prominent hump). 

2. From G. minutus: 

Imago: (i) Generally larger (length to tip of labrum 1.13-1.30 
vs. 0.99; length to base of mandibles 0.90-0.97 vs. 0.85; pronotum 
length 0.53-0.60 vs. 0.49; and pronotum width 0.77-0.83 vs. 0.76 mm.). 
(ii) Head-sutures distinct vs. indistinct. (iii) Eyes separated from 
antennae by a distance of 0.03-0.04 mm. vs. 0.015 mm.; and from basal 
margin of head by 0.17 vs. 0.13 mm. 

Soldier: (i) Head-capsule wider (maximum width 1.06-1.13 vs. 
0.90 mm. (index Width/Length 0.65-0.75 vs. 0.60). (ii) Head-sutures 
indistinct vs. distinct. (iii) Postmentum waist short and broad vs. 
long and narrow (Postmentum-Contraction Index i.e., Width at waist/ 
Maximum width 0.47-0.57 vs. 0.46). 

2. Glyptotermes ceylonicus Holmgren 

(Text-figs. 6 & 7; Tables 3 & 4) 

(i) Calotermes (Glyptotermes) ceylonicus Holmgren 

1911a. N. Holmgren, In: Escherich's TermitenlebenaufCeylon,: 187,189, 1m. Type
locality: Peradeniya (Ceylon). 

1911b. N. Holmgren, Zool. Anz., Leipzig, 37 (26): 551. [= C. dilatatus]. 
1913a. N. Holmgren, Spol. Ztrylan., Colombo, 8 (32): 277, 279-280. 1m. and S. 

Ceylon: Peradeniya. 
1913b. N. Holmgren, K. Sv. Vet. Akad. Handl., Stockholm, 50 (2): 49, 50, 55-56, 

fig. 10 (S. mandibles), pI. 1, fig. 12 (S.), 1m. and S. Ceylon. 
1913. E. E. Green, Spol. Zeyian., Colombo, 9 (33): 8. Ceylon: Peradeniya. 
1925. O. john, Treubia, Batavia, 6 (3-4): 380. Ceylon: Peradeniya. 
1930. F. P.jepson, Trop. Agr;c., Peradeniya, 75 (3 & 4): 149, 151, 155, 1 pI. Ceylon: 

Elpitiya; Hewaheta; Peradeniya. 
1931. F. P.jepson, Adm. Rep. Dir. Agric. Ceylon, Colombo, 1930: 72, 73. Ceylon: 

Hewaheta Dist.; Chilaw; Peradeniya. 
1934. V. Margabandhu, J. Bomba.,v nat. Hist. Soc., Bombay, 37 (3): 702. Ceylon: 

Peradeniya. 

(ii) Calotermes ceylonicus Holmgren 

1922. E. Hegh, Les Termites, Brussels, p. 48. Ceylon. 

(iii) Glyptotermes ceylonicus Holmgren 

1941. M. P. D. Pinto, Indian J. Ent., New Delhi, 3 (1): 86. Ceylon: Hewaheta; 
Passara; Peradeniya. 

1941. C. F. C. Beeson, Ecology & Control Forest Insects, etc.: 541. 
1942. H. Kirby, Univ. Calif. Publ. (Zool.), Berkeley, 45 (2): 116. Protozoa. 
1949. T. E. Snyder, Smiths. misc. Coli., Washington, 112 : 47. Ceylon. 
1953. M. L. Roonwal and G. D. Pant, Indian For. Leafi. (Ent.), Delhi, No. 121 (3): 

44. Ceylon: Kurunegala. 
1958. M. Ahmad, Biologia, Lahore, 4 (1-2): 47, 50. Keys. 
1961. K. Krishna, Bull. Amer. Mus. nat. Hist., New York, 122, (Art. 4): 347. 
1962. R. N. Mathur and R. S. Thapa, Indian For. Leafi. (Ent.), Delhi, No. 167: 9. 

Ceylon: Kurunegala; Peradeniya. 
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(iv) Kalotermes (Glyptotermes) ceylonicus Holmgren 

129 

1953. Rattan Lal and Menon, R. D., Catalogue Indian Insects, Part 27-Isoptera: 
12-13. Ceylon. Also see for other references on biology of this species. 

(v) Glyptotermes ceylonicus var. cylindricus Kemner (MS name). 

1941. M. P. D. Pinto, Indian}. Ent., New Delhi, 3 (1): 87. Ceylon: Elpitiya. 

1949. T. E. Snyder, Smiths. misc. Coll., Washington, 112 : 346. Ceylon: Elpitiya. 

1962. R. N. Mathur. and R. S. Thapa, Indian For. Leafl. (Ent.), Delhi, No. 167: 9. 
Ceylon: Elpitiya; Talgaswella. 

(a) Material Examined 

(A) Present in Z.S.I., Calcutta: (i) A vial with 2 soldiers, Kurunegala, 
Ceylon, F.R.I. colI., 24.xii.1934, ex "Cutocarpus integrifolia" 

(B) Present in Zoologiska Institute, Lund University, Lund: (ii) A vial 
with 2 soldiers, 2 nymphs and 1 pseudoworker, Talgaswella, Elpitiya, 
Ceylon, colI. F.P. Jepson (No. 6489), 20.viii.1925, ex "dead Heavea" 
Det. N. Kemner "Calotermes (Glyptotermes) ceylonicus yare cylindricus" (MS 
name). (iii) A vial with 1 soldier, Ceylon, colI. F.P. Jepson, 20.viii.1925, 
ex "Kemner's CoIl." 

(b) Description 

1. IMAGO.-

Imagos were not available to me. I, therefore, gIve below the 
English translation of the original description: 

"IMAGOl ) Head pale brown, paler in front [Yellowish brown to 
brown, vide Holmgren 1913]. Pronotum paler than head. Abdomen 
brownish above, paler below, legs rust yellow. Wings iridescent, with 
brownish anterior veins. 

"Pilosity of head and thorax very thin. 

"Head thick, almost quadrately oval. Facetted eyes and ocelli 
small, the latter separated from the eyes by their diameter or a little 
more [touching the eyes vide Holmgren 1913]. Clypeus short. Antenna 
14-segmented (?) [I3-segmented vide Holmgren 1913], distinctly thick
ened distally. Segment 2 almost as long as 3. 

"Pronotum as wide as head posteriorly [narrower than head vide 
Holmgren 1913], anterior corners rectangular [acutely rounded vide 
Holmgren 1913], posterior corners strongly rounded, posterior margin 
hardly sinuate. Pronotum somewhat longer than half the width. 
Wings moderately long, narrow, marked, weakly iridescent. Subcosta 
not visible. Radius joined with anterior margin before the middle of 
wing. Radial sector single. Median outside running near the radial 
sector. Transverse branches absent. Cubitus only basally strongly 
marked, with generally 13 [10-12 vide Holmgren 1913] branches which 
stand thick basally." 

"1) Description from a dried example." 



130 Recordj qf the Zoological Survey qf India 

The following measurements of imago are from Holmgren 19~ 1~ 
(original description), Holmgren (1913, Spolia Zeyl., 8 (32), p. 279; 
and 1913, K. Sv. Vet. Akad. Handl., 50 (2), p. 55):-

1. Length with wings 8.5 -11.0 mm. 
2. Length without wings 4.7 - 6.0 

" 
3. Length of head 1.33- 1.52 

" 4. Width of head 1.15- 1.30 
" 5. Length of pronotuln 0.52- 0.72 
" 6. Width of pronotum 0.96- 1.22 
" 7. Length of forewing 7.3 
" 

2. SOLDIER (Text-fig. 6; Table 3).-

General: Head-capsule pale brownish yellow, frons reddish brown; 
mandibles black, reddish brown at base; labrum and antennae pale 
yellow to pale reddish yellow; body and legs straw yellow. Head 
sparsely and body moderately hairy. Total body-length c. 6.5-10.4 mm. 

Head: Head-capsule subrectangular; frons sloping in front; 
dorso-Iateral protuberances of frons quite prominent; much longer 
than broad (length to base of mandibles 2.62-3.01; maximum width 
1.50-1.67 mm.); sides subparallel; posterior margin round;" Y -suture 
present. Fontanelle: Absent. Eyes: Two lateral, translucent, suboval 
eyes; situated a little behind the antennae. Ocelli: Two lateral, dot
like, translucent ocelli, one on either side, at the end of the lateral arms 
of V-suture. Antennae: With 12 segments; moderately pilose; segment 
1 longest and cylindrical; 2 about half of 1 or a little longer, and cylin
drical; 3 shortest; 4-11 'pear-shaped; the last shorter and narrower 
than the penultimate one. Clypeus: Divided into an ante- and a post
clypeus. Anteclypeus apilose; either a thin or moderately long, rec
tangular, translucent strip. Postcylypeus pilose, demarcated from frons 
only at lateral corners. Labrum: Broadly tongue-shaped; anterior mar
gin broad; slightly longer than broad and extending beyond the middle 
of mandibles. Mandibles: Thick and stout, distally broadly narrowed. 
Left mandible with 2 large, broad marginal teeth; 1 st marginal a little 
above one-fourth of mandible (in one example very near the distal tip) ; 
2nd marginal broader and larger than 1st and located in middle of 
mandible length. [In the figure given by Holmgren 1913, fig. 10, 
the 2nd marginal is shown just below the 1st. Dentition of left mandible 
is apparently very variable.] Right mandible with 2 marginal teeth 
in the middle of mandible-length. Postmentum: Long and club-shaped; 
with a few hairs anteriorly and in middle of waist; widest at about 
anterior one-fourth; anteriorly the sides weakly narrowed; poste~iorly 
the sides strongly narrowing into a long waist and again widening out 
abruptly near posterior margin; anterior margin substraight or weakly 
convex; posterior margin medially projected. 

Thorax: Pronotum: J:?lat, subrectangular, either narrower, 'or as wide 
as head (maximum length 0.65-0.97; maximum width 1.33-1.67 mm.),; 
anterior margin concave and with a minute, median notch; sides round 
and faintly narrowed posteriorly; posterior margin convex, either, 
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Text-fig. 6.-Glyptotermes ceylonicus Ho1mgren. Soldier. Elpitiya (Ceylon). 
(a) Head and pronotum, in dorsal view; (b) Ditto, in side view; (c) Left mandible, 
in dorsal view; (d) Ditto, right mandible; (e) Postmentum, in ventral view. 
acl., antec1yPeus; ant., antenna; e., eye; Lr., labrum; it., left; mh m~, 1st and 2nd 
m'.lrginal teeth of mandibles; md., mandible; oc., ocellus; pel., postclypeus; prt., pro
notum; rt., right. 
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notched or incurved medially; antero-Iateral corners narrower than 
postero-Iateral corners. Mesonotum: Narrower than pronotum and 

_ weakly incurved at posterior margin. Metanotum: As wide as, or 
narrower than, pronotum and weakly incurved at posterior margin. 
Legs: Short and stout; apical tibial spurs 3 on each leg. Tarsi 
4-jointed. 

Abdomen: Oblong; moderately pilose. Cerci 2-jointed, 0.17-0.20 
mm. long. Styli single-jointed, 0.10 mm. long. 

3. PSEtJDOWORKER (Text-fig. 7; Table 4).-

General: Head-capsule pale yellow; antennae, labrum, body and 
legs pale straw yellow; mandibles yellowish brown with dark brown 
toothed margins. Head and body moderately hairy. Total body
length c. 8.6 mm. 

Head: Head-capsule subcircular, a little broader than long (maxi
mum width 1.50; length to base of mandibles 1.40 mm.); head sutures 
not clear. Fontanelle: Absent. Eyes: Two lateral, compound, colour
less eye-spots present, one on either side. Ocelli: Absent. Antennae: 
Broken in the specimen e~amined; only 8 segments present; segment 1 
longest, cylindrical; 2 a little shorter than 1 and cylindrical; 3 shortest; 
4-8 gradually increasing in length and broadly pyriform. Clypeus: 
Flat; trapezoidal; not clearly divided into an ante- and a pOl)tclypeus; 
with a few hairs near posterior margin. Labrum: Broadly tongue
shaped; longer than broad; with a few hairs near anterior margin and 
on body; anterior margin truncate. ,Mandibles: Of typically Glypto
termes-type. 

Thorax: Pronotum: Flat, subrectangular; wider than head-capsule; 
much wider than long (maximum length 0.90; maximum width 
1.60 mm.); anterior margin concave with a faint median notch; sides 
round; posterior margin with a broad median notch. Legs: Short and 
stout; apical tibial spurs 3 on each leg. Tarsi 4-jointed. 

Abdomen: Oblong, moderately hairy. Cerci 2-jointed, 0.17 mm. 
long. Styli single-jointed, 0.10 mm. long. 

(c) Type-specimens.-The species was described by Holmgren (191Ib) 
from a single dry imago which thus becomes the holotype; it is stated 
to be present in Vienna Museum. 

(d) Type-Locality.-Peradeniya (Ceylon). 

(e) Distribution.-The species is confined to Ceylon and has bee~ 
recorded as follows:-
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Chilaw, 7°34' N., 79°48' E.; Hewaheta; Elpitiya, 6°16' N.,80009' 
E.; Kurunegala, 7°28' N., 80°23' E.; Passara, 6°57~ N., 81 °09' E.: 
Peradeniya, 7°16' N., 80°37' E. 

(f) Comparison-Glyptotermes cf!Ylonicus Holmgren along with G. dilatatw 
(Bugn. & Popoff) can be separated from all the other Indian species 
by their larger size. G. ceylonicus is close to G. dilatatus (Bugn. & Popoff), 
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"Text-fig. 7. -GlyptOt8rTn8S ceylonicus Holmgren. Pseudoworker. Elpitiya (Ceylon) . 
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G. borneellSlS (Haviland) and C. buttelreepeni Holmg, but can be separ 
ated from them as follows:-

Fro "I (J. dilatatus 

Imagu: (i) Darkel ,VJ. paler). \ii) Sag'1ttal-suture~ distinct ,VJ 

lndistinct). (iii) Antero-lateral corners of pronotum. narrowly rou~d 
," vs. broadly rounded). 

Soldier: (i) Head-capsule thicker, stoutel and larger (length tu 
lateral base of mandibles 2.62-3.01 vs. 2.00-2.33 mm.; maximum width 
1.50-1.67 vs. 1.27-1.35 mm.). (ii) Mandibles thicker and shorter 
(length 0.90-1.00 vs. 1.03-1.13 mm.) (iii) Left mandible with two 
marginal teeth (vs. with four teeth). (iv) Labrum extending beyond 
the middle of mandibles (vs. not beyond middle). (v) Anteriorly, the 
genae with round and flat anterior margins (vs. projected in front). 
(vi) Anterior broad portion of postnlentum simple (vs. bilobed). (vii) 
Anterior margin of pronotum angularly concave (vs. roundly concave) 

2. From (j. borneenslJ' 

imagu.. (i) Antenna WIth. 13 segulents, segluent J subeq ual to ~ 
"us. with 11-12 segments, segment 3 ~horter than 2) (ii) Pronotum 
narrower than head (vs. broader) 

Soldier: (i) Head-capsule thicker and largel (length to lateral base 
of mandibles 2.62-3.01 vs. 2.32- 2.47 mm.). (ii)~ Manidibles shorter 
and thicker, with 2 marginal teeth (vs longer and thinner, with 4 mar
ginal teeth) 

1. Front G. buttet-1 eepeTl1 . 

lmago: (i) Paler and sIuallel ~,hcad WIdth 1.15-1.3U VS. 1.44-1.47 
(nnl; pronotum width 0.96-1.22 us. 1.37 mm.). (ii) Antenna with 
13 segments (vs. 11-] 2 segments~ (iii) Wings shorter (forewing length 
7.3 vs. 9.3 mm.). 

Soldier: (i) Head-capsule longer and narrower (length to base of 
mandibles 2.62-3.01 vs. 2.66 mm.; maximum width 1.50-1.67 vs. 
1.75 mm.); index Width/Length 0.56-0.60 vs. 0.66. (ii) Mandibles 
..;horter and thicker (vs. comparatively longer and thinner). 

~. Glyptoterllles coorgensis Holnlgren & Holnlgre11 

:Text-figs. 8-10: Tables 2-41 

(i) Caloterme~ (Glyptotermes) coorgensis H. & H. 

1917, K. Holmgren and N. Holmgren, Alem. Dep. Agric. india, Calcutta. 5 (3) . 
139-140, 1 fig. (S. mandibl~s). S. Type-lacality: Sidapur, Coorg (Mysor~ 
State, India) 
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1934, V. Margabandhu, J~ Bombay nat. Hist. &le., Bombay, 37(3): 702. (ndia. 
Sidapur (Coorg, Mysore State) 

(ii) GljptotermeJ coorgensis H. & H 

·t'949. T. E. Snyder~ Smiths. misc. Coli., W ash illgton, 112, 4~ lndla. 

1958. G. D. Bhasin, M. L. Roonwal and S. Singh, Indian For. Bull. (Ent.), (N.S. j 
Delhi, No. 171 (2): 99. 

1958. M. Ahmad, Biologia, Lahore, 4: (1 & 2): 52. Keys. 
1961. K. Krishna, Bull. Amer. Mus. nat. Hist., New York, 122, (Art. 4): 347 
1962. R. N. Mathur and R. S. Thapa, Indian For. Leafl. (Ent.), Delhi, No. 167 

10. India: Sidapur (Coorg, Mysore State) 

(iii) Ka.lotermes (Glyptotermes) coorgensis H. & H 

1953. Rattan Lal and Menon, R. D .• Cat. Indian Insects, Part 27, lsoptna, p. 13 
India: Sidapur (Coorg, Mysore State) 

\. a) Material EXamined 

Present zn Z.S.I., G'atcutta.. (i) A VIal with ~ Inlagos ~dealate), ~ 
~oldiers and several pseudoworkers, Anekad Forest Range, Coorg 
(MY30re State, India), colI. O. B. Ckkotani, 2 1. xi. 1962, ex "dead 'portion 
of a Ficus religiosa Linn. tree" 

(ii) A vial with 5 soldiers, and several pseudoworkers and nymph~) 
ex "'dead log of an unknown wood lying on ground"; other data as in 
(i) above. 

(iii) A vial with a soldier and several pseudoworkers, Z.S.I. Call 
Sta. No. 13, Janserigoda, Bababudin Hills (Chickmagalur District, 
Mysore State, India), colI. 0, B. Chhotani, 12.xi.19621 ex "a dead silver 
oak tree" 

b) DescnptzotJ. 

IMAGO (Text-figs. 8 & 9; Table 2). 

The hitherto unknown imago caste of this species IS described here 
for the first time. 

General: Head-capsule dark castaneous brown; thorax, wing-scales 
and abdomen a litde paler; abdominal sternites paler than targites, 
basal 4 sternites yellowish medially; labrum and legs brownish; antennae 
a little darker than labrum and legs; antennal segments paler distally; 
mandibles brownish, with dar~. brown toothed margins. Head and 
body fairly pilose with short and long hairs. Total body-length without 
wings c. 4.2-4.6 mm. 

Head: Head-capsule subsquarish; as wide as or slightly wider than 
length· to base' of mandibles; -maximum width with 'eyes 0.87-0.93; 
length to base of mandibles 0.87-0.90 mm.; sides substraight; posterior 
margin rouncl; Y -suture present Fontanelle • Absent. Eyes.. Two 
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lateral,. oval, black, facetted eyes~ one on either side; maximum dia
meter 0.25; minimum diameter 0.20-0.21 mm.; separated from the 
lower margin of head-capsule by a distance of 0.15 mm. Ocelli: Two 
small, oval, translucent ocelli one on either side, and touching the eye 
of its side; directed vertically when viewed laterally. Diameter: 
maximum 0.07~ minimum 0.05 mm. Antennae: Incomplete in both 

1 mm. 

T("xt-fig. B.-G{}'ptotermes coorgensls Holmgre-n and Holmgren. 

Specim~ns from Anekad Forest Range. Coorg (Mysore State, India). 

(a) Imago (deal(\te-), in dorsal view. (b) Soldier, in dorsal view. 
(c) Pseudoworker, in dorsal view. 

,., eye; 0&., ocellul 
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examples (maxifnum 9 segments present); segments 1 and 2 sparsely, 
and the remainder fairly, pilose; segment 1 longest, cylindrical; 2 about 
half of I in length and cylindrical; 3 slightly shorter than 2; 4 onwards 
gradually increasing in size and pyriform. Clypeus: Subtrapezoidal; 
indistinctly divided into an ante- and a postclypeus. Anteclypeus 
apilose; anterior margin weakly projected in front medially. Postclypeus 
with a few hairs near posterior margin; anterior margin weakly convex. 
Labrum. Broader than long; with a few hairs near anterior margin and 
on body · Mandibles: Of typically Glyptotermes-type. Left mandible 
with an apical and two marginal teeth; apical finger-like; 1st marginal 
shorter than apical; 2nd subequal to 1st; posterior margin of 1st and 
anterior margin of 2nd subequal. Right mandible also with an apical 
and 2 marginal teeth; apical as in left mandible; 1st marginal short 
and triangular; 2nd shorter than 1 stand wi th a long posterior 
mat:gin. 

Thorax: Pronotum: Subrectangular; anterior region paler; narrower 
than head with eyes; much broader than long (maximum length 0.57; 
maximum width 0.80-0.83 mm.); antero-Iateral corners narrower than 
postero-Iateral ones; anterior margin weakly concave; margin of sides 
weakly convex; posterior margin substraight. Mesonotum and metanotum: 
Weakly incurved at posterior margin. Legs: Short, hairy; apical tibial 
spur formula 3: 3: 3. Tarsi 4-jointed; an arolium present between 
claws. Wing-scales: Forewing scale large, shield-like, 0.77-0.80 mm. 
long. Hindwing scales short, triangular, and completely covered by 
forewing scales; 0.33 mm. long. 

Abdomen: Oblong; hairy,- with a few long and many short hairs 
near posterior margin of each tergum, and a few long hairs anteriorly. 
Cerci 2-jointed, c. 0.10 mm. long, hairy. Styli present in male, minute,_ 
one-jointed, 0.07 mm. long. 

2. SOLDIER (Text-figs. 8 & 10; Table 3).-

General: Head-capsule reddish yellow; anteriorly reddish brown, 
posteriorly somewhat paler; mandibles blackish brown; antennae 
yellow to pale brown; labrum pale brown; thorax and abdomen 
creamish yellow to pale brown or pale reddish yellow, pronotum some
what darker; legs yellow; last abdominal tergite weakly to strongly 
more chitinised than the preceeding ones. Head and body sparsely 
pilose. Total body-length c. 4.2-6.0 mm. 

Head: Head-capsule subrectangular; longer than broad; length 
to lateral base of mandibles 1.29-1.70; maximum width 0.99.:...1.20 mm. 
frons bilobed, sloping in front at an angle of c. 45° and depressed m<:di~lly; 
sides substraight; posterior margin round; Y -sutures present, distInct; 
antero-Iateral corners of head-capsule sharply projected in front near 
the base of mandibles. Fontanelle: Absent. Eyes: Two lateral, oval, 
unpigmented eye-spots present, c. 0.08-0.13 mm. long. Ocelli: Two 
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lateral, minute, dot-like ocelli present, one on either side at the end of 
lateral arms of Y -suture. Antennae: With 9-11 segments; segments 1 
and 2 sparsely, and the remainder fairly, pilose; segment 1 longest, 
cylindrical; 2 about half of 1 and cylindrical; 3 variable, either shortest 
or subequal to or longer than 2, sometimes subdivided into two; 4 to 
the penultimate one gradually increasing in size and pyriform; the last 
ovate, shorter and narrower than the penultimate one. Clypeus: Sub
trapezoidal; divided into an ante- and a postclypeus. Anteclypeus 
pale brown, apilose, strip-like; either very short or as long as post
clypeus. Postclypeus of same colour as frons, and pilose; separated 

ant._ 
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Text-fig. 9.-Glyptotermes coorgensis Holmgren and Holmgren. Imago. Anekad Forest 
Range, Coorg (Mysore State, India). 

(a) Head and pronotum, in dorsal view. (b) Ditto, in side view. 
(e) Left mandible, in dorsal view. (d) Ditto, right mandible. 

atl., antec1ypeus; ant., antenna; ap.t., apical tooth of mandibles; e., eye; 
lr., labrum; It., left; mh m2, 1 st and 2nd marginal teeth of mandibles; 
md., mandible; OC., ocellus; pel., postclypeus; prt., pronotum; rt., right. 

b 

d 
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from frons by a thin groove. Labrum: Broadly tongue-shaped; wider 
than long; anterior margin truncated or weakly rounded; with several 
hairs near tip and a few on body. Mandibles: Thick and short; shorter 

\ " 

a 

1 mm. 

,," 
" 

.,prt. 

b 
I mm. , 

c 

Text-fig. lO.-Glyptotermes coorgfmsis Holmgren and Holmgren. 
Soldier. Anekad Forest Range, Coorg (Mysore State, India). 
(a) Hea.d and pronotum, in dorsal view. (b) Ditto, in side view. 
(c) Postmentum, in ventral view. 
ad., anteclypeus; ant., antenna; e., eye; lr., labrum; md., mandible; 
DC., ocellus; pel., postclypeus; prt., pronotum. 
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than half the length of head to ba.s~ of mandibles; outer margin concave 
in basal third and with a weak to prominent hump further down. Left 
mandible with 3 marginal teeth; 1st and 2nd marginals close together; 
3rd widely separated and larger; margin between- the 2nd and 3rd in
curved and notched. Right mandible ,with two small marginal teeth 
in middle third. Postmentum: Long" club-shaped; maximum width at 
about distal one-third; wt;list long; anterior margin s~bstraight to weakly 
convex; posterior ~argin concave, medially convexly projected. 

Tliorax: Pronotum: Transversely subrectangular; narrower than 
head-capsule; much wider than long; maximum length 0.46-0.60; 
maximum width 0.87-1.06 mm:; anterjor margin concave; sides weakly 
convex and narrowing posteriorly; posterior margin weakly convex, 
sometime slightly incurved medially; antero-Iateral corners narrower 
than postero-Iateral comers. Mesonotum: Slightly narrower than 
pronotum; posterior margin weakly incurved medially. Metanot'!Jm: 
As wide as pronotum; posterior margin weakly invaginated. Epimerson 
of meso- and metanota swollen. Legs: Short, hairy; apical tibial spur 
formula 3: 3: 3. Tarsi 4-jointed. 

Abdomen': Oblong; hairy; 10th tergite slightly to somewhat strongly, 
sclerotised. Cerci short, 2-segmented; 0.08-0.10 rom. long. Styli 
single-segmented, short, finger-like; 0.07 mm. long; sometimes abesent. 

3. PSEUDOWORKER (Text-fig. '8; Table 4).-

General : Head-capsule pale yellow to pale reddish yellow; antennae 
and legs paler than head; labrum, pale brown; mandibles brownish 
yellow with dark brown toothed margins; thorax creamish white to pale 
brown, pronotum slightly more chitinised; abdomen creamish white 
but appearing pale pink to pale grey because of intestinal contents 
showing through the partly' transparent tergites. and sternites. Head 
and body fairly pilose. Total body-length c. 4.9-6.2 mm. 

Head: Head-capsule sub circular ; either as wide as or slightly wider 
than its length to base of mandibles .(length upto base of mandibles 
0.90-1.07; maximum width of head 0.93-1.10 mm.). Fontanelle and 
Ocelli: Absent. Eyes: Two lateral, unpigmented eyes present; some
times not discernible. Antennae: With 10-11 segments; segments 1 and 
2 as in soldier; 3 in 10 segmented antennae subequal to 2 and some
times subdivided, in 11 segmented antennae shortest; 4- to the penulti
mate one gradually increasing in size and broadly pyriform; the last 
ovate, narrower and shorter than the penultimate one. Ciypeus, labrum 
and mandibles: As in imago. 

Thorax: Pronotum: Subrectangular; broader than long (maximum 
length 0.53-0.70; maximum width 0.83-1.00 mm.); narrower than 
head; anterior margin concave; sides weakly ~onvex and narrowed 
posteriorly; hind margin weakly convex and slightly incurved medially. 
Legs: As in soldier. 
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Abdo.men: Oblong; fa;irly pilose. Cerci 2-jointed, 0.10-0.13 mm. 
long. Styli single-jointed, short and finger~like; c. 0.07-0.10 mm. 
long. 

(c) Type-specimens.-No holotype was selected by Holmgren and 
Holmgren (191 7). The cotypes are present as follows: 

(i) One soldier and several nymphs in Emerson Collection, now 
at A.M.N.H., New York. (ii) One pseudoworker, in F.R.I., Dehra 
Dun. 

No cotypes apparently are present in the I-Iolmgren Collection at the 
Naturhistoriska Riksmuseet, Stockholm (vide information received 
dated the 28th April, 1965 from that Muse~m, but they may still be 
found if the Holmgren Collection, which ,vas poorly labelled by Holm
gren, is examined in detail. 

(d) Type-[ocality.-Sidapur, Coorg (Mysore State, India). 

(e) Distribution.-INDIA: Mysore State: Anekad Forest Range, 
Coorg, c. 12°20' N., 75°50' E.; Janserigoda (Bababudin Hills, Chick
magalur Dist.), 13°30' N., 75°45' E. and Sidapur (type-locality), 
12°15' N., 75°50' E. 

(f) Comparison.-Glyptotermes coorgensis is close to G. alm.orensis Gardner, 
C. brevicaudatus (Haviland) and C. minutus Kemner, and is separable 
from these species as follows:-

1. From G. almorensis: 

See under that species. 

2. From G. hrevicaudatus: 

Imago: (i) Smaller in size and darker in colour vs. larger and 
paler (head-width 0.87-0.93 vs. 1.0-1.03 mm.; length to tip of labrum 
1.07 vs. 1.22-1.29 mnl.; pronotal width 0.80-0.83 vs. 0.91 mm.). (ii) 
Ocelli smaller, diameter: maximum 0.07 vs. 0.10 mm.; minimum 0.05 
vs. 0.07 mm.). 

Soldier: Soldier of one size-category (vs. of two categories, e.g. 
major and minor) ; C. coorgensis is close to the minor soldier of brevicaudatus 
but differs from it as fo11o\'\1s :-(i) Left mandible with 3 prominent 
teeth (vs. with weak dentition). (ii) Margin between teeth of left 
mandible notched (vs. roundly concave). (iii) Right mandible with 
2 teeth (vs. one tooth). 

3. From G. minutus: 

Imago: Somewhat larger (head-width with eyes 0.87-0.93 vs. 0.85; 
head-length to tip of labrum 1.07 vs. 0.99; length to base of mandibles 
0.87-0.90 vs. 0.80; pronotal \vidth 0.80-0.83 vs. 0.73 mm.). (ii) Sides 
of head-capsule without eyes substraight (vs. weakly convex and narrow
ed behind). (iii) Ocelli smaller and vertically directed when viewed 
laterally (vs. larger and directed antero-1aterally (diameter: maximum 
0.07 vs. 0.09, minimum 0.05 vs. 0.07 mm.). 
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Soldier: (i) Antero-Iateral corners of head-capsule pointed in front 
(vs. rounded). (ii) Head-capsule wider absolutely" and in comparison 
to length to base of mandibles (maximum width 0.99-1.20 vs. 0.90 mm.; 
index Width/Length to base of mandibles 0.65-0.75 vs. 0.60). (iii) 
Mandibles thicker apically and with different dentition. (iv) Post
mentum behind the region of maximum width gradually narrowing 
vs. sharply narrowing and less contracted at waist (Contraction Index, 
Width at waist/Maximum width, 0.48-0.62 vs. 0.46). 

4. GlyptoterlDes dilatatus (Bugnion & Popoff) 

(Text-figs. 11 & 12; Tables 5-7) 

(i) Calotermes dilatatus Bugnion & Popoff 

1910. E. Bugnion and N. Popoff, Mem. Soc. Zool. Fr., Paris, 23 : 137-143, text-fig. 
13 (S.), pI. 4, S., Ny. and Larva. Type-locality: Ambalangoda (Ceylon). 

1911. N. Holmgren, Zool. Anz., Leipzig, 37 (26): 551. 
1922. E. Hegh, Les Termites, Brussels: 46, 48. Ceylon. 
1926. N. A. Kemner, Bull. ent. Res., London, 16 : 383-384. 1m. and S. Ceylon: 

Ambalangoda; Elpitiya; Ingiriya; and Ratnapura. 
1926. F. P. jepson, Trop. Agric., Peradeniya, 67 : 73, 77, 78, 2 pIs. 
1929. F. P. jepson, Trop. Agric., Peradeniya, 72 : 308-310. 

(ii) Calotermes (Glyptotermes) dilatatus (Bugnion & Popoff) 

1911. N. Holmgren, K. Sv. Vet. Akad. Handl., Stockholm, 46 (6): 56, pI. 4, fig. 22 (S.). 
1913a. N. Holmgren, Spolia Z~lan., Colombo, 8 (32): 278. Im._Ceylon : Peradeniya. 
1913b. N. Hohngren, K. Sv. Vet. Akad. Handl., Stockholm, 50 (2): 56-57, fig. 11 

(S. mandibles), pI. I, fig. 10 (S.). 1m. (dealate), S. and Pw. Ceylon. 
1913. E. E. Green, Spolia Z~lin., Colombo, 9 (33): 8. Ceylon: Ambalangoda; 

Avisawella; Kegalla; Ratanapura; and Udugama. 
1914. N. Holmgren, Zool. Jb. (Syst.) , jena, 36 (2 .. 3): 234-235. 1m. and S. Ceylon: 

Peradeniya. 
1914. E. Bug nion , Bull. Hist. nat. Paris, Paris, 20 (4): 176-177, pI. 4, figs. 1-4. 

Ceylon: Ambalangoda. 
1925. o. john, Treubia, Batavia, 6 (3 .. 4): 380. Ceylon. 
1930a. F. P. jepson, Trop. Agric., Peradeniya, 75 (3 & 4), pp. 144-147, 155, 3 pIs. 

Ceylon: Ambalangoda; Avis~awella; Balangoda, Chilaw; Deniyaya; Elpitiya; 
Galaba; Galle; Gampola; Horana; Ingiriya; Kadugannawa; Katugastota; 
Kegalle; Kiriella; Matugama; Opanake; Pelmadulla; Peradeniya; Ratna
pura; Udugama; Yatiyantota. 

1930b. F. P. jepson, Trop. Agric., Peradeniya, 75 (3 & 4): 191-195. Ceylon: Kandy 
District, but mainly in low country districts. 

1934. V. Margabandhu,]. Bombay nat. Hist. Soc., Bombay, 37 (3): 702. 

(iii) Glyptotermes dilatatus (Bugnion & Popoff) 

1932. j. C. Hutson, Adm. Rep. Dir. .{1gric. Ctylon, Colombo, 1931: 114-115. 
Ceylon: Galle and Yatiy~tota Districts. 

1937. S. F. Light,Pan .. Pacijic.Ent., San Francisco, 13 (1 & 2): 15, 16-17. Peradeniya 
(Ceylon). 

1941. H. Kirby, Univ. Calif. Publ. (Zool.), Berkeley, 45 (1): 33, 66. Ceylon. 
Protozoa. 

1941. M. P. D. Pinto, Indian]. Ent., New Delhi, 3 (1): 87. Ceylon: Ambalangoda; 
Kelani Valley. 

1942. H. Kirby, Univ. Calif. Publ. (Zool.), Berkeley, 45 (3): 182, 191. Ceylon. 
Protozoa. 
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1949. T.· E. Snyder, Smiths. misc. Coli., Washington, 112 : 47. Ceylon. 
1953. M. L. Roonwal and G. D. Pant,. Indian For. Leafl. (Ent.), Delhi, No. 121 (3): 

44. Ceylon. 

1958. ~1. Ahmad, Bi()llJgia, Lahore, 4 (1-~?): 49, 51. Keys. 
1958. G. D. Bhasin, M. L. Roonwal and B. Singh, Indian For. Bull. (Ent.), Delhi, 

(N.S.), No. 171 (2): 63, 95, 99. 
1961. K. Krishna, Bull. Amer. Mus. nat. Hist., New York, 122, (Art. 4): 347. 
1962. R. N. Mathur and R. S. Thapa, Indian For. Leafl. (Ent.), Delhi, No. 167: 10. 

Ceylon: Peradeniya. 

(iv) Kalotermes (Glyptotermes) dilatatus (Bugnion & Popoff) 

1953. Rattan Lal and Menon, R. D., Cat. Indian Insects, Part 27, Isoptera: 13-14. 
Ceylon. India: Madras. * [Authorship wrongly assigned to Bugnion. 
Also see this for more references on biology of the species]. 

(a) Material Examined 

(A) Present in <,.S.I., Calcutta: (i) A vial (Z.S.I. Reg. No. 3741/19) 
with a soldier and a few nymphs and pseudoworkers, Ambalangoda 
(Ceylon), donor E. E. Green. (ii) A vial, Z.S.I. Reg. No. 4130/19 with a 
pseudoworker, Ambalangoda, Ceylon. 

(B) Present in F.R.I., Dehra Dun: (iii) A vial (F.R.I. Nos. M.C. 
17444/2, T 3431, J. 115) with 3 imagos, 3 soldiers and a few nymphs 
and pseudoworkers, Ceylon. (iv) A slide with wings, from the .above 
material. 

( b) Description 

1. IMAGO (Text-fig. 11; Table 5).-

General: Head-capsule brownish yellow; antennae, labrum, legs 
and body paler; mandibles brown with ~ark brown toothed margins. 
Head and body sparsely pilose. Total body-length with wings. c. 10.0-
10.5 mm., 'without wings c. 4.3-6.0 mm. 

Head: Head-capsule sub circular ; broader than its length to base 
of mandibles (maximum width with eyes 1.03-1.32; length to base of 
mandibles 1.0-1.1 7 mm.); sides without eyes weakly convex, strongly 
rounded at postero-Iateral comers; posterior margin "round. Fontanelle: 
Absent. Eyes: Two lateral, subcircular, medium-sized, compound 
eyes, one on either side; diameter: maximum 0.30-0.40, minimum 
0.24-0.37 mm., separated from lower margin of head by about half its 
short diameter (two-thirds its short diameter according to Light, 1937). 
Ocelli: Two lateral, oval, translucent ocelli, one on either side, only 
slightly separateq from or touching th~ eye of its side; diameter: maxi-

* Recorded from Madras on the basiF of a pap<;r by Rau, S. A. 1936. (Rep. Tea 
Dep. U.P.A.S./., 1935-36, Madras, pp. 35-45), but Rau refers, in this paper, "to an un-
described' species near G. dilatatus. " 

18 
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mum 0.13-0.15, minimum 0.10 mm., minimum eye-ocellus distance 
(when separated) 0.03 mm. Antennae: With 13-15 segments; sparsely 
pilose; segment 1 longest, cylindrical; 2 short, cylindrical; 3 longer 
than or equal to either 2 or 4 (in an incomplete antenna 3 shorter than 
2 or 4); 4 to the penultimate one pyriform and gradually increasing 
in size; the last ovate, shorter than the penultimate one. Clypeus: 
Subtrapezoidal. Anteclypeus hyaline, strip-like, apilose; anterior 
margin straight. Postclypeus pale yellow with I or 2 hairs near posterior 

TABLE 5.-Measurements (in mm.) -of Glyptotermes dila(atus (Bugnion & Popoff) and 
G. minutus Kemner. Imago. 

ex., examples. 

Body-parts 

1. Total body-length without wings, (excluding 
antennae), c. 

2. Length of head to tip of labrum 
3. Length of head to lateral base of mandibles 
4 .. Maximum width of head (with eyes) 
5. Maximum height of head 
6. Maximum length of labrum 
7. Maximum width of labrum 
8. Maximum diameter of compound eye (with 

ocular scleri te ) 
9. Maximum diameter of lateral ocellus 

10. Minimum diameter of lateral ocellus 
11. Minimum ocellus-anternal distance 
12. Minimum eye-ocellus distance 
13. Minimum eye-antennal distance 

14. Minimum distance of eye from lateral base of 
head 

15. Maximum length of pronotum 
16. Maximum width of pro no tum 
17. Length of forewing scale 

18. Length of hindwing scale 

G. dilatatus 
Range (2 ex.) 

4.3 -4.7 
1.23-1.40 
1.00-1.17 
1.03-1.20 
0.67-0 .. 77 

0.30 
0.37-0.43 

0.37-0.40 
0.13 

(1 ex.) 
0.10 

0.20-0.23 
0.02 
0.03 

(1 ex.) 

0.13-0.17 
0.70 

1.00-1.13 
0.80 

(1 ex.) 
0.33 

6. minutus 
(fle~., Lecto
morphotype) 

0.99 
0.&0 
0.85 
·0.47 
0.20 
0.29 

0.25 
0.09 

0.07 
0.15 

touching 
0.015 

0.13 
0.49 
0.73 
0.66 

0.27 

margin; anterior margin weakly convex. Labrum.' Broader than long; 
anterior margin round; with a few hairs anteriorly. Mandibles: Subs
quarish. Left mandible with an apical and 2 marginal teeth; apical 
finger-like; 1st marginal shorter than apical; posterior margin of 1st 
margin~l subequa.l to anteri?r margi~ of 2nd marginal; 2nd equal to 
1st. ~Ight mandIble also WIth an apIcal and 2 marginal teeth; apical 
finger-hke; 1st marginal triangular and only slightly shorter than apical; 
2nd marginal short, posterior margin a little longer than molar plate. 
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Thorax: Pronotum: Narrower than or as wide as head -with eyes; 
much broader than long (maximum length 0.59-0.70, maximum width 
1.0-1.32 mm.); anterior margin concave, without a median notch; 
sides weakly convex; posterior margin also weakly convex and without 
a median emargination or incurving. Mesonotum and metanotum: With 
weakly convex to substraight posterior margin. Legs: Short, thick and 
pilose; apical tibial spur formula 3: 3: 3. Tarsi 4-jointed. Arolium 
present. 

Wings: Costa, subcosta, radius, radial sector and median pro
minent and strongly chitinised; cubitus weakly chitinised and faint, 
proximally somewhat more chitinised and distinct. Forewing: All 
veins arising independently from the scale. Costa running along 
anterior margin up to distal end and with a row of hairs along the 
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Text-fi~. 11.-G!Jptotermes dilatatus (Bugnion & Popoff). 

Imago. From Ceylon. 
(b) Ditto, in side view; 
right mandible. 

(a) Head and pronotum, in dorsal view; 
(c) Left mandible, in dors3.1 view; (d) Ditto, 

acl. anteclypeus; aht., antenna; ap.t., apical tooth of mandibles; e., eye; 
Lr., 'labrum; it., left; ml, m2, 1st and 2nd marginal t("eth of man~iJI("s; 
md .• mandible; oc., ocellus; pel., postclypeus; prt., pronotum; rt., rIght. 

d 
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margin. Sub costa short and fusing with costa just outside the scale. 
Radius also short and meeting the costa between one-fifth to one-third 
of wing-membrane. Radi!ll sector running all along upto d.!-stal t.ip 
and parallel with. costa; WIt~out any bra~ches to latter.. Median arIS
ing separately, sl.lghtly curvIng ~p anterl~rly and. runnIn~ parallel.to 
and close to radIal sector. CubItus runnIng medially; WIth only 3-4 
proximal branches prominent, others not clear in the material examined 
by me (according to Kemner (1926), with numerous but rather vague 
branches); and with a few faint cross-veins between median and cubitus 
in distal half of wing-membrane. Hindwing: Costa and radial sector 
as in forewing; subcosta absent. Radius as in forewing but f~sing 
with costa at about one-seventh of wing-me1Jlbrane. Median ari&ing 
from radial sector near the point of fusion of radius and costa (in basal 
one-eighth, according to Light, 1937) and running parallel with and 
close to radial sector upto the distal tip. Cubitus as in forewing. 

Abdomen: Oblong, sparsely pilose. Cerci 2-jointed, 0.10 mm, 
long. Styli (in male) short; single-jointed, 0.10 mm, long. 

2. SOLDIER (Text-fig. 12; Table 6).-

General.' Head-capsule yellowi~h brown to brqwnish red, ant~riorly 
somewhat darker; labrum, thorax aJ;ld body straw yellow to yellowish 
brown; mandibles black, basally.dark brown. Head and body sparsely 
pilose. Total body-length 5.9-8.0 mm. 

Head.' Head-capsule cylindrical, much longer than broad (length 
to lateral base of mandibles 2.0-2.33; maximum width 1.27-1.37 mm,); 
frons slopi~g in front, bilobed and depressed medially; with 2 pro
minent protuberances, one on either side situated at base of the sloping 
frons; sides substraight; posterior margin round; Y -sutures present. 
Eyes.' Two small, oval, unpigmented eyes, one on either side; flush 
with head-surface and faint; situated a little behind the antennal sockets; 
maximum diameter 0.13 mm. Ocelli.' Two small, point-like, one on 
either side, near the end of lateral sutures. Antennae: With 11-13 
segments; sparsely pilose; segment 1 longest, cylindrical and strongly 
chitinised; 2 shorter and cylindrical; 3 slightly longer or shorter than 2; 
4 to the penultimate one pyriform 'a~d gradually increasing in length; 
the last ovate, shorter than the penultimate one. Clypeus ,e Divided into 
an ante- and a postclypeus. Anteclypeus thin, strip-like, apilose. 
Postclypeus of same colour as frons and not clearly differentiated from 
it, weakly pilose. Labrum: Broadly tongue-shaped to dome-shaped; 
either longer or shorter than wide. Mandibles: Long and strong. 
Left mandible with 4 marginal teeth of variable size, Right mandible 
with 2 large, medial marginal teeth. Postmentum.· Long and club-shaped; 
club weakly bilobed; broadest at about anterior one-fifth; sides gra
dually narrowing behind into a long narrow waist and again widening 
out a little near posterior margin; posterior margin medially bulged. 

Thorax: Pronotum: Flat, narrower to wider than head-capsule and 
much wider than long (maximum width 1.10-1.41; maximum length 
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TABLE 6.-Measurements (in mm.) etc., of Glyptotermes dilafatus (Bugnion & Popoff); 
G. minutus Kemner and G. nigrifrons Mathur and Sen-Sarma. Soldier. 

ex., examples. 

Body-parts 

1. Total body-length (excluding anten
nea) c. 

2. Length of head to l~teral base of 
mandibles 

3. Maximum width of head 

4. Maximum height of head 

5. Head Index: I (width /length) 

6. Head Index II (height/width) 

7' Head Index: III (height/length) 

8 .. Maximum length of labrum 

9. Maxi;mum width of 1abrum 

10. Length of mandibles (from upper base 
of condyle to tip): 
(a) Left mandible 
(b) Right mandible 

11. Head-mandibular length Index: (Left 
mandible-Iength/Head-Iength to 
base of mandibles) 

12. Minimu;m median length of post
JIlentum 

13. Maximum width of postmentum 

14. Width of postmentum at anterior 
end 

15. Width of postmen tum at waist 

16. Postmentum-contraction Index (i.e., 
Width at base/Maximum width) 

17. Maximum length of pronotum 

18. Maximum width of pronotum 

19. Pronotum-head Index (pronotum
width/Head-width) 

20. Pronotum Index (length/width) 

21. Maximum width of mesonotum 

22. Maximum width of meta no tum 

G. dilatatus 
Range (4 ex.) 

6.7 
(1 ex.) 

2.03-2.33 

1.30-1.37 

1.10-1.20 

0.59-0.64 

0.83-0.90 

0.50- 0.57 

0.20-0.37 

0.33-0.37 

1.03-1.13 
1.07-1.13 

0.47-0.50 

1.50-1.60 

0.40-0.50 

0.30-0.37 

0.20-0.23 

0.46-0.50 

0.73-0.77 
(3 e~.) 

1.17-1.23 
(3 ex.) 

0.85-G.94 
(3 ex.) 

u.61-("62 
(3 ex.) 

1.10-·1.13 
(2 ex.) 

1.( 3 ____ 1. 13 
(2 ex.) 

G. minutus 
Uectotype 

5.07 

1.50 

0.90 

0.83 

0.60 

0.92 

0.55 

0.17 

0.23 

0.63 
0.58 

0.42 

1.07 

0.37 

0.23 

0.17 

0.46 

0.60 

0.93 

1.03 

0.64 

0.87 

0.93 

G. nigrifronns 
Range (2 ex., 
paratype) 

4.7 -6.6 

1.43-1.50 

1.00-1.03 

0.80-0.87 

0.69-0.70 

0.80-0.84 

0.56-0.58 

0.21-0.25 

0.27-0.30 

0.70 
0.70 

0.47-0.49 

0.90-1.07 

0.37-0.40 

0.27 

0.20 

0.50-0.54 

0.50-0.57 

0.87-1.00 

0.87-0.97 

0.57 

0.77-(;.83 

0.80-0.87 

m 
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0.65-0.77 mm.); anterior margin concave, without a median notch; 
sides rounded and a little narrowed behind; posterior margin convex, 
without a nqtch. Mesonotum and metanotum: Narrower than pronotum 
and without median emargination at posterior margin. Legs: Short, 
pilose; apical tibial spur formula 3: 3: 3. Tarsi 4-jointed. 

Abdomen: Oblong, sparsely pilose. Cerci 2-jointed, 0.13 mm. long. 
Styli I-jointed, 0.10 mm. long. 

ant. 
prt. 

I 
I 
• 

pcl. 

ant. 
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1 mm. 
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Text-fig. 12.-G(yptotelmes dilatatus (Bugnion & Popoff). 

Soldier. Ambalangoda, Ceylon. 

(a) Head and pronotum, in dorsal vie\\-. (b) Di tto, in side vie\v. 
(c) Left mandible, in dorsal view. (d) Ditto, right mandible. 
(e) Postmentum, in veptral view. 

acl., anteclypeus; ant., antenna; e., eye; !r., labrum; It., left; ml -m4, 1st 
to 4th marginal teeth of mandibles; md., mandible; oe., ocellus; 
pel., postclypeus; prt., pronotum? rt., right, . 
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3. PSEUDOWORKER (Table 7).-

149 

General: Head-capsule straw yellow; antennae, thorax, legs and 
abdomen paler; mandibles yellowish with dark brown toothed margins. 
Head and body sparsely pilose. Total body-length 4.0-5.8 mm. 

TABLE 7.-Measurements (in mm.) of Pseudoworker of Glyptotermes dilatatus 
(Bugnion & Popoff) and nymph of G. mi"utus Kemner. 

ex., examples. 

Body-parts 

1. Total body-length (excluding antennae) c. 

2. Length of head to tip of labrum 

3. Length of head to lat('ral base of mandibles 

4. Maximum width of head 

5. Maximum height of head 

6. Maximum length of labrum 

7. Maximum width of labrum 

8. Maximum length of pronotum 

9. Maximum width of pronotum 

G. dilatatus 
Range (4 ex.) 

5.2 -5.8 
(3 ex.) 

1.40-1.50 

1.03-1.17 

1.10-1.23 

0.70-0.77 

0.30-0.40 

0.40-0.50 

0.60-0.70 

1.23-1.40 

G. minutus 
(1 ex.) 

4.0 

0.93 

0.73 

0.77 

0.20 

0.23 

0.43 

0.67 

Head: Head-capsule subcircular; wider than its length to base of 
mandibles (maximum width 1.10-1.23 (0.65 vide Holmgren 1913), 
length to lateral base of mandibles 1.03-1.17 mm.); ~ide convex and 
posterior margin rounded. Fontanelle and Ocelli : Absent. Eyes: Two 
lateral, oval to round eyes; flush with head-surface and of almost the 
same colour as head. Antennae: With 11-12 segments; sparsely pilose; 
segment 1 longest cylindrical; 2 short, cylindrical; 3 in II-segmented 
antenna slightly longer than 2, in 12-segmented one, short; 4 to the 
penultimate one gradually increasing in length and pyriform; the last 
ovate, shorter and narrower than the penultimate one. Clypeus, labrum 
and mandibles: As in imago. 

Thorax: Pronotum: Flat; wider than head-capsule; much broader 
than long (maximum width 1.23-1.44; maximum length 0.60-0.70 mm.); 
anterior margin concave; posterior margin weakly convex. Legs: As 
in soldier. 

Abdomen: Oblong, sparsely pilose; cerci 2-jointed, 0.15 mm. long. 
Styli single-jointed, finger-like, 0.13 mm. long. 

(c) Type-specimens.-The repository of types not known. 

(d) Type-locality.-Ambalangoda (Ceylon). 

(e) Distribution.-Ceylon: Ambalangoda, 6°14' N., 80°03' E. (type 
locality); Avissawella, 6°57' N., 80°13' E.; Balangoda, 6°38' N., 
80°41' E.; Chilaw, 7"34' N., 79°48' E.; Deniyaya, 6;)20' N., 80°34' E.; 
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Elpitiya, 6"16' N., 80°09' E.; Galaha, 7°12' N., 80°40' E., Galle, 
6°01' N., 80°13' E.; Gampola, 7.°10' N., 80°34' E.; Horana, 6°42' N., 
80°04' E.; Ingiriya, 6°45' N., 80°10' E.; Kadduganawa, 7°15' N., 
80°32' E.; Kandy District; Katugastota; Kegalla, 7°14' N., 80012~ E.; 
Kelani Valley; Kiriella; Matugama,6°32* ,N., 80°06' E.; Opanake, 
6°37' N., 80°38' E.; Pelmadulla, 6°37' N., 80°33' E.; Peradeniya, 
7°16' N., 80°37' E.; Ratnapura, 6°41' N., 80°25' E.; Udugama, 6°13' N., 
80°20' E.; and Yatiyantota, 7°03' N., 80 r 18' E. 

(f) Comparison.-Glyptotermes dilatatus is closest to .G. ceylonicus Holm
gren. For differences see under the latter species, supra. 

From the .other Indian forms it is separable by its larger size and 
by the presence of the two prominent protuberances lying at bas~ of 
the sloping frons. 

5. Glyptoterm.es minutus Kemner 

(Text-figs. 13 & 1_4; Tables 5 & 6) 

(i) Galotermes (Glyptotermes) minutus Kemner (MS ~ame). 

1930. F. P. Jepson, Tech. Rep. Dep. Agric. Ceylon, 1929: 6. 

(ii) Glyptotermes minutus Kemner 

1932. N. A. Kemner, Ent. Tidskr., Stockholm, 53: 149-150. 1m. and S. Type
locality: Ceylon. (Also see remarks under "Type-locality" below). Types 
examined. 

1941. M. P. D. Pinto, Indian]. Ent., New Delhi, 3 (1): 87-88. Peradeniya (Ceylon). 
1941. H. Kirby, Univ. Calif. Publ. (Zool.), Berkeley, 45 (1): 52. Ceylon. [Protozoa.] 
1942. H. Kirby, Univ. Calif. Publ. Zool., Berkeley, 45 (2): 121. Ceylon._ [Protozoa]. 
1949. T. E. Snyder, Smiths. misc. Coll., Washington, 112 : 49. Ceylon. 
1961. K. Krishna, Bull. Amer. Mus. nat. Hist., New York, 122 (i\rt. 4): 347. 

(iii) Kalotermes (Glyptotermes) minutus Kemner 

1953. Rattan Lal and R. D. Menon, Cat. Indian Insects, Pt. 27, Isoptera, Delhi: 15. 
Ceylon. 

( a) Material Examined 

Present in Zoologiska Instituet, Lund University, Lund: One vial in spirit, 
with a lectotype soldier, a lectomorphotype imago ~ (dealate, broken 
into 2 pieces) and a pseudoworker, Peradeniya (Ceylon), colI. M.P.D. 
Pinto (No. 7059), 22.vi.1928, det. N. A. Kemner. 

( b) Description 

Types examined. 

1. IMAGO ~ (Text-fig. 13; Table 5).-

General: Head-capsule, mandibles, thorax (including wing-scales) 
and abdomen dark brown; labrum and antennae brownish yellow; 
clypeus yellow; eyes black. Head and body sparsely hairy. 
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Head: Oval, longer than width with eyes; head-capsule sub circular ; 
width with eyes more than length to base of mandibles (width 0.85; 
length 0.80 mm.) ; sides weakly convex and slightly narrowed posteriorly; 
posterior margin round. Fontanelle: Absent. Eyes: Two lateral, black, 
facetted, oval eyes, one on either side (diameter: maximum 0.25, mini
mum 0.20 mm.). Ocelli: Two lateral, oval ocelli, one on either side, 
0.09 mm. long and 0.07 mm. wide; touching the eyes. Antennae: 
Incomplete (right antenna with 3 and left with 7 segments); segments 
1 and 2 sparsely, the remainder fairly, pilose; segment 1 long; cylindri
cal; 2 longer than half of 1 and cylindrical; 3 subequal to 2; 4-7 sub
equal, broadly pyriform, longer than 3. Clypeus: ~ubtrapezoidal; indis
tinctly separated into an ante- and a postclypeus. Anteclypeus white, 
apilose, with a straight anterior margin. Postclypeus scantily pilose; 
anterior margin weakly convex. Labrum~· Subsquarish, broader than 
long; sides weakly convex; anterior margin round, slightly incurved 
in middle; with 5 pairs of hairs on anterior margin and a pair on body. 
Mandibles: Not examined in the single specimen available for study. 

Thorax: Pronotum: Subrectangular; much broader tha~ long 
(maximum width 0.73 (0.76 vide Kemner, 1932); maximum length 
0.49 mm.); antero-Iateral corners narrower than postero-Iateral corners; 
anterior margin concave, weakly incised medially; sides weakly convex 
and ·narrowing behind; posterior margin convex; with a weak median 
notch. Mesonotum and metanotum: Weakly incurved medially at posterior 
margin. Legs: Broken. Wings: Only wings cales present. Forewing
scales large, shield-like, covering more than half of hindwing scales. 
Hindwing-scales short, triangular. 

Abdomen: Oblong, hairy. Cerci 2-jointed, short, 0.05 mm. long 
and partly covered by 9th tergite. Styli absent. 

2. SOLDIER (Text-fig. 14; Table 6).-

General: Head-capsule yellowish brown, reddish brown anteriorly; 
antennae, labrum and legs a little paler than head-capsule; mandibles 
black; pronotum yellowish brown, a little darker than posterior part 
of head, and with a darker anterior margin; body pale yellowish brown. 
Head and body moderately pilose. Total b_ody-Iength c. 4.1-5.1 mm. 

Head: Head-capsule rectangularly cylindrical and flat; length to 
base of mandibles 1.50 mm. (1.16-1.38 without mandibles vide Kemner, 
1932); head-width 0.90 mm. (0.74-0.92 mm. vide Kemner, 1932) with
out any protuberances at the ... dorso-lateral corners of frons; frons sloping 
in front and somewhat depressed medially; rest of head uniformly high; 
sides parallel; posterior margin round; antero-lateral corners .of head
capsu1e at base of mandibles rqund; Y -suture present. Fontanelle: 
Absent. Eyes: Two, small, oval eye-spots, one on either side, present; 
maximum diameter 0.07 mm. Ocelli.: Minute, hardly discernible. 
Antennae: Only left antenna of the specimen complete, with II-segments; 
segments 1-3 sparsely, and the remainder fairly, pilose; segment 1 longest, 
cylindrical; 2 about half of 1 and cylindrical; 3 shortest; 4 longer and 
broader than 3; 5 to the penultimate one subequal and pyriform; the 
last ovate and narrower than the penultimate one. [Kemner (1932, 
p. 150) described the antennae as follows:-Antennae short and thick, 

19 
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Text-fig. 13.-G[yptotermes minutus Kemner. 

Imago aRd Nymph. From types, Peradeniya, Ceylon. Figs. (a)-(e) Lec~o
morphotype imago; (d) and (e) nymph. 

(a) Head and pronotu~, in dorsal view. (b) Ditto, in side, view. 
(c) Labrum, in dorsal view. (d) Left mandible of nymph, in dorsal 
view. (e) Ditto, right mandible. . 

acl., anteclypeus; ant., antenna;ap.t., apical tooth of mandibles; e.,. eye; 
Ir., labrum; ml, m2, 1st and 2nd marginal teeth of mandibles;
md., mandible; Of., ocellus; pel., postclypeus; prt., pronotum. 
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not quite reaching the tip of the mandibles; 9-10 segmented. In 9-
segmented antenna, segments 2, 3 and 4 subequal, but 4 is thicker. 
In IO-segmented antenna, segment 3 is smaller than 2 and much smaller 
a~~ narr.ower than th_e very large segment 4.] Clypeus: Subtrapezoidal, 
dIvIded Into an ante- and a postclypeus. Ante-clypeus thin, narrow, 
apilose, strip-like. Postclypeus pilose, of same colour as frons and 
separated from latter by a thin groove. Labrum: Broader than long 
(Kemner, 1932, p. 150, mentioned this as, much longer than :broad); 
weakly converging in front into a broadly rounded anterior margin; 
with a few hairs near anterior margin. Mandibles: Short and thick; 
strongly incurved at apex; and with weak basal humps. Left mandible 
with 3 (2 according to Kemner, 1932) margin.al teeth. Right mandible 
with 2 marginal teeth of equal size. Postmen tum : Long, club-shaped; 
maximum width is at anterior . one-fourth, whence the sides narrowing 
posteriorly into a long narrow waist and weakly narrowing in front; 
near the posterior margin sides again widening out abruptly; anterior 
margin straight; posterior margin concave and bulged medially. 

Thorax: Pronotum: Subrectangular; broader than long and slightly 
broader than head-capsule (Kemner, 1932, p. 150, says: as broad as or 
a little narrower than head); length 0.60 mm. (0.42-0.44 vide Kemner, 
1932), width 0.93 mm. (0.70-0.81 vide Kemner, 1932); anterior margin 
broadly concave, with a weak median notch; sides substraight and 
weakly narrowing behind; posterior margin weakly convex and slightly 
incurved medially. Mesonotum narrower, and metanotum as wides as, 
pronotum; hind margin of both convex and somewhat incurved medially. 
Legs: Only the fore- and the left middle-legs present in the specimen, 
the others broken; legs short and thick; tibia of existing legs with 3 apical 
spurs. [According to Kemner' (1932), legs short and stout, tibia with 
three spurs]. Tibial spur formula, thus, 3; 3: 3. Tarsi 4-jointed. 

Abdomen: :Oblong, hairy; last tergite more strongly chitinised 
than the pre~eeding ones. Cerci 2-jointed, 0.09 mm. long. Styli 
single-jointed, :0.07 mm. long. 

3. PSEUDOWORKER (Table 7).-

General:' Head pale yellowish brown, somewhat paler anteriorly; 
antennae, legs and body somewhat paler; mandibles yellowish brown, 
with dark brown toothed margins. Head and body moderately hairy. 
Total body-length c. 4.0 mm. 

Head: Oval, head-capsule subcircular, a little broader than long 
(length to base of mandibles 0.73, maximum width 0.77 mm.) ; posterior 
margin round. Fontanelle and ocelli: Absent. Eyes: Two hardly dis
cernible, lateral eye-spots present; diameter 0.1 mm. Antennae:· With 
9 segments; segment 1 longest·· and cylindrical; 2 more than half of 1 
and cylindrical; 3 shorter than, or subequal to, 2, and subdivided; 
4-8 gradually increasing in length and becoming pyriform; the last 
ovate, narrower than and subequal to the penultimate one. ClylJeus: 
Subtrapezoidal; anterior margin subconvex. Anteclypeus hyaline, 
apilose. Postclypeus pilose, convex anteriorly. Labrum: Subsquarish; 
sides weakly convex; anterior margin weakly incurved medially. 
Mandibles: Of typically Glyptotermes-type; subsq~arish. Left mandible 
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Text-fig. 14.-G{)1ptotermes minutus Kemner. 

Soldier. Lectotype, from Peradeniya, Ceylon. (a) Head and prono
tum, in dorsal view. (b) Ditto, in side view. (c) Pos tmen tum, in 
yen tral view. 

acl., anteclypeus; ant., antenna; e., eye; Ir.? labrum; md.? m.andible; 
pel., postcl)1leus; prt., pronotup\. 
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with an apical and 2 marginal teeth; apical finger-like and longer than 
the marginals; 1st marginal triangular, with anterior margin shorter 
than posterior; 2nd triangular and subequal to 1st, with anterior margin 
longer than posterior and subequal to posterior _ margin of 1st. Right 
mandible also with an apical and 2 marginal teeth; apical finger-like; 
1st marginal thick, triangular; 2nd shorter than 1st, with posterior 
margin only a little longer than molar plate. 

Thorax: Pronotum: Subrectangular, flat; with a pair of median, 
brownish markings a little behind the anterior margin; maximum 
width 0.67, maximum length 0.43 mm.; anterior margin concave, 
with a weak median notch; anterior angles projecting in. front; sides 
substraight and weakly narrowing posteriorly; posterior margin convex, 
with a weak median notch. Legs: Short and thick; apical tibial spur 
formula 3: 3: 3. Tarsi 4-jointed. 

Abdomen: Oblong, hairy. Cerci 2-jointed, 0.07 mm. long. Styli 
absent in the specimen. 

(c) Type-specimens.-No holotype was selected by Kemner. The 
l.ectotype* soldier and a lectomorphotype* imago (dealate) (selected 
A. E. Emerson, 1957) are present in the Zoologiska Instituet, Lund 
University, Lund (Sweden) and were examined (vide 'Material' above.) 

( d) Type-locality and Distribution.-N 0 exact locality in Ceylon was 
mentioned by Kemner, but the label with the type-specimens states 
'Peradeniya' [Ceylon, c. 7°16' N., 80°37' E.] which thus becomes the 
type-locality. 

Known only from type-locality. 

(e) Comparison.-Glyptotermes minutus Kemner is close to G. almorensis 
Gardner and G. coorgensis Holmg. & Holmg. For differences see under 
those species, supra. 

6. GlyptoterlDes nigrifronst Mathur & Sen-Sarma 
(Table 6) 

(i) Glyptotermes nigrifrons M. & S. 
1960 (Apr.). R. N. Mathur and P. K. Sen Sarma, Entomologist, London, 1960: 

79-85 figs. 1 and 2 (s.), fig. 3. (Ny. mandibles). S. and Ny. Type locality: Top Slip, 
near Pollachi (Madras State, India). 

1962. R. N. Mathur and R. S. Thapa, Indian For. Leaft. (Ent.), Delhi, No. 167: 
11. India: Top slip (Madras State), 

(a) Material Examined 

A vial, Z.S.I. Reg. No. 3128/H8, with 2 soldiers (paratypes), Top 
Slip, near Pollachi, Coimbatore S. Div., (Madras State, India), colI. 
R. N. Mathur (No. 33), 6.i.1958, ex "rotton wood" 

* Professor Emerson selected the lectotype and lectomorphotype of this species 
in the year 1957; this being the first record of same since these designations have nQt 
been published by him so far .. 

t See "Re~arks" Qn this species below, 
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( b) Description 

As the species has been recently described In detail, I give here 
only a brief description. 

I. IMAGO.-

Unknown. 

2. SOLDIER (Table 16).-

General: Head-capsule yellowish brown (dark brown in region 
of frons), abdomen whitish, 10th tergite strongly chitinised and brown. 

Head: Head ... capsule subrectangular; antero-Iateral corners sharply 
projec~ed in front; V-suture present. Eyes: Two lateral, oval, unpig
mented eyes present. Ocelli: Two lateral, dot-like ocelli present; 
lying at the end of lateral arms of V-suture. Antennae: With 10-12 
segments. Mandibles: Short, about half of head-length to base of 
mandibles; l~ft mandible with 3, and the right with 2 marginal teeth. 

Thorax: Pronotum: Subrectangular, broader than long; anteri<?r 
margin concave; posterior margin weakly convex, without median 
emargination. Legs: Short; apical tibial spur formula 3: 3: 3. Tarsi 
4-jointed. 

Abdomen: Oblong; 10th tergite greatly chitinised and hro'j"De 
Cerci and styli present. 

3. NYMPH.-

Not available to me for study. The tibial spurs of legs i.e., 3: 2: 2 
as given by Mathur and Sen-Sarma (1960) is apparently an error as 
the tibial spurs in the family Kalotermitidae are ~lways 3: 3: 3. 

(c) Type Specimens.-Holotype and mor/lhotype: A holotype soldier 
and a morphotype nymph of alate, in Entomological collection at the 
F.R.I., Dehra Dun. 

Paratypes and paramorphotypes: (i) 7 paratype soldiers and 10 para
morphotype nymphs of adults, in F.R.I., Dehra Dun. (ii). Two para
type soldiers, in Z.S.I., Calcutta. (iii) One paratype soldier and 1 
paramorphotype nymph in Emerson collections (now in A.M.N:H., 
New York). 

(d) Type-locality and. Distribution.-Type-Iocality: Top Slip, near 
Pollachi, Coimbatore S, Division, Tamil Nadu, India (10°39' N., 
77°03' E.). Known only from the type-locality. 

(e) Remarks.-Mathur and Sen-Sarma (1960) separated Glyptotermes 
nigrifrons from all the other Indian species of Glyptotermes on the basis of 
the strongly sclerotised 10th abdominal tergite, in the soldier. I t may 
be added, however, that ,G. almorens£s Gardner, G. coorgensis Holmg. & 
Holmg. and G. minutus Kemner also have a strongly sclerotised 10th 
tergite. 

This species is hardly differentiated froIl:l G. coorgensis Holmg. & 
Holmg. and I did not find any char~cter t9 separate it fr9~ the speciPlen.~ 
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of G. toorgensis which I studied, except that the soldier m.andibles have 
weaker basal humps at outer margins. Krishna (personal commu
nication dated 4th November, 1965, informs that he found this character 
variable in a collection of G. coorgensis with a long series of soldiers from 
Periyar Lake, Thekaday (S. India). He has also compared the para
type soldier of.nigrifrons with the cotype soldier of coorgensis present in 
the A.M.N.H., New York and says that these species are not separable. 
I, in this study, am keeping this species separate as I personally have 
not examined the cotypes of coorgensis. 

III-SUMMARY 

1. Like the other members of the family Kalotermitidae, the species 
of the genus Glyptotermes are wood termites. Some of the species are 
serious pests of tea and rubber plantations, thus, they are of considerable 
economic importance. 

2. The present studies deal with the zoogeography and distribution, 
the phylogenetic position of the genus and the taxonomic revision of the 
Indian species. 

3. In the Indian subregion the genus is confined to India and 
Ceylon and only six species are known. 

4. The generic characters and keys for separation of the six Indian 
species, based on imago and soldier characters, are given. 

5. The following species are redescribed in some detail and illus
trated adequately:-Glyptotermes almorensis Gardner, G. ceylonicus Holm
gren, G. coorgensis Holmgren and Holmgren, G. dilatatus (Bugnion and 
Popoff), G. minutus Kemner and G. nigrifrons Mathur and Sen-Sarma. 
The so far unknown imago caste of G. coorgensis Holmgren and Holmgren 
is described. 

6. The types of Glyptotermes almorensis Gardner and G. minutus 
Kemner were examined and the lectotypes of almorensis Gardner 
designated. 
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TAXONOMIC,. BIOLOGICAL AND ECOLOGICAL 
STUDIES OF SOME INDIAN MEMBRA€IDS, 

(INSECTA: HOMOPTERA:) PART I. 

By 

L S. ANANTHASUBRA~NIAN AND T. N. ANANTHAKRISHNAN 

Loyola College, ltlladras-34. 

INTRODUCT.lON 

The family Membracidae has received little attention in India ever 
since the pioneering work of Distant in the early pavt of this century 
(1908, 1916). Besides very meagre descriptions, no mention was nlade 
by Distant of the host plants and of the sex of the insect described as 
the Type, and nlany species ,vere left unfigured. In the ~·ake of the 
modern concept of membracid taxonomy, it has become imperative 
to collect long series of male and female specimens belonging to the 
same population or reared from a single' pair, in order to assess the 'range 
of individual variations and to reach a definite decision regarding the 
determination of species. \'Vith this point in view, an attempt is made 
to study the South Indian nlembracids from their taxonomic and biologi
cal angles. T'his paper deals '\\rith only the taxonomy of the family. and 
the biological and ecological studies of the group will be published 
under Part II of this ,\\'ork. 

MATERIAL AND METHODS 

The material discussed in this work was collected from all over South 
India during the years 1964 ... '68. Many species were also reared in 
their natural habitat by covering egg masses and nymphs ,vith a fine 
netting to compare the results of laboratory experiments. Nymphs 
were reared in the laboratory on slnall pot plants enclosed in insect 
rearing cages. Thus long series of adults of both sexes could be obtained 
from laboratory cultures for systematic studies. Adults and the last 
nymphal instars ,vere preserved by mounting on pins or by gumming 
on cards. 

Two subfalnilies of IVIembracidae occur in South India, the O.~JJrha .. 
chinae and the Cent1"otillae. The Oxyrhachinae is separated from the 
Centrotinae by the presence of~, rudimentary scutellum concealed by 
the pronotuffi, and by the development of propleural and mesopleural 
processes. In the Centrotinae the scute!1um is alv.7ay~ clearly visible, 
and the propleural and mesopleural processes are absent. 

In the description of the species. the important taxonomical charac
ters, as illustrated for the common species, Oxyrhachis tarlllldus (Text 
fig. 2) to which continual reference '\vill be made, are as follows :-

'Fhe- position· of head, whetheF directed obliqHely downward or 
inclined ba'€kwam~ .. the-preportion of ~ngtb to' width of head; the shape 
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of jronto-cl clypeus and the nature of its lobes whether fused or distinct; 
the position of ocelli in re la tion to eyes and to t4e centro-ocular line 
(c-o-l) vvhich is an inlaginary line drawn through the centre of the ante
rior Inargin of the ba~e of the eyes when the head in a horizontal position 
is viewed from directly above; the nature of metopidium ,,yhich is the 
declivou<; part of the pronotum from the base of head to the front of 
dorsum; the humeral angles ,·vhich are lateral protuberances one on 
either side of pronotum above the eyes; the supraocular callosities which 
are irregular areas located on the nletopidium above the eyes; the supra
humeral horns, also referred to as suprahumerals or horns; the posterior 
process 'Nhich is by far the most importan t of all taxonomic characters: 
the posterior proces<; may present. a strong gibba in many species of 
Oxyrhachinae located above the metathorax or slightly behind it; the 
ridges or carinae usually conspicuous on the horns and on the posterior 
process; the nature of the tegnlina whether presenting a pterostigma 
or not, the shape and size of the apical cells, the proportion of length 
to ,vidth of first apical cell; the number - of discoidal cells, the colour 
patterns and the nature of apical limbus; the number of apical cells in 
the hind wings; the scutellum whether well developed or aborted, and 
the proportion of length to ,vidth of this structure. 

1'he legs, as a rule, 'are not generally cunsidered as importanl in 
the taxonoIuy but nevertheless prove indispensable in the diagnosis of 
the genus Tricentnls ""here the hind trochanters bear well developed 
teeth. 

The male genital structures, namely, the sternal plate of the ninth abdo
Ininal segment, lateral valves, parameres and aedeagus, are of value at least 
as subsidiary characters. 

It is not out of place to enlphasise the fact that the adult membra
cids exhibit only a limited number of characters of taxonomic import
ance. On the contra.ry, a careful study of the nymphs,. particularly 
in their last or fifth nymphal stage, has brollght to light several charac
t~rs which are used in description and ba<;ed on which an attelupt has 
been made to construct keys for genera and species; these characters 
to which continual references ",,-ill be made are mentioned belo",' and 
illustrated in Fig. 1. 

Head : Cranial tubercules which are a pair of thorn-like or conical 
processes of vertex located above ocelli, rudimentary or obsolete in some, 
very prominent in others. 1'he centro-ocular line (already stated) 
is of importance ,,,,hen ocelli ·are visible; the subocular expansions \vhich 
are short acute tooth-like or fla ttened processes' one on either side of 
vertex belo\v eye, ,veIl developed in the Oxyrhachinae; the foliate lobes, 
one on either side of fronto-clypeus partially concealing it or fused 
,vith it. 

Tho.ftL.\'.-The na ture of met<?pidillnl ,vhether conv~x i!l front, vertical 
or sloping back,,,'~rd~; the pronotal crest, \vhich is a prominent ridge 
on the dorsum produced in some as an anterior process and a posterior 
process; the relative lengths of anterior and posterior processes ,,,hen 
both are pl~esent (Text fig. la); the suprahumeral" buds ,vhich are the. rudi
ments of suprahumeral horns, present in some in· the fifth. instar as a 
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pair .of small ~odl~les or pointed conical proc~sses; the \ving-pads appear
Ing In the thIrd lnstar normally and assumIng prominence in the last 
nymphal stage, extending backwards to a variable degree· the costal 
angles of tegminal wing pads, distinctlv denlarcated in so:ne and in-
conspicuous in 0 thers. ~ 

Anal 
tube. 

. . 

Posterior 
process. 

:., 
: . 

Mesonotal ~ '0. 

process. 

Dorsal .. 
tubercle."". .< 

'\ ,~~ .;';. 

TUber- .... 

Pronotal 
anterior 
process. 

oulated \. .. 
spine- \ posterior .... 

Gem ta1 "\fI1 ng -:pa.d • \ 
rudimen.ts • Lateral ~09tTutn· 

181tlella • 

Text-fig. 1. A Ge~eralised Fifth Instar. 

Pn, Pronotum; mn, Mesonotum: rot, Metanotum " IX, Ninth segment form
ing the a.nal tube,' X, Tenth segment forming the eversible tube. 

Abdolllen.-The abdomen of .melnbracid nymphs, according to 
Funkhouser (191 7) is composed of eleven segnlents of which the first 
segnlent is obsolete, the second one narrow, the third to the eighth inclu
sive more or less identical, the ninth forming- the anal tub'}, the tenth 
and the eleventh rudimentary, telescoped and often eversible. Capener 
(1962) considers the anal tube ~s the eighth segment. Since the first 
abdominal segment is clearly visible as a narrow crescentic structure 
in the various species of Gargara, the ~umeration adopted by Funkhouser 
is followed in the present studies. The length of the anal tube bears 
a more or less definite relation to body length. Of particular value 
are the - abdominal dorsal tubercles and do rsa .. la tera I (latero-dorsal) 
tuht:,lcles ,vith the spines borne on them, the abdominal lamellae which 
are pleural extensions of abdominal segments 3 to 8 and the nature 
of individual spines ·vhether long and slender, short and stout, bent 
~nd aC~lninate? or tooth-like. (Text fig. lb). 
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Text .. fi~. lao Pro~otal shapes in the. last n;mphaJ instars of dilferent memhracid(#! 
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Text-fig. lb. Types of lamellae, tubercules and spines met with in the membracid nymphs. 
1. Abdominal lateral la,mella in Pl'icentr'Us pilo8US; 2. in Otinotus indicatus; 3. in 

Ooooosterphus paludatus; 4. in Leptocentrus leucaspis; 5. in Pricent1'us alboma
culatus; 6. in Gargara mixta; 7. in Oxyrhachis rufescens; 8. Abdominal dorsal 
tubercle in the first instar nymph" of the genus Le:ptocentrus; 9. Prothoracic dor
sal tubercle in the first instar of Leptocentru8; 10~ Abdominal dorsal tubercle in 
fifth instar of Gargara mixta; 11. of Ooccosterphus tuberculatus; 12. of Leptocen-
trus taurus; 13. of Gargara extrema. . 

1a. Long setiform spine borne on lamella in Tricentrus pilosus; 281. bent spine borne 
on lamella. in Otinotus indicatus; 381. penicillate spine borne on lateral lamella 
of Ooccosterphus and Parayasa; 481. long acuminate spine, 4b, branched spine 
borne on lateral lamella of Leptocentrus leucaspis; 1181. short stout tooth-like 
spine on thoracic dorsal tubercle in OOc008terphus paludatus; 981. stout cylin
drical spine on thoracic dorsal tubercle in Leptocentrus; 1281. subspine on dorsal 
tubercle in Leptocent·rus. 14. Sensory setae on cranial tubercles; 15. ? ? 
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Although Funkhouser (1917) realised the importance of nymphal 
characters in the taxonomy of the Membracidae, no attempt appears 
to have hitherto been made in this direction. The present studies have 
revealed that for each species many of the characters of each nymphal 
stage appear to be more or less constant. Of the five nymphal instars 
the first instar of all the species is characterised by a comparatively large, 
head with the rostral tip often reaching the anal segment. The thorax 
is simple, devoid of crests or extensions. The most obvious diagnostic 
feature of this stage in all the species is the presence of t\,,/o dorsal tuber
culated bristles on the anal tube. "rhe general trends in the changes 
occurring in successive nymphal stages following the first, -consist of 
a regular increase in size immediately after every nloult, a progressive 
reduction of tuberculated spines on the head and thorax, a gradual 
increase in the size of the pronotum, the appearance and gradual deve
lopment of pronotal processes and vying pads, a gradual increase in 
the size of the abdominal lateral lamellae and in the number of spines 
borne on theIne Present studies on the postembryonic development 
of the membracids have also revealed a definite relation between the 
length of the anal tube and the' total body length in the nymphal stages 
of various species. Since this aspect of the allometry appears to have 
an increasing value in the membracid taxonomy, an attempt was made 
here to take the total body length and the length of the analtu be of all 
the nymphal stages; from these, the growth ratio (k) and the initial 
growth index (b) were calculated by using the formula, Y = bx1c, 
where Y is the length of anal tube, 'x' is the theoretical value of Y when 
'x' equals unity, a.nd 'k' is the constant at which Y gro\vs in relation 
to 'x' (vide Tables 3 and 3.t\.). 

The nYlnphs of all stages have been figured in most cases; where 
no appreciable differences of nymphal structure are noticed, only the 
fifth nymphal stage of those species have been dra\vn. 

Camera lucida dravvings were made for all the species presented 
here. Detailed account of the fifth nYlnphal stage has been given in 
vie\v of its importance in the taxonomy of the Membracidae. 

LIST OF SPECIES INCLUDED IN THE PRESENT STUDY 

Subfamily OXTRHACHINAE Haupt, 1929 

Tribe Ox))rhachini Distant, 1908 

Ger) us Oxyrhachis Gernlar, 1835 

1. Oxyrhachis tarandus (Fabricius) 
2. o. ruftscens Walker 
3. O. minusculus n.sp. 
4. o. uncatus Melichar 
5. O. krusadiensis n.sp. 
6. O. brevicornutJ,s n.sp. 

Subfamily CENTROTINAE Spinola, 1850 

Tribe Leptocentrini Distant, 1908 

Genus Leptocentrus Stal, 1866 

7. Leptocentrus rhi4.ophagus n.sp. 
8. L. mangiferae n.sp. 
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9. L. rnajor n.sp. 
10. L. bajulanr Distant 
11. L. leucaJPis Walker 
12. L. varicorttis' n.sp. 
13. L. taurus Fabricius 
14,. L. nigra n.sp. 
15. L. bauhiniae n.sp. 
16. L. rnoringae n.sp. 

Genus Telingana Distant, 1908 

17. Telingana nigroalata n.sp. 
18. T consobrina Distant 

Genus Otinotus Buckton, 1903 

19. Otinotus oneratus (Wa.lker) 
20. O. mimicus Distant 
21. O. indicatus (Melichar) cpmb. nov. 
22. O. obliquus n. sp. 

rrribc Cfentrotini Goding, 1892 

Genus Tricentru.)' StaI, 1866 
23. T pilosus n.sp. 
24. T purpureus n.sp. 
25. T congestus (Walker) 
26. T albo1naculatus Distant 
2'7. T decornis n. sp. 

Tribe Gargarini Distant, 1908 

Genus Gargara Amyot & Serville, 1843 
28. Gargara mixta (Buckton) 
29. O. £llbitarsis n.sp. 
30. O. madrasensis n.sp. 
31. O. extrema Distant 
32. G. malabarica n.sp. 
33. G. rustica n.sp. 

Tribe Coccosterphini Distant, 1908 

Genus Coccosterphus Stal, 1869 
34. Coccosterphus rnip.utus (Fabricius) 
35. C. paludatus Distant 
36. C. tuberculatus (Motsch.) 

Genus J)araya.sa Distant, 1916 

37. Parayasa maculosa l)istant 
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SYSTE~IATIC ACCOUNT 

Subfamily OXTRHACHINAE Haupt 

This subfamily is diagnosed by the presence of a rudimentary scutel
lum entirely concealed by the pronotum, the presence of a propleural 
process de-veloped from the lo",,-er margin of the propleura and directed 
downwards and backwards, and a metapleural process developed in 
a similar nlanner from the metapleura. 

Tribe Oxyrhachini Distant 

Head wider than long; vertex extended to forIn a foliate lower 
margin with a short lateral tooth and a rectangular foliate lobe. Tho
rax with pronotum with or without suprahumeral horns, posterior pro
cess extending beyo~d posterior angle of inner margin of tegmina ; 
tegrnina with 5 apical and 3 discoidal cells; wings with 3 or 4 apical 
cells; tibiae sOlnewhat foliate and flattened externally. Male genitalia 
with V-shaped aedeagus not serrated on inner margin, lateral valves 
with tuberculate lobes somewhat transverse; tips of paralneres club
like; sternal plate trulliform. 

Nymph in the last instar with a pair of large or rudimentary cranial 
tubercules, pronotal crest developed in front into a distinct horn, with 
a short posterior process extending over mesonotum; prominent spines 
or tubercles absent; abdominal lateral lamellae of segments 4-8 short, 
bearing rudimentary spines. 

Genus Oxyrhachis Germar 

(Type of the genus Nlembracis tarollda Fabr.) 

1835. Oxyrhachis Germar, Rev. ent. Silb., 3: 232. 
1903. Polocentrus Buckton, Mon. Memb.: 254. 

1905. Ouranorthus Buckton, Trans. Ent. Soc. Lond., 9: 322. 
1908. Oxyrhachis Distant, Fauna Brit. Indis, 4: 7. 
1962. Oxyrhachis Capener, Repub. S. Afr. Dept. Agr. Tech. Sere ent. Mem., 8: 9. 

Head wider than long; upper margin arcuate and sinuate to eyes; 
eyes large and globate or subglobate; ocelli equidistant from each other 
and from the eyes or a Ii ttle closer to the eyes or closer to each other 
and located on or above the centro-o~ular line; pronotum with or without 
suprahumeral horns; ITletopidium convex, vertical or backwardly in
clined, wider than high; suprahumeral horns, when present, directed 
for,vards, outwards and upwards; posterior process broad and tectiform 
at base, with or without a distant gibba, tricarinate, with or without a 
ventral carina or keel on apical half; humeral angles prominent and 
blunt; a pair or episternal hooks on mesonotum; teglnina with 5 apical 
cells and 3 discoidal cells; wings "vith 3 or 4 apical cells and a strong 
hanlulus on subcostal margin. 
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8 (9) 

9 (8) 

10 (1) 

Key to South India species of Oxyrhachis 

Suprahumerals well developed; apical area of posterior process slightly 
or strongly elevated. 
Suprahumerals as long as or longer than space between bases, hori
zontal or slightly oblique. 
Posterior process extending beyond tips of tegmina; inferior margin 
of apical area of posterior process weakly serrate; ocelli equidistant 
from each other and from eyes and located on centro-ocular line . 

. tarandus. 

Posterior process just reaching tips of tegmina. 

Suprahumerals longer than space between bases; apical area of poste
rior process slightly elevated; ocelli nearer to each other than from 
eyes. . rufescens. 

Suprahumerals as long as space between bases; apical area of poste
ior process strongly elevated; ocelli nearer to eyes than from each 
other . minusculus n.sp. 

Suprahumerals shorter than space between bases; posterior process 
not reaching tips of tegmina. 

Suprahumerals subhorizontal, about two-third as long as space bet
ween bases, tips acute; inferior margin of apical area of posterior pro
cess strongly serrate; ocelli nearer to eyes than to each other and loca
ted on centroocular line . 

• . uncatus. 

Suprahumerals horizontal, about one-fourth as long as space bet
ween bases, tips subacute; inferior margin of apical area of posterior 
process weakly serrate; ocelli closer to each other than to eyes and 
located just above centro-ocular line . 

. krusadiensis n.sp. 
Suprahumerals aborted to short stumps; apical area of posterior pro
cess not elevated, reaching upto 5th apical cell of tegmina; inferior 
margin of apical area of posterior process very weakly serrate. 

brevicornutus n.sp. 

Oxyrhachis tarandus (Fabricius) 

(Text-fig. 2) 

1798. Membracis taranda Fabricius, Ent. Syst. Supple : 514. 
1803. Centrotus tarandus: Fabricius, Syst. Rhyng. : 19. 
1835. Oxyrhachis tarandus: German, Res. ent. Silb., 3: 232. 
1903. Polocentrus rufus Buckton, Mon. Memb. : 254. 
1903. Polocentrus neuter Buckton, ibid. : 254. 
1962. Oxyrhachis tarandus: Capen~r, Repub. S. Afr. Tech. Sere Ent. Mem., 6: 11. 

.. ~ detailed description of this specie~ has been given by Capener 
(1962). Specimens collected around Madras exhibit variations in their 
suprahumerals as illustrated in Text-fig. 2. 

Fifth instar nYlnph.-·General colour dark bro""'n; vertex ('fhead nearly 
twice as wide as long, spar~ely covered with hairs, upper margin emargi
nate with glender, reduced cranial tubercles, each tapering to tip and 
terminating in a thin tuberculate hair, lower margin convex and sinuaie, 
subocular expansions conical with slnall tubercles, eye~ subglobate, 
pc;:elli invisible, frontoclypeus with free end strongly convex7 rostral tip 
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Text-fig. 2. Oxyrhachis tarandU8 (Fabricius) 
1. Arrangement of eggs on the host stem. 2. An egg. 3. First instar nymph. 

4. Second instal'. 5: Third instar. 6. Fourth instar. 7. Fifth instar, male. 
S. Fifth instar female. 8a. Addominal lateral lamella of fifth instar. 9. Head of 
fifth instar: 10. Frontal view of fifth instar. 11. Adult female. 12. Frontal 
view of female. 13. a, h, 0, d. Variations in suprahumerals. 14. Right half of 
dorsa.l view of pronotum of male. 15. Soutellum. 16. Tegmina. 17. Hind wing. 
18. ~ale ~enitalia1 la~eral view, .9, M.ale ~enita1ia~ v~n~ral view, 
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reaching 2nd abdominal sternite; thorax sparsely pilose, hairs mounted 
on short tubercles; metopidium slightly sloping backwards; supraocular 
callosities black, irregular, bare; suprahumeral buds conspicuous; 
pronotal anterior process in the female nymph large, its anterior margin 
sinuous, tip acuminate, directed upwards; posterior process prominent, 
gradually tapering backwards extending over basal two-thirds of meso
notum; in the male nymph the anterior process of pronotum broadly 
conicaJ, tip aClllninate; lateral carinae weak; median carina percurrent 
through lnetopidium; \ving pads prominent, broad, extending beyond 
3rd abdominal segment in female, beyond 4th abdominal segment in 
male; abdominal segments 5 to 8 \vith short conical lateral lamellae 
fringed with 4 or 5 short tuberculate spines; anal tube dark brown, 
closely pilose; genital rudiments conspicuous, being distinct in the 
two sexes. 

Material studied.-A long series of males and females as well as 
nymphs collected from host plants-Prosopis spicigera, .Acacia arabi~a, 
CaeJalpinia pulcherrima-and material reared in the laboraiory. 

Oxyrhachis rufescens Walker 

(Text-fig. 3) 

1851. Oxyrhachis rufescens Walker, List. Hom. ii: 506. 
1851. Oxyrhachis rudis Walker, List. Hom. ii: 509. 

Fefnale.-General colour ferruginous brown; head, twice as broad 
as long, vertex sinuate, punctate with short silvery hairs; cranial callosi
ties not raised, lateral angles of foliate lobes rectangularly rounded, 
eyes subglobate, projecting lateral, pale ",rhite, ocelli convex, nearer 
to each 0 ther than from eyes and located above centro-ocular line; 
frontoclypeus extending very slightly below lower Inargins of foliate 
lobes, free end nearly truncate, fringed with long white hairs; metopi
dium nearly vertical, very slightly sloping backwards, densely pilose; 
supraocular callosities prominent, raised, bare, hUlneral angles promi
nent, tip subacute; suprahumeral horns broad, a~most horizontal, longer 
than space between bases, seen in lateral view slender "vith apices sub
acute and directed backwards, seen from above flat dorsoventrally, seen 
in front more slender and a little more apically acute; anterior carina 
dark reddish brown, directed outwards, than backwards, lateral carina 
nearly straight, dorso-posterior carina curved forwards and outwards 
joining anterior carina in narrow curve; posterior process nloderately 
gibbous at base, apical area moderately elevated, tip acute, just reach
ing tegminal apex, anterior margin weakly serrate, median carina 
strongly percurrent traversing the metopidiuln, lateral carinae pale 
bro,vn; tegmina thrice as long as broad, dull ochraceous, basal sixth 
coriaceous, reddish bro\vn, punctate; veins pale brown, 1st apical cell 
four times longer than wide; hind ",ringR with 3 apical cells; legs testa .. 
ceous; a bdonlen dark reddish brown a hove, greyish tonlen tose below. 

Measurements.-Length from frontal margin to tips of tegmina 6.75-
8.0 mm. ~ to tip of posterior process 6.7-7.85 nlm.; \vidth across tips of 
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Text-fig. 3. Oxyrhachi8 ru/escens Walker 
1. Egg-slits on host stem. 2. An egg. 3. First instar. 3a. Frontal view of 

first instar. 4. Second instar. 5. Third instar. 6. Fourth instal'. 7. Fifth 
instar. 8. Frontal view of head of fifth inatar. 9. Frontal view of fifth instar. 
10. Adult m9,le. 11. Adult female. 12. Dorsal view of pronotum of female. 
13. Dorsal view of pronot.um of male. 14. Frontal view of male. 15. Frontal 
view of female. 16. Frontal elevation of heaq. l'1. Tegmina. l8. Jlind w~ng. 
19. Male terminalia, lateral view, . 



ANANTHASUBRAMANIAN & ANANTHAKRISHNAN : Indian Membracids 1 73 

suprahumeral horns 3.5-4.0 mm., at humeral angles 2.4-2.5 mm., at 
eyes 2.25-2.5 mm. 

Male.-Smaller and darker than fenlale; suprahumerals longer 
than in female, tip more acute ,,yith anterior carina more backtvardly 
curved; g~nitalia as in tarandus, but apical lobes of sternal plate narrow
er, tuberculate process of lateral valve longer. 

Measurements.----Length from frontal margin to tips of tegmina 
6.25-7.0 mm., to tip of posterior process 6.0-6.8 mm., width across tips 
of horns 3.25-4.5 n1n1., at humeral angles 2.2-2.4 nlm., at eyes 
2.0-2.2 mm. 

Fifth instar IlYlllph.-General coloration d~rk ochraceous brown, 
but somewhat thickly covered with a white deposit of wax giving it 
a greyish appearance particularly in the cranial tubercles, suprahumeral 
buds, bases of pronotal process and Yen tro-Ia teral areas of abdomen; 
head with vertex strongly convex, twice as wide as long, cranial tuber
cles thorn-like with ribbed base and acute tip, bearing slender hairs 
throughout; eyes dark rnaroon; ocelli nearer to each other than frorn 
eyes and situated on the e-o-l ; subocular processes slender and tuber
culate; frontoclypeus strongly convex, densely pilose, extending beyond 
lower nlargins of vertex; pronotum with nletopidium convex, slanting 
forwards, pronotal anterior process broad at base, suddenly narrowed 
from two-thirds of its length, tip acute slightly inclined backwards; 
pronotal posterior process abbreviated, extending over base of mesono
tum, very blunt and obtuse; suprahumeral buds small, black; wing 
pads narrow-, obliquely directed do,vnwards and backwards, co~tal 
angles not distinct; metanotunl weakly indented, shallo'\l\'ly concave; 
abdominal lateral lamellae of segnlents 4 to 8 conical, bearing 5 to 7 
tuberculate spines, those on 3rd segment much shorter; anal tube .one ... 
sixth of the body length. 

Host plants.-Acacia arabica, Acacia melanoxylon, Acacia auriculiforrnis, 
Prosopis spicigera, Erythrina indica, Poinciana regia, Caesalpinia pulcherrirna, 
Caesalpinia coriaria, Butca frondosa, Albizzia lebbeck, Olyricidia maculosa, 
Sesbania aegyptiaca, Cassia sp., Grotalaria juncea, Grotalaria llerrucosa, Tamar
indus indicus, C)'amopsis tetragonoloba. 

Material studied.-60 females, 18 males and nunlerous nynlphs, 
Madras; 10.viiL1966. 

Oxyrhachis minusculus n.sp. 

(Text-fig. 4) 

Female.-General colour ochraceous brown. Head wider than long, 
greyish brown, vertex weakly corive~, subquadrate rather coarsely punc
tate with short pale white hairs, cranial callosities vestigial, lateral angles 
of foliate lobes first vertical and then broadly rounded, more densely 
pilose, eyes semiglobate, dark reddish brown, ocelli dark, distinctly 
nearer to eyes than to each other and located above centro~ocular line; 

,frontoclypeus light bro,.yn, extending slightly beyond lower margins 
of foliate lobes, lateral angles rounded, tip truncate, pilose; rostrum 
extending slightly beyond posterior margins of hind coxae. Thorax 
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Text-fig. 4. Oxyrltachi8 minus(}fI,lus n. sp. 

1. Egg-slits on host stem. 2. First instar. 3. Seoond instar. 4. Third instar. 
5. Fourth instar. 6. Fifth instar. 7. Adult female. 8. Frontal view. 9. Male 
genitalia, lateral view. 10. Male genitalia, ventral view. 
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w~th pronotum distinctly punctate, metopidiunl almost vertical and 
slIghtly sloping backwards, pilosity denser near bases of suprahumerals 
and posterior process; supraocular callosities small, irregularly shaped; 
suprah'!meral horns, as viewed frolll lateral aspect directed upwards 
and a lIttle backwards; viewed from front, directed outwards, then slight
ly ~pwar~s and curving backwards; viewed from above, dorso po~terior 
carIna ~hghtly curved forwards and outwards; hurneral angles promi
nent, tIps subacute; posterior process tectiform, strongly tricarinate 
\vith a weakly developed gibba above the level of metathorax and first 
abdominal segment~ apically laterally compressed rising well above 
anal angle, ventral keel ampliate, as deep as dorsal keel and weakly 
serrate, apex acute, not exactly reaching tips of tegmina. Lateral 
areas of thorax· with white tomentose patches; tegmina subhyaline, 
a lit~le :vrinkled, two and two-third tilnes longer than wide, veins brown, 
basal sIxth coriaceous and brownish, a fuscous spot at anal angle, first 
apical cell as long as second discoidal cell, 1st and 3rd discoidal cells 
equal in length. Legs with tibiae castaneous, tarsi pale-brown. Abdo
men dark-brown, lateral sternal areas with white tomnetose spots. 

Measurenlents.-Length from frontal margin to tips of tegmina 
5.0-5.4 mIn., to tip of posterior process 4.8-5.0 mm. width across tips 
of suprahumeral horns 3.5 mm., at humeral angles 2.6-2.8 mm., at eyes 
2.2-?4 mnl. 

Male.-General colour black with shades of brown; slightly smaller 
than female . 

... Measurements.-Length from frontal margin to tip~ of tegmina 
5.0 mm., to tip of posterior process 4.7 mm., width across tips of supra
humeral horns 3.-4' mm., at humeral angles 2.0 lnm., at eyes 2.3 Inm. 

Nyllzph.-Fifth instar. General coloration chocolate brown; head 
directed backwards, cranial tubercules very prominent, nearly cylindri-' 
cal, tip subacute; vertex subplanate at base, tV\Tice as wide as long, eyes 
dark .. brown, ocelli nearer to eyes than from each other and located on 
centro-ocular line; pronotum concave in front> sonlewhat receding, 
supraocular callosities, in the form of three irregular bare areas; supra
humeral buds prominent, dark brown; anteriQr process conical, ne~r!y 
t\vice as long as posterior process which extends over nlesonotunl beyon,d. 
middle; wing pads dark reddish brown, very large, extending upto 6th 
abdominal segnlent, costal angles well demarcated, fringed with 
tuberculated spines, abdoIuinal segnlents telescoped, tip raised up; 
lateral lamellae of segments 5 to 8 moderately developed, nearly cylin
drical, inclined backwards with posterior margins fringed with 4 or 5 
tuberculate spines; anal tube black, one-fifth as long as total body 
length. 

Host plant.-Casuarina equisetifolia. 

Holotype female; para types I,? fema les and 8 males; nepionotypes 
10, Madras, -.iv.1967, Vellore, -20 felnales and 8 Inales, -.v.1967. 

O. minusculus appears to be very near to tarandus and nifescens in posses
sing well developed, nearly horizontal suprahumel'al horns and the pos
terior process having its apical area upturned, but it differs from both 

22 
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tarandus and rufescens in the slualler size and the shorter suprahumerals 
which are as long a~ the space between their bases; from tarandus it 
differs in the nature of the posterior process which just reaches the teg
minal apex:; from rufescens it differs in the position of ocelli which are 
nearer to eyes than to each other. 

Oxyrhachis UDcatus Melichar 

(Text-fig. 5) 

1903. Oxyrhachis uncatus Melichar, Hom. Faun. Ceylon,: 108. 
1903. Centrotus nectaris Buckton, Mon. Memb. : 246. 

Female.-·General coloration brownish ochraceous. Head with ver
tex subquadrate, broader than long, finely punctate, ,vith long sparse 
silvery white hairs; upper margin slightly arcuate, sinuate, lateral angles 
of foliate lobes rectangular, inner angles inwardly acute; eyes_ nearly 
subglobate, reddish' brown; ocelli suc~ineous, nearer to eyes than to each 
other and located on the c-o- line; frontoclypeuS" nearly as wide as long, 
slightly extending below lnargins of foliate lobes, tip truncate and pilose 
with white hairs; rostrum reaching to posterior coxae; pronotum brow
nish ochraceous, finely punctate with sparse pale white hairs; median 
carina yellowish brown and strongly percurrent; metopidiuln twice as 
broad as high, strongly punctate at bases of horns, convex, gradually 
sloping backwards; supraocular callosities small, bare, margins obscure; 
suprahumeral horns about two-third as long as distance between their 
bases, subhorizontal, apices subacute, viewed froIIl above flattened dor
soventrally with weak yellowish brown dorsal carina; viewed from 
lateral aspect appearing much shorter, viewed from the front more 
upwardly curved, tricarinate, apices obtusely acute; posterior process 
slightly gibbous behind base, hardly reaching apex of tegmina, apex 
slightly turned upwards) inferior margin weakly serrate; tegmina thrice 
as long as wide, subhyaline, basal ~ixth coriaceous and punctate, \vrin .. 
kled, veins reddish brown, first apical cell three times longer than wide, 
as long as second discoidal cell; legs 0 chraceous; lateral areas of body, 
and abdomen below cretaceously tomentose. 

Measurellzents.-Lcngth from fr0ntal margin to tip~ of tegmina 
6.5-7.0 nlm., to tip of posterior process 6.2-6.8 mm., width across tips. 
of suprahumerals 3.0··3.5 mm., at humeral angles 2.3-2.5 mm., at eyes; 
2.0-2.2 mrn. 

Male.-Similar to female, with horns slightly shorter. Terminalia, 
,vith aedeagus U-shapecl, tuberculate process of lateral valve shorter, 
parameres club-like, sternal plate black, densely pilose, ,vith apical lobes 
small and inconspicuous. 

Measurelnents.-Length from frontal margin to tips of tegnlina 
6.3-6.74 mm., to tip of-posterior process 6.1-6.6 mm., width across tips 
of suprahumeral horns 2.75 .. 3.2 mm., at humeral angles 2.2-2.4 mm., 
at eyes 1.9 .. 2.1 mm. 

Fifth ins tar llYlnph.-Colour greyish brown with very little deposit 
of waxy secretion making ventro-Iateral parts of abdolnen whitish; 
head turned backwards; vertex nearly twice as wide as long; cranial 
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Text-fig. 5. O~yrhachi8 uncatu8 Melichar 

1. Adult female. 2. Frontal view of female. 3. Dorsal view of pronotum. 
4. Scutellwn. 5. Male .genitalia, lateral view. 6. An egg. 7. First instar. 
8. S~coJld in~t~r. 9! Third inst~r. lO. Fourtll in~tar, 11. Fifth instar, 
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tubercles thin, slender, thorn-like; metopidiurIl slightly convex in fr<?nt, 
vertical, anterior process of pronotum short and broadly rounded; 
posterior process extending over about middle of mesonotum, tip blunt; 
supraocqlar callo~ities indistinct, suprahulneral buds small, concolorous; 
wing pads greyish, their bases pale ochraceous, extending beyond 3rd 
abdominal segment, costal angles fringed with tubercles; abdomen 
brown with a short sharp lateral lamella posteriorly edged with short 
tuberculate spines on segments 5 to 8; anal tube about one-sixth 
the length of body, normally held nlore or less vertically, bordered with 
rows of fine tuberculate hai:"s; genital rudirnents prominent. 

Host- plant.-ProsoJ)is spicigera. 
J.\tlaterial studied.-26 females, 10 rnales and numerous nymphs; 

l\1a-dras, 10.viii.1967; 4 felnales and 10 fifth nymphal instars, Rames
waram, 18.ix.1967. 

Oxyrhachis krusadiensis n.sp. 

(Text-fig. 6) 

Fenzale.-G-eneral colour reddIsh brown. Head with vertex sub
quadrate, about twice as wide as long, yellowish brown" co~.rsely punc
tate -with short pale adpressed hairs arising from punctures; upper mar
gin slightly arcuate, lower- margins gradually slopping to foliate lobes 
which are reddish brown, nearly truncate and inwardly deflexed to the 
frontoclypeus, eyes prominent, subglobate, pale white, ocelli dark bro'\l\rn, 
closer to\,yards eC:l,ch other than from eyes and located just above centro
ocular line; fronto-clypeus reddish brown with tip slightly upturned and 
truncate; labrum and rostral base whitish pubescent, tip of rostrum 
reaching base of hind coxae. Thorax, with pronotum light reddish 
brown,. coarsely punctate, with short pale white hairs, lateral areas of 
sternite with \\rhite pubescence; mctopidium nearly one and a half 
tin1es as wide as high, strongly sloping backwards, base convex; supra
ocular callosities inconspicuous, suprahumeral horns short, weakly 
carinate, subparallel, as viewed from front directed laterad with tips 
slightly curved downwards, subacute, dark brown, as viewed from above 
much narrower; posterior process reddish brown, somewhat darker 
just behind horns, basally tectiform, with a strong gibba above the 
second abdominal segment, median and lateral carinae .parallel upto 
three-fourths of their length, apex nearly acute and only slightly raised, 
reaching upto the tip of 5th apical cell of tegmina, ventral keel ampliate 
and weakly serrate; tegmina hyaline, nearly three and three-fourths 
as long as wide, base very narrowly- coriaceous and punctate, veins 
reddish brown, fringed with short hairs, 2nd apical cell smallest, 1st 
and 3rd discoidal cells nearly identical, apical limbus broad, leg~ with 
coxae, trochanters and femora dark browfl, tibiae slightly foliate, light 
brown, tarsi paler. 

Measurelllents.--Length from frontal margin to tips of tegmina 
6.5 mm., to tip of posterior process 5.5 rom., width across tips of supra
humeral horns 2.0 n1n1., at humeral angles 2.5 mm., at eyes 2.2 mm. 

Alale.-Similar to female. Length from frontal margin to tips of 
teg-mina 6.0 mm., to tip of posterior process ~.1 mm., width a~ross tips 
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Text-fig. 6. Oxyrhachis/crusadiensis n. sp. 

1. Adult female. 2. Frontal view of female. 3. Dorsal of pronotum of female . 
. 4. Frontal view of male. 5. Dorsal view of pronotum of male. 6. Male termi
nalia, lateral view. 7. Fifth instar, lateral view. 7a,. Abqom,infl,l lateral lamell~ 
of fift.l~ ins~ar. ~. ~rQnt~1 view of fifth in$ta,r. 



180 Records of the Zoological Survey of India 

of suprahumeral horns 1.85 nlm., at humeral angles 2.3 mm., at eyes 
2.1 mnl. 

!1'!fth nYlIzphal instar. -Pale-green in life, changing to greyish brown 
in cabinet specimens. Head nearly twice as V\Tide as long, cranial tuber
cules of nloderate size; eyes fuscous bro\tvn, ocelli distinctly nearer to 
eyes than from each other 'and located on cen tro-ocnlar line; subocular 
processes broadly conica~ with tubercles; fronto-clypeus highly arched 
at base, nearly truncate at 10\lver margin which never projects beyond 
the lower margins of vertex; thorax approximately as long as abdonlen; 
nletopidium convex in front, slightly sloping backwards, suprahumeral 
buds inconspicuous; supraocular callosities indistinct; pronotal anterior 
process conical, projecting up,vards and slightly forwards, tip acute, 
lateral carinae distinct; posterior process less than half as long as anterior 
process, extending over three-fourths as long as mesonotum, tip acute:, 
wing pads large, extending to 5th abdominal segnlent, costal angles 
not demarcated; abdominal segments 5 to 8 fairly large, slightly curved 
backwards and fringed \\rith 5 or' 6 tuberculate spines; ana] tube a little 
less than one-fifth the length of body;' genital rudinlents large, extending 
over basal half of anal tube. 

Host plant.-Cassia sp. 

Holotype female; para types 25 females and 12 males; nepionotypes 
15 fifth instar nymphs; Krusadai Is]ands, Pamban, 19.ix.1967; 8 
females, 8 males and 9 fifth ins tar nymphs, Madras, 2.x.1968. . 

O. krusadiensis is nearest to crinitus Buckton and uncatus Melichar, 
but differing from both in the much shorter posterior process which 
extends upto 5th apical cell of tegmina; from crinitlls it differs in the 
larger size of body and from uncatus in the much shorter suprahumeral 
horns. 

Oxyrhachis brevicornutus n.sp. 

(Text .. fig. 7) 

Ferllale.-General colour ochraceous brown. Head, with vertex. 
wider than long,-vertical, declivous, vertex slightly convex, subquadrate, 
strongly arcuate at base, very finely punctate, with extreInely short 
adpressed sparsely distributed silvery hairs, cranial callositier. incons
p;.cuous; lateral angles of foliate lobes reddish brown, broadly obtusely 
rounded, eyes snbglobate, pale white with shades of black, ocelli shining 
white, nearer to eyes than to each other and located on the c-o-line; 
fronto-clypeus never extending below lower margins of foliate lobes, 
tip truncate, pilose; lateral lobes prominent; thorax, with prontum 
finely punctate, lateral areas somewhat dark ochraceous, devoid of 
dense pilosity; metopidium strongly backwardly sloping, anterior mar
gin not ohumbrant, punctate, short hairs sparsely distributed, supra
ocular callosities moderate, humeral angles prominent, light brown~ tips 
broadly rounded and some"vhat blunt; suprahunleral horns reduced to 
very short stumps and directed upwards, dark broV\Tn; posterior pronotal 
process tricarinate, broad at base, ampliate beneath, not gibbous at 
base, nearly strai~ht to two-third its length, apical o~e-th~rd s1i~htlr 
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Text-fig, 7. Oxyrhachis brevic01"tbutus n, sp. 

1. Adult female. 2. Frontal view. 3. Pronotum, dorsal view. 4. Egg ma~ses 
'on host stem. 5. Arrangement of eggs. 6. Fifth instar nymph. 
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broader with lateral and dorsal carinae fuscous, dorsal carina conspi
cuous, strongly pe:"current through metopidium, inferior margin very 
weakly serrate, tip directed do,vnward reaching to about the tip of 
fourth apical cell of tegnlina; tegmina hyaline, nearly two and a half 
times as long as ,vide, basal sixth coriaceous, finely distinctly punctate 
and dark bro\vn, veins strong, yellowish brown wi1:h 3 discoidal cells, 
the 1st discoidal cell narrowest," dis cal cell as .long as 3rd" discoidal cell; 
hind wings with 3 apical cells. Abdomen reddish broV\'n with shades 
of black. 

Measurements.-Length from frontal margin to tips of tegmina 
5.4 mm., to tip of posterior process 4.8 mm., width across tips ofsuprahu
meral horns 1.5 mm.) at humeral angles 2.5 mm., at eyes 2.2 mm. 

Male.-Similar to female but supra humeral horns practically obso
lete. Length from frontal Inargin to tips of tegmina 5.2 mm., to tip 
of posterior process 4.7 mm., ~Yidth across tips of humeral angles 2.3 rnm., 
at eyes 2.2 mm. 

Fifth nymphal instar.-General coloration ochraceous brown; head 
obliquely directed downwards and backwards; eyes large, vitreous, 
subglobate, ocelli invisible; cranial tubercules prominent and slender, 
apically ochraceously tuberculate, about three-fourth as long as the 
longest abdominal lamella, subocular processes extending outwards, 
bi-tuberculate; rostrum extending to first abdominal segment; prono
tum brown with sparse pilosity, metopidium vertic~"lly convex, supra
ocular callosities imperfectly shaped; anterior process erect, gradually 
tapering from base, tip acuminate, slightly inclined Qackvvards, poste
rior process short, extending over basal one-fourths of mesonotum, tip 
acute, suprahumeral buds absent; wing pads ochra~eous and testaceous 
at base, extending upto nliddle of 5th abdominal segment, costal angles 
indistinct; meso-and meta-thoracic tergites dark brown; abdominal 
tergites light brown with posterior margins greyish; lateral lamellae 
of segments 5 to 8 with short tubercles inclined backwards, fringed with 
a few short spines; anal tube slightly less than one-fifth of total body
length; rudimentary ovipositor dark brown, extending over basal two
thirds of anal tube. 

Host Plant.-Prosopis spicigera: Holotype female; para types 8 females 
and 5 males; nepionotypes 6 (fifth instar nymphs), IVladras; 3D.vii. 1968. 

This intere5ting species is nearest to the African species, Oxyrhachis 
brelJicornis (Jacobi) in the nature of the po~terior 1)rocess, and to O. insula
ris (Capener) in the suprahumeral horns which are obsolete, but differ
ing from both in having only 3 apical cells in the hind wings. 

Key to species of Oxyrhachis Germar based on Fifth {nstar nymphs 

1 (10) 
2 (5) 

3 (4) 

Suprahumeral buds present. 
Anterior pronotal process projecting vertically upwards; wing pads 
reachnig the 3rd abdominal segment. 
Posterior pronotal process prominent, gradually tapering backwards ex
tending over basal two-thirds of mesonotum; wing pads broad... .. 
tarandus Fabr. 
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4 (3) 

5 (2) 
6 (9) 

7 (8) 

8 (7) 

9 (6) 

10(1 ) 

Posterior pronotal process abbreviated, broadly rounded; wing pads 
narrow. . ..... rufescens 
Walker. 
Anterior pronotal process directed obliquely forwards. 
Tip of anterior pronotal process acute or subacute; wing pads ex
tending upto 5th abdominal segment; posterior pronotal process ex
tending over basal three-fourth of mesonotum; ocelli visible. 
Colour chocolate brown; anterior pronotal process nearly twice as 
long as posterior process; cranial tubercles very prominent; costal 
angles of wing pads distinctly demarcated .. 

. . • . minusculus n.sp. 
Colour pale green in life; anterior pronotal process more than two 
and a half times ~s long as posterior process; cranial tubercules of 
moderate size; costal angles of wing pads not demarcated . 

. krusadiensis n.sp. 
Tip of anterior pronotal process broadly rounded; wing pads ex
tending upto the 4th abdominal segment; posterior pronotal process 
extending over basal half of mesonotum; ocelli obscure . 

. uncatus Melichar. 
Suprahumeral buds absent; anterior pronotal process more than 4 
times as long as posterior process; posterior process extending over 
basal one-fourth of mesonotum .. 
brevicornutus n.sp. 

Subfaluily CENTROTINAE Spinola 

This subfanlily is diagnosed by the prese~ce of a well developed 
scutellum which is always clearly visible if sometimes partly concealed, 
and the absence of propleural and mesopleural processes. The sub
family is divided into four tribes, Centrotini, Leptocentrini, Coccosterphini 
and Gargarini. 

1(2) 

2(1) 

3(4) 

4(3) 
5(6) 

6(5) 

Key to tribes of the South Indian Centrotinae 

Hind wings with 4 apical cells .. 
Leptocentrini 
Hind wings with 3 apical cells. 
Scutellum clearly visible; suprahumerals present or absent .. 
Centrotini 
Scutellum partly concealed; suprahumerals absent. 
Scutellum abortive in the middle; tegminal veins finely or coarsely 
tuberculate; a distinct pterostigma present or absent; pronotum tuber-
culate or not. .... . .. 

Coccosterphini 
Scutellum complete in the middle but weakly chitinised; tegmina I 
veins not tuberculate; a distinct pterostigma absent, rarely an inicpi
ent pterostigma present; pronotum not tuberculate .. 

Gargarini 

Tribe Leptoc{ntrini Distant 

The diagnostic characters of this tribe are the presence of 4 apical 
cells in the hind wings, prominent frontoclypeal lobes and the fully 
exposed scutellum. 

23 
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1(4) 

2(3) 

3(2) 

4(1) 

Records oj the Zoological Survey of India 

Key to the genera of Leptocentrini 

Base of posterior process distant from or rarely touching apex: of scu
tellum; posterior process more or less arcuate and declivous. 
Scutellum triangular, about as wide as long, apically emarginate; 
disc of pronotum convexly elevated .. 

'Leptocentrus • 
Scutellum much longer than broad, apex: acute; disc of pronotum not 
or slightly elevated .... 
Telingana. 
Base of posterior process contiguous with or only slightly above 
scutellum and tegmina; posterior process slender, not arcuate, slightly 
sinuate; scutellum wider than long .. 

• Otinotus. 

Genus Leptocent~s Stal 

(Type of the genus Centrotus altifron~ Walker) 

1866. Leptocentrus Stal, Hem. Afr. 4: 87-90. 
1903. Rabduckus Buckton, Mon. Memb.: 270. 
1968. Leptocentrus: Capener, Repuh. S. Afr. Dept. Agr. Teck. Sere Ent. Mem. 17: 33. 

Head vertical, about thrice as wide as long, upper margin of vertex 
arcuate and sinuate, eyes hemispherical, ocelli closer to eyes than to 
each other and located above, rarely on, the c-o-line; frontoclypeus with 
tip rounded; ex:tending well beyond free m~rgins, lateral lobes promi
nent; pronotum moderately elevated, metopitlium about twice as wide 
as high, humeral angles prominent and blunt; suprahumeral horns 
well developed, arcuate from dorsal aspect, usually strongly tricarinate; 
posterior process tricarinate, u~ually strongly arcuate, emerging dorsally 
from posterior half of pronotum, distant from,scutellum and tegmina, 
usually impinging on tegmina at tip, extending far beyond apex of cla
vus; scutellum triangular, about as wide as long, apex emarginate; 
tegmina without. pterostigma, with 5 apical cells and 2 discoidal cells, 
the apical veins straight; hind wings with 4· apical cells. 

1(4) 

2(3) 

3(2) 

Key to South Indian species of Leptocentrus 

Posterior process· remote from scutellum and inner margins of teg
mina from base to apex. 
Posterior process straight; suprahumerals narrow, slightly recurved, 
about equal in length to width _between bases; ocelli slightly above 
c-o-l; tegmina pale bronzy; small species.. . ~ . bajulans 
Posterior process slightly sinuate; suprahumerals broad, rubust, 
strongly recurved, slightly longer than width between bases; ocelli 
located on the c-o-l; tegmina smoky hyaline, costal margin, apical 
limbus and basal sixth dark marooned; large greyish black species 

• major n.sp. 
4 (1) Posterior process distant from scutellum, apex: very near to 01:' imping .. 

ing on inner margins of tegmina. 
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5 (8) Posterior process substraight from base, slightly arched at middle, 
tip acuminate; suprahumerals moderately recurved. 

6 {7) Dark brown; pronotum not pubescent; suprahwnerals longer than 
space between their bases; lateral areas of sternum white tomen
tose; ocelli located on the c-o-l. . rhizophagus 11.Sp. 

7 (6) Greyish brown; pronotum pubescent; suprahwnerals approximately 
as long as space between bases; lateral areas of sternum greyish, 
not white tomentose; ocelli located above c-o-l. . 

• mangiferae n.sp. 
8 (5) Posterior process moderately or strongly elevated at base, then 

substraight to tip. 
9(12) 

10(11) 

11(10) 

12 (9) 

13(16) 

14(15) 

15(14) 

16(13) 

Suprahumerals robust, strongly recurved; tip of posterior process 
impinging on inner angles of tegmina. 
Metopidium broader than high; posterior process moderately con
vexly elavated at base; tip passing beyond 5th apical cell; tegmina 
pale bronzy ochraceous, base and apical half of costal margin black 

. taurus Fabr. 
Metopidium higher than wide; posterior process prominently abrup
tly elevated at base; then declivous, apical fourth acuminate, tip not 
extending beyond 5th apical cell; tegmina shining ochraceous, ex~ 
treme base, distal half of costal margin, tip of 1st apical cell and 
adjacent area of apical limbus shaded with black . 

. nigra n.sp. 

Suprahumerals moderately develope<!-, gently recurved; di~tal. fourth 
of posterior process stralght, acumlI~ate, tlP never ImpI~&Ing on 
inner margin of tegmina. .bauhmJae n.sp. 
Suprahumerals more than two times longer than space between 
bases; ocelli located above c-o-l. 
Black; pronotum not pilose; suprahumerals basally raised upwar4s, 
then divergent; tegmina shining ochraceous, black on costal margin 
and apical limbus; tarsi yellowish ... 

• leucaspis Walker. 
Greyish brown; pronotu~ longly l?i1ose; suprahumerals not basally 
raised upwards, length hIghly varIable; tegmina subhyaline, costal 
margin not black; tarsi brown . 

• varicomis n.sp. 
Suprahumerals shorter than space between base~, horizontal, ~lender; 
ocelli located on c-o-l; tarsi light yellow; greyIsh brown speCIes .. 

• moringae n.sp. 

Leptocentrus rhizophagus n.sp. 

(Text-fig. 8) 

Female.-General colour dark brown. Head obliquely directed 
backwards, three times wider than long, vertex distinctly arena te at 
upper margin, lower margins broadly rounded, greyish white, with scat
tered silvery hairs; frontoclypeus greyish white, bordered by black 
streaks with long sparsely distributed hairs, two and a half times longer 
than wide, extending to t\vo-thirds' of its length beyond lo\ver margins 
of vertex, basal lobes prominent, tip of frontoclypeus nearly truncate; 
eyes dark reddish bro\vn, prominent, projecting laterad; ocelli located 
on centro-ocular line, black, distinctly nearer to eyes than to each other; 
antennae pale white, two-third as long as frontoclypeus; thorax with 
pronotum light brown with shades of black, pilose, lateral areas of 
sternum cretaceously sericeous, metopidium, much' broader than high, 
v~rt~cal upto a1?ol~t ~alf of ~ts he.ight~ then grad~al1y sloping backward~ 
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Text-fig. 8. Leptocentru8 rhizophagus n. sp. 
I. Twig showing egg slits. 2. Egg slit cut open. 3. A single egg. 4. First 

instar. 5. Second instar. 6. Third instar. 7. Fourth instar. 8. Fifth instar 
(lateral view) 9. Fifth instar (Dorsal view) 10. Adult female. ll. Frontal view. 
12. Ma.le genitalia, latera.l view. 
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towards disc; supraocular callosities conspicuous, irregularly shaped, 
black; hUIneral angles not prominent, light yellowish brown, tips blunt; 
suprahumeral horns reddish bro\vn, pilose, longer tha.n space bet"tNeen 
their bases, as seen from lateral aspect stout at base", obliquely curved 
forwards, then upward~, distal one-fifth directed hack\vards, tips acute; 
as seen in front much narro\.yer, carinae weak; posterior process reddish 
brown,' a little raised from disc and obliquely backwardly directed, 
more or less arcuate, tip acuminate, passing over three-fourth the length 
of 5th apical cell of teg~ina, impinging on inner angles of tegmina; 
median carina strongly percurren t along metopidium; tegrnina three 
tirnes as long as 'Nide, hyaline, distal third of costal margin fuscous, 
base somewhat coriaceolls, veins light brown, pilose; scutellum white 
tomentose at lateral hasal angles, wider than long, narrowly emarginate; 
undersurface of abdomen dark brown, pubescent; trochanters, femora 
and bases of tibiae dark reddish brown, apical two-thirds of tibiae and 
tarsi light yellow. 

Measurements.-Length from frontal nlarg.in to tips of tegmina 
6.3 mm., to tip of posterior process 5.3 mm., width across tips of supra
humerals 4.9 mm., at humeral angles 2.4 mm., at eyes 2.3 mm. 

}.fale.-Stnaller, nearly similar to female; frontoclypeus jet black, 
humeral angles more conspicuous; genitalia, \vith aedeagus finely ser
rate on inner margin, tip sub-acute, parameres rectangularly truncate 
in lateral aspect, sparsely setose on inner margin; lateral valves broadly 
triangular, processes well chitinised and alrnost c6ncolorous, fringed 
with short bristles; sternal plate highly chitinised at base, lobes at apex 
inconspicuous, broadly rounded. 

Fifth instar 1!Vlnph~--General coloration pink~sh brown, though vari
able; head pilose, directed backwards, base of vertex strongly arcuate, 
eyes prominent, pinkjsh or dark brown, surrounded by numerous brist
les; ocelli closet to eyes than to each other and Ioea ted on centro-ocular 
line; rostral tip reaching middle of meta thorax ; pronotal anterior pro
cess broadly rounded, distinctly shorter than posterior process, densely 
spinose; tip obtuse, posterior process extending over three-fourth the 
length of mesonotum, suprahumeral buds conspicuously large, dark 
brown; nlesonotal process blunt, partially overlapping metanotum; 
wing pads dark brown, extending up to 3rd abdominal segment; costal 
angles distinct; tibiae light brown with distinct transverse bands which 
disappear in preserved specimens; abdominal dorsal tubercless hort, 
their spines suberect; lateral lameUae selnicircular, each provided \vith 
i to 9 long curved spines inclined caudad, subspines scattered over 
lamellae; anal tube black at distal half, as long as the rest of abdomen, 
highly eversible. 

Host plant.-Prop roots of Ficus bengalensis. 

Holotype female; 4·7 fenlale and 19 male paratypes; 38 nepionoty
pes, Madras, July to September, 1966. 

Leptocentrus rhizophaglls is nearest to ohliquus Walker in the ferruginous 
body coloration, obliquely straight posterior process which impinges 
on the tegminal inner Inargins and in the hyaline teglnina, but differs 
in the much longer and less oblique suprahumerals and jn the position 
of ocelli. . 
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Leptocentras mangiferaen.sp. 

(Text ... fig. 9) 

Female.-General color~tion greyish brown; head more than twice 
as wide as long, vertex brown, tinged with shades of black,. pilose with 

3 

st 

Text-fig. 9. LeptocentrU8 mangiJerae n. sp. 
1: A~ult female. 2. Fronta.l view of female. 3. Dorsal view of pronotum. 

4. .Fif~h Instar nymph. 4a. Abdo~in~l la.~ef~l l~mena, of tifth instar. {). l\{eJe 
~afiJta,ha, lateral view. 
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short closely adpressed silvery .hairs, declivQus, upper margin arena te~ 
Io~er margIns downwardly slopIng; frontoclypeus longly pilose, speckled 
WJth black spots, longer than wide, extending below lower margins 
of vertex for about two-thirds ~ts length, tip rounded; eyes pale ~"hite 
globate, projecting laterad; ocelli shining white) located a little abov~ 
cent~o-ocular line, slightly closer to eyes than to each other; pronotum 
greYIsh brown) finely punctate, with short pale ,,,"hite hairs, lateral areas 
of sternUln pale brown, not white tomentose; metopidium wide as hifIh 
nearly vertical, with an inconspicuous bat'e supraocular callosity '-'o~ 
either side; humeral angles prominent; suprahumeral horns as long 
as space between Qases, as seen from" above, stout at base, more or less 
foliate, from ° base directed up,,,,ards, then gradually turned backwards 
upto humeral angles, tips subacute; posterior process basally raised 
above the scutellum, tricarinate, almost straight upto half of i~s length, 
then sinuate and acuminate to tip, never impinging on inner angles 
of tegmina, extending upto middle of 4th apical cell; median carina 
strongly percurrent; tegmina about three and a half times longer than 
wide, clearly hyaline, bro,vn pilosity at base, veins basally brown, gra
dually becoming lighter towards apex; scutellum white tomentose at 
basal lateral third, rest rusty brown, tip emarginate; abdome;n light 
brown with shades of black, ovipositor concolorous with abdominal 
sternites. 

Measurements.-Length from frontal margin to tips of tegmina 
6.9 mm., to tip of posterior process 6.0 mnl., width between tips of 
suprahumerals 5.0 mm., at humeral angles 2.8 nlm., at eyes 2.6- nlm. 

Male.-Differing fronl female in the dark brown coloration; length 
from frontal margin to tips of tegmina 6.7 mm., to tip of posterior pro
cess 5.9 mm., width across suprahumerals 4.8 mm., at humerai angles 
2.5 nlnl., at eyes 2.5 mm. 

Fifth ins tar 1lYl1lph.-Closely r~serribling tha t of rhizophagus from which 
it differs in the relative length of pro notal anterior and posterior processes 
and the absence of transverse dark bands on t~biae. General coloration 
reddish bro\'v"n; in some, pale brown; head twice as wide as long, reddish 
brown; vertex planate at base, crap.ial tubercules obsolete, tuberculate 
spines slender and closely arranged, eyes reddish, ocelli fuscous brown, 
as close to eves as from each other and located· on the centro-ocular 
line; rostrum· reaching middle of rnetathorax; prothorax light brown; 
metopidium vertical with spines projecting forwards; anterior extension 
of pronotum blunt, broadly rounded, directed obliquely up",rards; p.ro
notal crest as long as or longer than posterior process which is contiguous 
with nlesonotum and extending over two-thirds of its length; suprahu
meral buds black, moderately developed, with back\vardly directed 
acute tips; tegminal wing pads ~~d~ish brown, extending over 3rd. abdo
minal segment, costal angles dIstInctly demarcated; legs yellOWIsh on 
tibiae, dark bands' absent; abdomen excluding anal tube as long as 
thorax:; arrangenl~nt of dorsal tuqercles and late~al lalnellae as in 
rhizophagus; anal tube dark bro,,yn, as long as rest of abdomen. 

Host plant.-~1 ang~fera indica. 

Holotype female; 8 female and 9 male paratypes, 12 nepionotypes, 
Madras, 4.ix.1965. 
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This species is· nearest to ,·hizophagus from which it .differs in the 
areyish brown coloration, pubescent pronotum, absence of tomentosity 
in the lateral areas of sternum, and in the position of ocelli which are 
located above the centro-ocular line. 

Leptocentrus major n.sp. 

(Text-fig •. 10) 

Fenzale.-Head greyish black, directed obliquely backwards, densely 
pilose with silvery ha.irs; vertex sinuous, eyes chestnut brown; ocelli 
passing through centro-ocular line and closer to eyes than to each other; 
frontoclypeus broadly rounded at free end, extending to two-thirds of 
its length belo,v lower margins of vertex, longly pilose; thorax '\\'ith 
pronotunl coarsely puncta te, bla~k dorsally and cretaceously sericeous 
laterally; metopidium somewhat obumbrant, conve~, slightly wider 
than high; supraocular callosities irregular in shape, prominent, black; 
humeral angles broadly conical, tips subacute, ~parsely pilose; supra
hunleral horns slightly longer than space between their bases, in lateral 
view obliquely directed forwards, then upwards and strongly recurved 
backwards beyond middle; tips acute; as viewed in front,' much 
narrower, widely divergent, dorsal carinae shining black, nearer to 
posterior margin; posterior process robust, obliquely curved immediately 
after its origin from disc, raised well above scutellum, then extending 
horizontally backwards, sinuate beyond nliddle, strongly tricarinate, 
the central carination finely percurrent through metopidium, apical 
region black, acuminate, tip sharp, remote from tegmina; scutellum 
clothed with silvery white hairs, as broad as long, tip emarginate;. teg
mina about three times longer than wide, base coriaceous, costal margin, 
apical limbus and basal sixth dark marooned, rest shaded black, veins 
stout, reddish brown; legs basally black, tibiae brown, tarsi yello\\Tish; 
abdominal sternites uniformly black; ovipositor robust. 

Measurements.-Length from frontal nlargin to tips of tegmina 
9.0 rom., to tip of posterior process 7.0 mm., '\t\,idth across tips of supra
humeral horns 5.9 nlm., at humeral angles 3.2 nlm., at eyes 3.0 mm. 

Male .-Smaller and darker than female; posterior process slender, 
not sinuate; length from frontal margin to tips o~ tegn1ina 7.7 mm., 
to tip of posterior process 6.0 mm., width across tips of suprahumeral 
horns 5.4 mm., at humeral angles 2.4 mm., at eyes 2.3 mm. 

Fifth instaT nymph.-General coloration pale brown; head obliquely 
turned backwards; vertex emarginate at base, cranial tubercules obso·. 
lete; eyes pale white, subglobate, ocelli black, closer to eyes than from 
each other and located above centro-ocular line; thorax slightly shorter 
than abdomen excluding anal tube; arrangement of spines on tubercles 
of thorax similar to that of rhizopkagus; metopidium receding in front 
and curving forwards into pronotal crest, somewhat recurved, ending 
in broadly rounded tip; pronotal posterior process much shorter, conti
guous with mesonotun1, extending to about half of its length; suprahu
meral buds large, tips pointed; wing pads darker than. rest of thorax, 
extending only slightly backwards; costal angles broadly rounded; 
dorsal tuberculate spines of abdominal segments Inore or less erect, each 
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1 

5 

3 

2 

• 70 

Text-fig. 10. Lel)tocentru8 rnajor 11. sp. 

1. Adult female. 2. Frontal view. 3. Dorsal view of pronotum. 4. Frontal 
view of ma.le (right half). 5. Dorsal view of male pronotum (right half). 6. Male 
genitalia. 7. Fifth instar nymph. 7a. AbdominallaterallameUa of fifth instal'. 

24 
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tubercle bearing 4 or 5 spines of varying length; lateral lamellae senli
circular, hearing 9 or 10 slender tubercula te spines besides small, sub .. 
spines; anal tube as long as rest of abdomen, characteristically raised 
and highly eversible. 

Host plant.-Michelia champaca. 

Holotype fenlale; 9 female and 9 male paratypes, 6 nepionotypes, 
~fadras, 8.viii.196B. 

'This species is nearest to bajulans Dist. in the strongly tricarinate 
.posterior process which is ,.veIl remote fronl tegmina; in the black 
coarsely punctate pronotum, strongly centrally carinate recurved long 
suprahumerals and in the black colour of tegnlinal costal margin it 
comes close to lencaspis Walker; it differs fronl both bajulans and ieflcaspis 
in its larger size, tegmina shaded black all over, and the posterior process 
sinuous beyond nliddle. 

Leptocentrus bajulans Distant 

(Text-fig. 11) 

1916. Leptocentrus bajulans Distant., Fauna Brit. India, Append. 6: '55. 

Felnale.-Gcneral coloration black; head thrice as "vide as long;' 
longly pilose with pale white hairs; base of v~rt~x arcuate, sides obli: 
quely sloping down\,yards to clypeus; eyes pInkIsh, subglobate; ocelh .. 
succineous, nearer to eyes than to each other and situated slightly above 
centro-ocular line; frontoclypeus projecting three-fourths of its length 
beyond lower margins of vertex, tip truncate, longly pilose, lateral 
lobes small, distinct; pronotull1 thickly coarsely punctate, with long 
\vhite hairs emerging from punctures; metopidiun vertical, broader 
than high, sparsely hairy, supra ocular callosities oval, bare; humeral 
angles hro\vnish, hairly, broad1y conical, tips blunt; suprahumeral horns 
~trongly tricarinate, vievved from lateral aspe~ts, broad, directed obli
quely outwards and up,vards, their tips strongly recurved and acute; 
anterior carina strong; posterior process slender, arising from posterior 
half of disc, curved at base, remote from scutellull:l and tegmina, strongly 
tricarinate, nledian carina pcrcurrent through metopidium, lateral cari
nae reddish bro\vn, apex acute, passing over the posterior angle of inner 
tegminal margin; scutellum reddish brown, pilose at lateral areas; teg
mina thrice as long as broad, pale bronzy, wrinkled, first apical cell 
nearly eight times longer than broad, basal part slightly dark, coriaceous, 
veins light reddish blown; legs darker upto distal fourth of femora, 
tibiae yellowish, tarsi pale white with black spots. 

Measuremenls.-" Length from frontal margin to tips of tegmina 
6.0 mm., to tip of posterior proce~s 4.8 mm.) width across tips of supra
humer.als 4.0 lnm., at humeral angles 2.0 mm., at eyes 2.2 mnl. 

Male.-Similar to female but darker; pilosity denser; Iiosterior 
process longer, its tip pasging beyond fifth apic::tl cell of tegnlina; termi-
llalia closely resembling that of nzajor. . 
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Text~fig. 11. Leptocent~'u8 bajulatM ~ist.ant 

1. Adult male. 2. Adult female. 3. Dorsal aspect of pronotum of female. 
4. Frontal view of female. 5. Male., genitalia, lateral view. 6. First instar 
nynlph. 7. Second instar. 8. Third in$tBtr f 9. Foqrth instar. 10. Fifth instar. 
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Measurements.-Length froln frontal margin to tips of tegmina 
6.0 mm., to tip of posterior process 5.3 mm., ,vidth across tips of supra
humerals 3.8 mm., at humeral angles 1.8 mm., at eyes 2.0 mm. 

Fifth n..Vlnphal instar.-General coloration leafy green; head highly 
bristled; 2.5 tilne~ \vider than long, inclined back\vards; vertex planate; 
eyes dark bro\vn, ocelli succineous, located slightly above centro-ocular 
line, closer to eyes than to each other; lnetopidiuln slightly convex; 
suprahurnet al buds conspicuously large and directed back,vards; prono
tal anterior process ohliquely extended forwards and up,,,ards, tip hlunt; 
pr:onotal posterior process about half as long as anterior process, extend
ing over three-fourths of length of mesonotum; vving pads large, reach
ing the middle of 3rd abdoluinal segment \vith distinct costal ".ngles; 
abdominal dorsal tuberculate spines much reduced and adpressed to 
body, lateral lamellae semicircular, each \·\'ith 7 to 9 slender spines; 
anal tub~ black at distal one-third, nearly as long ~s rest of abdornen. 

Host plant.-Cllsuarina equisetifnlia 

Material studied.-6 felnales, 4 Inales, 36 nymphal ins tars, Madras, 
4.ix.1967~ 

Leptocentrus leucaspis \'Valker 

(Text-fig. 12) 

185}. Centrotus taurus Walker, List. Hom. ii: 602. 
1858. Leptocentrus leucaspis Walker, List. Hom. Suppl.: 158. 

}1emale.-General colour black; head nearly thrice as broad as long; 
upper margin of vertex strongly arcuate and sinuate, lower margins 
weakly sinua te ; eyes hemispherical) black, directed laterad; ocelli 
slightly closer to eyes than to each other and located just above centro
ocular line; pronotum black, not pilose, strongly pupctate, metopidium 
sOlnewha t convex and vertical, ",rider than high, disc convex; supi·a
ocular callosities large, irregularly rounded; humeral angles dark brown, 
.tips acute; s~prahumeral horns slender, more than two times as long 
as sp_ace between bases, vie'Yed from front oblique1y raised and much 
divergent, tips acute, v-ie\ved from above strongly carinate, flattened, 
obliquely directed back'A'ards, seen from lateral a~pect, raised upw
ards, then out\-vards, tips turned back\·vards; posterior process tri
carinate, dorsal carination percurrent over metopidium, strongly con
ve~.1y recurved from n~ar bAse, achieving its maximunl height above 
scutellum, then nloderately arched, apical fourth inlpinging on tegminal 
inner margin, tip acute, touching the posterior end of .5th apical cell 
or slightly passing beyond it; in some, tip slightly raised; tegmina shin
ing ochraceous, costal margin and apical limbus hlack, base black, 
punctate, coriaceous, first apical cell nearly 7 times longer than wide, 
veins reddish bro\vn;. hind ,vings ~i th 4- a pical cells; SCll tellum black, 
as broad as long, tip broadly ernarginate; basal two-thirds of scutellum 
and lateral areas of C\ternUln cretaceQusly sericeoll!'; legs with tibiae 
yello\vish. 

Measurenzents.--l,ength from frontal margin to tips of tegmina 7.0-
7.6 mm., to tip of posterior proce~s 5.5-6.0 mIn, \vidth across tips of 
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Text-fig. 12. Leptocent1"U8 le'ltcaspis "ralker 

1. Egg-slits on host stem. 2. Bark of twig removed to show t.he egg-slit.s. 
3. An egg-slits cut open. 4. An egg. 5. First instal' nymph. 6. Second instal'. 
7. Third instal'. 8, Fourth instar .. 9. Fifth instal'. 10. Adult female. 11. Head, 
frontal elevation. 12. Pronotum. dorsa.l view. 13. Front. view. 14. Hind wing. 
16. Male genitalia, lateral view. 15a. Rt.el'nal plat.e; b, para..mel'e, c, lateral valve: 
d, aedeagus. 16. Scutellum. 
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suprahunlerals 6.4-7.0 Inm., at humeral angles 2.5-2.7 mm., at eyes 
2.0-2.2 mm. 

Fifth n)'mplzal instar.-General coloration light bro,.yn, in SOIne gre
yish, mottled- with black spots; head'twice as wide as long across eyes; 
base of vertex strongly sinuate, longly pilose; eyes pale white, ocelli 
transparent, closer to eyes than' to each other and located above centro .. 
ocular line; frontoclypeus greyish'white, longly pilose, extending slightly 
beyond lower nlargins of vertex; rostral t~p reaching hind coxae; p~o
thurax nearly as long as pterothorax, speckled with closely arranged" 
short stout spines on the crest, sparsely arranged on lateral aspects; 
pronotal anterior process directed obliquely forwards and upwards with 
broadly rounded tip, nearly two and a half tinles longer than pronotal 
potserior process which extends over basal half of nlesonotum, tip acute; 
tuberculate ~pines on mid dorsal region of pterothorax short and stout; 
suprahumeraul buds small, with blunt tips; mesonotal process short; 
tegminal wing pads greyish bro\-vn, large', costal angles inconspicuous 
and sparsely hairy; abdomen laterally compressed with 9 visible 
segments, the first segment narrow, the ninth one fornling anal tube; 
dorsal tubercles of -abdominal segments suberect, inclined backwards; 
lateral lamellae, of moderate size, crescentic, bordered by 8 or 9 slenc;ler 
spines showing a tendency to fork; anal tube black distally, shorter 
than the combined length of 1-8 segnlents of abdomen; dorsal ro\v of 
spines on anal tube erect and conspicuous. 

flost plants.-Ternzinalia catappo., POllganzia glabra. 

A1aterial studied.-·65 females, 60 males and numerous nymphs, 
Madras, July to October, 1966. 

Leptocentrus varicornis n.sp. 

(Text-fig. 13) 

Female.-General colour greyish brown; head yel10wish bro""n, 
broader than long declivous, arcuate at base of vertex, coarsely punc
tate; frontoc]ypeus greyish \vith black spots, longly pilose, lower nlargin 
extending to one-third of its length beyond vertex; eyes light reddish 
brown, projecting la teral; ocelli black, located above centro-ocular 
line, clos~r to eyes than to each other. Thorax greyi~h black at sides 
shading to blaCK dorsally; me~pidium one and a half tinles wider than 
high; finely punctate, not pilose, supra ocular cano~ities not prominent, 
humeral angles short, tips subacute, suprahulnerals very long\ rather 
slender, widely divergent, not abruptly curved from base, obliquely 
rlirecterl up\vard, tip acute and moderately curved backward, seen 
from abo\tc much flattened, as seen in front much narrower, finely tri
carinate, carinae black, width across tips of suprahum~rals more than 
three times their '\vidth at bases; posterior process slender, reddish 
b.rown, tricarinate, recurved froIrl near hase, widely separated from 
scutellum, extending ~s far back as the 4th apical cell of tegmina, gra
dually acuminate, impinging on tegmina at apex; tegmina subhyaline, 
base punctate and dark bro'\.\7n, veins stout and yellowish brown; hind 
wing with 4 apical cells. l,egs reddish bro,vn, except tarsi ,,,,hich are 
yellowish. Abdomen hlack. 
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Text-fig. 13. Leptocent1't(,8 varic01'ni8 n. sp. 

1. Eggslits on host stem. 2. An egg mass. 3. First instal'. 4. Second 
instar. 5. Third iustar. 6. Fourth instar. 7. Fifth instar. 7a. Abdominal 
latera.l lamella of fifth instar. 8. Adult female. 9. Adult male. 10. Frontal 
view of female. lOa, b, 0 : . Variations in suprahumerals. 11. Frontal view of Inale. 
12. Dorsal aspect of female pronotum. 13. Male genitalia, 
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Aleasure1nents.-Length from frontal margin to tips of tegmina 
6.1 mm., to ti12 of posterior process .5.44· mm., width between tips of 
suprahumeral norns 5.0 mm., bet\t\t"een bases of supra hum era Is 1.5 mm., 
at hunleral angles 2.·4 mm., at eyes 2.·4 mm., le~gth of suprahumera:l 
2.5 mm. 

}YIale.-Slightly snlaller than female; body uniformly yellowish 
bro\vn except abdominal undersurface which is dark brown; eyes 'greyish 
black; metopidium less punctate; sparsely pilose, supraocular callosities 
more distinct; posterior process amb.er brown. 

The species exhibits notable variations with regard to the length 
and angle of inclination_ of suprahumerals, length of horns ranging from 
·2.1 to 2.6 mm., the degree of divergence ranging from nearly horizontal 
to distinctly oblique upturned conditions. 

Fifth nymphal instal' .-General colour ligh t reddish brown. Head 
highly pilose; vertex somewhat convex with basal nlargin planate, cranial 
tu bercules obsolete; ocelli slightly c,loser to eyes than to each other and 
located on c-o-line-; pronotum with vertical metopodium and conspi
cuous suprahumeral buds; pronot~.l anterior proce~s extraordinarily 
long, slightly curved at midd1e and ending in an acute point; spines on 
pronotal process dense; pronotal posterior process short, about one
sixth as long as anterior process, extending over just half the length 
of mesonotum; costal angles of '\Iving pads broadly rounded; dorsal 
t:uberculate spines of thorax and abdomen long, erect or suberect; spines 
on abdominal lateral lamellae 8 or 9 in number, slender and cur-ved 
backwards with distinct subspines. .:\~al tube dark brown, as long 
as the rest of abdomen. 

Host plant.-ZiZ)'/Jllus jujuba. 

Holotype female; 8 fenlale and 9 male paratypes, 18 nepionotypes, 
Madras, 6.viii.1966. 

This species is related to leucaspis Walker and longispinus Distant in 
the presence of very long, slender, divergent, suprahunlerals; it differs 
from both in the smaller size, lighter body coloration, in the highly 
variable suprahumerals and in the less oblique and more straight pos
terior· process; frorn leucaspis it differs in the subhyaline nature of teg
mina \vhich never shows any black shades on costal margin. "rhe 5th 
instar nymph of varicornis is unique in the very long pronotal anterior 
process. 

Leptocentrus taurus Fabricius 

(Text-fig. 14) 

1775. Leptocentrus taurus Fabricius, Syst. Ent. 675. 
1778. Cicada taurus: Goeze, Hemiptera, 2: 147. 
1795. Membracis taurus: Weber, Rhyngota,s 19. 
1798. Membracis rupicapra Fabricius, Syst. Suppl.: 514. 
1803. Centrotus scutellaris Fabricius, Rhyngota,: 19. 
1846. Membracis tricornis Fahirmaire, Soc. Ent. de France, Ann. 4: 511. 
1851. Centrotus terminalis Walker, List Hom., 2: 694. 
1885. Leptobelus scutellaris: Atkinson, J. Asiatic Soc. Bengal, 54: 83. 
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Text-fig. ' 14. Leptocentru8 taurU8 Fabricius 
1. Adult female. 2. Adult male. 3. Frontal view of female. 4.· Frontal 

view of male. 5. Dorsal view of pronotum of female. 6. Dorsal view pronotum of 
male. 7. Male genitalia, lateral view. 8. Twig with egg-slits. 9. First instal'. 
10. Second instar. 11. Third instar. 12. Fourth instar. 13,. Fifth instal'. 

25 
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Female.-General colour black; head three times wider than long, 
greyish black, coarsely punctate, sparsely pilose, basal margin of vertex 
convex, lateral margins obliquely sloping downwards, eyes reddish 
brown, hemispherical; ocelli black, nearer to eyes than to each other 
and situated slightly above centro-ocular line; antennae as long as fron
toclypeus; frontoclypeus slightly convex, thrice as long as broad, with 
three-fourths of its length extending beyond lower margins of vertex, 
tip broadly rounded, longly pilose; lateral lobes distinct, small; prono
tum black, thickly coarsely punctate with closely adpressed pale white 
hairs; metopidium dark reddish brown, vertical, nearly twice as wide 
as high; sll:praocular callosities inconspicuous; humeral angles greyish 
brown, sparsely pilose, tips subacute; suprahumeral horns robust, longer 
than space between their bases, seen in front subhorizontal, much 
narrower and less recurved, as seen from above strongly tricarinate, 
the dorsal carina closer to posterior margin,. as seen from lateral aspect, 
turned slightly upwards and then strongly recurved, tips acute; pos
terior process strongly tricarinate above, abruptly convexly elevated 
from near base, then sub-straight, passing beyond 5th apical cell, apex 
black, impinging on the inner margin of tegmina, central carina per
current through metopidium; tegmina pale bronzy ochraceous, three 
and a half times longer than wide; distal half of costal Inargin black, 
basal sixth opaque, coriaceous and punctate; first apical cell about 
8 times longer than wide; hind wings with 4 apical cells; scutellum as 
broad as long, tip narrowly emarginate; basal part of scutellum and 
lateral areas of sternum cretaceously sericeous; tibiae reddish bro'wn; 
abdomen black beneath. 

Measurements.-Length from frontal margin to tips of tegmina 7 mm., 
to tip of posterior process 5.8-6.6 ~m., width across tips of suprahume
rals 5.0-5.2 mm., at humeral angles 2.4-2.7 mm., at eyes 2.2-2.4 mm. 

Male.-General colour jet black; srrlaller than female; suprahume
rals. nlore strongly recurved. Genitalia, with aedeagus 'U' shaped, 
connective plate of parameres rectangular, lateral valves oblong, twice 
as long as broad, dark brown, process short, nodular, fringed with short 
hairs; apical third of sternal plate forkerl, punctate, longly and densely 
pilose, lobes inconspicuous. -

Measurel1lents.-14ength from frontal nlargin to tips of tegmina 
6.0-6.5 mm., length to tip of posterior process 5.0-5.4 mm., width across 
tips of suprahumerals 4.6-4.8 mm., at humeral angles 2.2-2.4 mm., at 
eyes 2.0-2.2 mm. 

Fifth nymphal instar.-Colour leafy green in life but fading to ochra
ceous in cabinet specimens; vertex of head con\lex, covered with sparse 
bristles, tubercular bases black, rostrum reaching 2nd abdominal seg
ment; base of vertex weakly arcuate without conspicuous cranial tuber
cules; o.celli somewhat projecting, closer io eyes than to each other and 
located above centro-ocular .. line; lower margin of frontoclypeus on 
a line ,vith lower margins of vertex; lobes distinct; pronotum with verti
cal met?pidium; anterior process obliqueJy raised forwards and up
wards, tip narrowly rounded, covered with close~y arranged short tuber
culate spines? posterior process about one-third as long as anterior pro
cess; extendIng backwards over mesonotunl, tip acuminate; supra
humeral buds black at base, moder_a tell' developed; wing pads greenish, 
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marked ~ith ~rown or black dots; abdonlinal segments' slightly teles
coped, tIP raIsed upwards, dorsal tubercles of abdomen short their 
spines adpresserl to body; lateral lamellae with 7 to 10 slender ~pines; 
anal tube about one and a fourth longer than rest of abdomen; genital 
rudiments black or dark brown. 

Host plants.--Acacia arabica, Acacia melano:rylon, Alhi~zia lehhec, Tama
T1~ndus indictls, Capparis sepiaria, <,i~JPhus Jujuba, Erythrina indica, T7ernonia 
czn~rea, Artabotrys odoratissimus, Crataeva religiosa, Ipomea hiloha, Hibiscus 
rosasin'!nsis, Thespesia populnea, Feronia elephantunl, Anacardium occidentale, 
Cyamopsis tetragonoloha, Bauhinia lomentosa, Bauhinia purpurca, (~asuarina 
equisetifolia, Solanum torvum, Solanum melongena, Eranthemum sp. 

}.fa te ria I studied: 85 females, 50 males and nUr11erOUS nymphs, 
l\1adras, on· various dates during the years 1965-68. 

Leptocentrus nigra n.sp. 

(Text-fig. 15) 

Female.-General colour black; head declivo~s, nearly three times 
as \vide as long, fuscous, somewhat densely pilose with long golden 
hairs; vertex shallowly arcuate and sinuate at upper margin, lower 
margins downwardly sloping; frontoclypeus concolorous with vertex, 
densely pilose, extending n10re than two-thirds of its' length beyond 
lower margins of vertex, basal lobes prominent, fringed with long golden 
yellow pilosity; eyes large, globate, reddish brown, n10derately project
ing laterad; ocelli jet black, a littl~ raised, located above centro-ocular 
line; closer to eyes than to each other; pronotum jet black, finely punc
tate, with long suberect golden yellow hairs; lateral and ventral areas 
of sternum cretaceously sericeous; metopidiuni slightly higher than 
wide, vertical, slightly convex; supra ocular callosities conspicuous, 
jet black, bare, somewhat oval, humeral angles prominent and blunt; 
suprahumeral horns black, about one and a halftimes longer than width 
between their bases, as' seen from front broad, subparallel, as seen in 
lateral aspect a little projecting forwards just beyond middle, then obli
quely curved backwards and acuminate; as viewed from above sorne
what flat, basal one-third gently curved forwards and then laterad, 
tip sharp; posterior process stout, black, rising obliquely froln disc, 
achieving its greatest height above middle of scutellum, then extending 
backwards in an almost declivous manner, apical fourth acuminate, 
impinging on inner margins of tegmina, reaching the extremity of 5th 
apical cell, distinctly tricarinate, lateral carinae extending upto middle 
of disc, ventrally posterior face of pronotum vertically raised up, then 
curving caudad into base of posterior proces~, median, carina strongly 
percurrent, finely continued through rnetopidium, scutellum as wide 
as long, basal half cretaceously. sericeous, apex narrowly emarginate; 
tegmina 3.5 times as long as wide, shining bronzy ochraceous, extreme 
base smoky hyaline, distal half of costal margin, tip of 1 st apical cell 
and the adjacent area of apical limbus shaded with black; abdominal 
undersurface black; legs black upto distal ends of tibiae, tarsi brown. 

Measurelnents.-I~ength from frontal margin to tips of tegmina 
7.7 mm., to tip of posterior prucess 6.4 mm., width across tips of supra
humerals 6.0 mm., at hunleral an~les 2.7 mm.~ at eyes 2.S mm, 
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Text-fig. 15. Leptocentrus nigra n. sp. 
1. Twig with egg-slits. 2. First instar nymph. 3. Second instal'. 4. Third 

instar. 5. Fourth instar. 6. Fifth instar. 7. Adult female. 8. Frontal view of 
female. 9. Frontal view of male. 10. Dorsal view of pronotum ~nd sQutelIuIq of 
1ll9tle• ~ 1. porsal view of pronotun,. Stnct scu:teUuxq of feIqale, 
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Male.-Similar to female, but smaller; genitalia similar to taurus. 

Measurements.-Length from frontal margin to tips of tegmina 
7.0 mm., to tip of posterior process 5.9 mm., width across tips of supra
humerals 5.2 mm., at humeral angles 2.5 mm., at eye~ 2.3 mm., 

Fifth instar nymph.-Closely resembling that of taurus, differing in 
the relative length of anal tube to abdonlen and also in the nature of 
pronotal processes. General colour green; head much inclined back
\vards, rostral tip extending to 2nd abdominal segment; head densely 
pilose with long tuberculate bristles, base of vertex nearly truncate; 
eyes reddish brown; ocelli closer to eyes and located on the cen tro
ocular line; thorax: with metopidium vertica~; sprinkled with small 
tuberculate spines; anterior process of pronotum gradually tapering 
to an acute tip, directed forwards and upwards; posterior process extend
ing over the entire length of nlesonotuffi, tip acute; suprahumeral buds 
small, concolorous with nletopidium; abdominal segments somewhat 
attenuated; dorsal tuberculate spines suberect, lateral lamellae crescen
tic, each lamella bordered with 7 to 9 slender spines; anal tube shorter 
than the combined length of abdominal segn1ents 1-8. 

L. nigra comes nearest to taurus from which it differs in the jet black 
colour, denser pilosity, in the nature of the metopidium which is higher 
than wide, the strongly abruptly elevated base of posterior process which 
never extend~ beyond the 5th apical cell of tegmina. 

110st plant. - Ph.,yllanthus sp. 

Holotype female; 15 female, 6 .male paratypes, 10 nepionotypes, 
Madras, 10.v.1968. 

Leptocentrus bauhiniae n.sp. 

(Text-fig. 16) 

Female. -General colour dark brown. Head nearly thrice as "vide 
as long, vertex arcuate, declivous, finely punctate, black, with more or 
less closely arranged suberect yellowish hairs; eyes reddish brown with 
shades of black at centre, ocelli located above centro-ocular line, closer 
to eyes than to each other; frontoclypeus declivous, with yellow pilosity, 
extending nearly two-thirds of its length belo\v lower margins of vertex, 
tip rounded, basal lobes not prominent. Pronotum black, finely punc
tate, with more or les'S recumbent yellowish pilosity, nletopidium verti
cal, wider than high, supraocular callosities bare, distinct, humeral 
angles prominent, tips blunt; suprahumeral horns black, sparsely 
pilose, strongly quadricarina te, carinae jet black as viewed in lateral 
aspect slightly projecting forwa~d, as viewed in front, extending out
wards and gently curved backwards, as viewed from above, much 
broader with acute tips. Posterior process punctate at base, black, 
rising well above disc., gradually sloping backwards achieving its maxi
mum height above posterior enq. of scutelluln, somewhat straight upto 
half of its length, then slightly declivous, apical fourth tapering, reaching 
almost the extremity of 4·th apical cell of tegmina but never impinging 
on inner angles of the same, tip sharp; median carina percu;rent, conti
nued through metopidiu1n as a fine streak; teg-mina three tlIr~es as long 
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Text-fig. 16. Leptocentr'U8 ba'Uhiniae n. ap. 
I. Egg-slits on host stem. 2. Egg slit out open. 3. First instar. 4. Second 

instar. 5. Third instar. 6. Fourt.h instar. 7. Fifth instar, male. 8. Fifth instar, 
female. _ 9. Adult female. lOa, Frontal view of female. lOb, Frontal view of male. 
l1a. Dorsal aspect (left half) of pronotum of male. lIb. DQr$s,l aspect (left half) of 
pronotum of ~ale. l2, Male ~enita1ia~ late raJ view, 
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as broad, shining, pale bronzy ochraceous, apex of costal margin snloky 
black, base somewhat black, coriaceous and punctate; scutellum nearly 
as long as broad at base, white tomentose at hasal half; coxae, trochan
ters and proximal three-fourths of femora black, rest of femora and 
ti~iae castaneous, tarsi yello,vish brown; abdomen black, sparsely 
pilose. 

Measurements.-Length froni frontal margin to tips of tegmina 
6.2 mm., to tip of posterior process 5.75 mm., width across tips of supra
humerals 5.0 mm., at humeral angles 2.6 mm., at eyes 2.5 mm. 

At/ale.-Similar to female but slightly smaller; genitalia sinlilar to 
tauru), but with lateral valves narrowly rounded at base, widest at one .. 
third the distance from base, process short, not con~picuously demar .. 
cated from main body, fringed with short hairs; sternal plates forked 
slightly more than half of its lengt~, forked ends divergent. 

Measurements.-Length from frontal margin to tips of tegmina 
6.0 mm., to tip of posterior process 5.5 mm., ,vidth across tips of supra
humerals 4.5 mm., at hunleral angles 2.4 mnle, at eyes 2.2 mm. 

Fifth instar nymph.-Similar to that of bajulans in the general colora
tion but differing in the relative lengths of pro notal processes, very small 
suprahunleral buds and suberect abdominal dorsal tuberculate spines 
which are not adpressed to body. Head sparsely pilose with short 
bristles, vertex slightly sinuate, eyes pronlinently reddish brown; ocelli 
closer to eyes and located along the centro-ocular line; metopidium 
obliquely extending forwards and produced as anterior crest which is 
nearly horizontal and slightly inclined do Nnwards; pronotal posterior 
process less than half as long as anterior process; suprahumeral buds 
very small and inconspicuous, dorsal tuberculate spines of abdomen 
prominent, suberect, inclined backwards; lateral lamellae typical to 
genus, semicircular, 8 or 9 spines bordering each lamella, subspines 
inconspicuous; anai tube as long as rest of abdonlen; genitalic rudiments 
prominent, sternal plate black. 

Sexual dimorphism is found in the 5th instar nymphs of this specie~. 
While the above description applies to the female, the male differs in 
the peculiar disposition of the pronotal anterior process which is obli
quely directed upwards and forwards, the suprahumeral buds very 
inconspicuous, the abdominal tip raised upwards and the genital rudi
ments distinct fronl those of female. 

Host" plant.-Bauhinia tomentosa. 
Holotype female; allotype male, para type 7.5 feruales, 35 males, 20 

nepionotypes, Madras, August to l'Tovember, 1968. 
The species is nearest to ~aurus, but differing in the nature of the pos

terior process the distal fourth of which is straight and aculTlinate, its 
tip never itnpinging on the inner angles of tegmina. 

Leptocentrus moringae n.sp. 

(Text-fig. 17) 

Fel1zale.-General colour greyish brovvn; head declivous, nearly 
3 ti~es broader than long, vertex broadly convex at base, greyish \vhite, 
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Textt-fig. 17. Leptocentru8 moringae n. sp. 

1. Egg slits on host stem. 2. First instar. 3. Second instar. 4. Third instal" 
5. Fourth instar. 6. Fifth instar. 7. Adult female. 8. Frontal view. 9. Dorsal 
viow of pronotum. 10. Tegmina. 11. Hind wing. 12. Male genitalia, lateral view. 
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with 'Sea ttere? pilosity;. eyes scarlet brown, globose, projecting slightly 
laterad, ocellI black, nearer to eyes than to each other and located dis
tinct~y 'a"bove the c~ntro-oc~llar line; frontoclypeus densely pilose, ex .. 
tendIng ovtt.r two-t~Irds '~f Its length beyond,l<?wer marg"ins of'vertex, 
b~sallobes InconspIcuoUS, vvhitish tom~ntose, free end broadly rounded; 
pronotum greyish dorsally; 1ateral areas of sternum and basal half 9 f 
s·cutellum cretaceously sericeous; metopidium slightly broader than 
high, greyish with sparsely distributed ·hair~, convex and slightly obum
brant; supra ocular callositie~ ""not prominent; humeral angles moderate, 
broadly conical, tips subacute; suprahumerals shorter than width 
betwee~ ·t~eir bases, as seen in front slender, horizontal, directed out
wards, gradually taperipg, tips acute, carinae chestnut brown, as seen 
fronl above gradually arched backwards beyond middle, vie\lved from 
lateral aspect distal one-third qf suprahumerals directed backwards, 
lateral carinae fine; posterior pronotal process slender, tricarinate, 
slightly l'aised from disc and obliquely arched" to the tip, apex acute, 
impinging on inner tegminal Inargins, reaching upto the~ 4th apical cell; 
tegmina nearly 3 times longer than \vide, hyaline e,,:cept at apical fourth 
of costal margin which is fuscous, basal part son1ewha t darker and coria.
ceous; abdomen greyish above, lower surface sparingly cretaceously 
sericeous; ovipositor dark hrown; tibiae reddish brown, tarsi light 
yellow. 

Measurements.-Length from frontal margin to tips of tegmina 
6.~ mm., to tip of posterior process 5.6,rnnl., length of suprahumeral 
1.5 mm.,. w'idth across tip<3 of supra.humerals 4.5 mm., at humeral angles 
2.5 mrn., at eyes 2.4 mm. 

Male.-Similar to female. Length frum frontal Inargin to tips of 
tegmina 6.2 D1m., to tip of posterior process 5.3 mnl., length of horn 
1.4 mm., width across tips of supra hum era Is 4.5 mm., at hunleral angles 
2.4 mnl.,. at -eyes 2.2 mm. 

Fifth nY1Jlphal instar.-Resernbling major in the shape of the pronotal 
crest, but differing in the smaller size and Inuch longer anal' tube. 
General colour deep green; head obliquely directed caudad; vertex 
strongly sinuous with much reduced cranial tubercules; base of tuber
culate spines dark-bro""n; spines on upper margin of vertex closely 
arranged; eyes reddish brown; ocelli dull white, inconspicuous, equid is .. 
tan t to ea.ch other" and froni eyes, loca ted on the centro-ocular line; 
frontoclypeus extending a little below the lower margins of vertex; 
antennae as long as width of frontoclypeus; pronotum, with metopidiulll 
as high as long, slightly receding in front and curving ~orwards and 
upwards to form the anterior extension of pronotal crest~ ending in a 
broadly rounded tip with thickly arranged spines; pronotal posterior 
prucess half as long as anterior process, extending over three-fourths of 
the length of mesonotum; suprahumeral buds moderate, dark brown 
at base; mesonotal process extending backwards over the entire length 
of metanotum; wing pads green with brown dots, faintly revealing the 
imaginal veins, costal angles not distinct; abdonlinal segments 1-8 
sOInewhat telescoped, slightly exceeding two-thirds" of thslength of anal 
tube; dorsal tubercles dark-brown, longer spines suberect, smaller ones 
adpressed to body; lateral lamellae with 7 or 8 slender spines; anal 
tube very long, nluch longer than rest of abdomen. 

26 
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flost plant.-.1.'vforinga lnoringa. 

Holotype female; 32 female and 19 nlales para types, 20 nepiono
types, Madras, 20.x.196 7. 

'fhis species is allied to obortus Distant in the nature of suprahumerals 
which are horizon41l, obliquely narro\ved with tips acute and carinate, 
the black costal area and the white tomentose lateral areas of sternum, 
but rliffering in the coloration of body, in the suprahumerals which 
are never directed upwards, and the cretaceously sericeous nature of 
the abdominal sternites. 

Key to species of Leptocentrus S tal based on Fifth instar nymphs 

1 (9) Anterior process of pronotum broadly rounded with obtuse tip. 
2 (7) Length of abdominal segments 1-8 equal or almost equal to length of 

anal tube. 
3 (6) Body light reddish brown; anal tube as long as the rest of abdomen. 
4 (5) Pronotal anterior process shorter than posterior process; tibiae banded. 

. . . • . . .rhizophagus n.sp. 
5 (4) 

6 (3) 

7 (8) 

8 (7) 

9 (1) 

Pronotal anterior process as long as or longer than posterior process; 
tibiae not banded.. .mangiferae n.sp. 
Body pale brown; pronotal anterior process one and a half times as 
long as posterior process.. . major n.sp. 
Length of abdominal segments 1-8 greater than length of anal tube; 
anterior pronotal process two and a half times as long as posterior 
process; tuberculated spines on abdominal lateral lamellae slender with 
tendency for branching.. .leucaspis Walker. 
Length of abdominal segments 1-8 less than length of anal tube; 
anterior pronotal process twice as long as posterior process; tegminal 
venation distinct.. . moringae n.sp. 
Anterior process of pronotum gradually tapering to an acute or sub
acute tip. 

10(15) Length of abdominal segments 1-8 equal or almost equal to length of 
anal tube. 

11 ( 14) Body coloured leafy green; moderately hairy; dorsal tuberculated 
spines of abdomen inclined backwards, often adpressed to the body. 

12 (13) Pronotal anterior process twice as long as posterior process; supra
humeral buds well developed; ·dorsal tuberculated spines of abdomen 
adpressed to body.. . . .. bajulans Dist. 

13(12) Pronotal anterior process more than twice as long as posterior process; 
suprahumeral buds short and inconspicuous; dorsal tuberculate spines 
of abdomen inclined backwards. . bauhiniae n.sp. 

14(11) Body coloured light reddish brown; densely hairy; dorsal tuberculate 
spines of thorax: and abdomen long and erect Qr suberect; pronotal 
anterior process nearly six times as long as posterior process, tip 
acute; spines on abdominal lateral lamellae slender and curved back 
wards. . . varicomis n.sp. 

15(16) Length of abdominal segments 1-8 distinctly longer than anal tube; 
pr0!l0tal anterio! process nearly one and a third times as long as pos
terIor process. mgra n.sp. 

1"6(15) Length of abdominal segments 1-8 about three-fourths the length of 
a~al tube; pronotal anterior process nearly 3 times as long as poste
rIor process. taurus Fabr. 
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Genus Telingana Distant 

(Type of the genus Leptobelus (ufl'ispiIlUS Stla) 

1869. Leptobelus St:l, Dlv. Vet.- Ak. Forh. 284. 

1908. Telingana Distant, Fauna Brit. India, 4: 17. 

Head vertical, two and a half to three times \vider than long, upper 
margin of vertex slightly arcuate; eyes st~bgl()bate; ocelli closer to eyes 
than. to each o~her and located on or ahove c-.J-line; frontoclypeus ex
tendIng two-thlrd~ to three-fourths of its length below lower margins 
of vertex, tip broadly round~rl, frontoclypeal lobes entirely fused; disc 
of pronotum not or slightly elevated; metopidium one and a half to 
t\VO times wider than high; hun1eral angles prominent and blunt; supra
hunleral horns variable; posterior procesr slender, tricarinate, emerging 
from posterior half of pronotum, moderately arcuate, distant from scu
tellum and tegm1na, extending beyond apex of clavus, usually in1pinging 
on tegminal inner margins; scutellum much longer than broad, apex 
deeply excavated, tip acute; tegmina three tinies longer than wide, 
without pterostignla, with five apical cells, the first ~pical cell three to 
five times longer than broad; hind ,\lings wi1h four apical cells. Male 
genitalia almost similar to t!,at of Le/Jtocentrus, but differing in the lateral 
valves with the process very long and un~hitiniserl. 

Telillgana nigroalata n.sp. 

(Text-fig. 18) 

Felnale.-General colour pitch black; head vertical, about 2.3 times 
as ,vide as long, black, lightly shaded to dark brown on genae, finely 
punctate with very short adpressed silvery ,.yhite hairs; upper margin 
of vertex- sinuate and weakly concave, lower margins broadly rounded 
at lateral angles; eyes black or dark bro,vn, subglobate, ocelli black, 
somewhat elevated, slightly closer to eyes than to each other and located 
well above centro-ocular .line; frontoclypeus nearlyr homboidal with 
two-thirds of its length extending- below lower margins of vertex, lateral 
lobes entirely fused, tip obtusely rounded, fringed ",tith pale white hairs. 
Pronotum- shining hlack ",,-ith shades of dark brown, thickly coarsely 
punctate, with rather spJ.rse short adpressed silvery white h~irs; uleta
pidiunl almost vertical, twice as high as wide; supraocular callosities 
congpicuouc;;, pitch black, bare; humeral angles concalorous with disc, 
tips blunt; disc convex at: middle, distinctly punctate and sparsely hairy; 
supra humeral horn~ shorter than intervenin~ space, as seen from above 
slender, c\lrved, weakly carinate just behind mi~dle, apices acute, as 
viewed in front slender, long, gently recurved with strong carinae, as 
vie\ved laterally slightly directed -upwards, then outwards \vith acute 
tips curved back\vards; posterior process slender, curved and slightly 
elevated at base, remote froin scutellum, declivous, slightly sinuate at 
middle, apex nearly acute, almost touching tegn1ina· near posterior 
angle of inner margin but not impinging on them, tricarinate, dorsal 
carina strongly percurrent through pronotunl. Tegmina 3 tinlec: longer 
than wide, with apical area shining ochraceous, subapical area some
what stramineous, basal sixth black fl,nd coriaceous, the whole of co~tal 
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Tex;t-fig. 18. Telingana nig?'oalata n. sp. 
i. Adult female. 2. Adult. male. 3. Tegmina of female. 4. Frontal VIew 

of female. 5. Frontal view of male. 6. Hind wing. 7. Dorsal view of pronotuI;n 
of femftle. 8. Dorsal view of pronotum of male. 9. Scutellum. 10. Male ternjj .. 
naHa, lateral viE'w. 
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margin, subcostal and basa.l areas, half of 2nd discoidal cel], and claval 
area jet black and strongly punctate, veins pale bro"vn ,,,,ith the excep
tion of RI, R2+3, R4+5, rs and 3rd anal cell which are black and 
finely puncta t~; hind wings with four apical cells; scutellunl black ex
cept at bases, longer than ,,,,"ide, tip deeply excavated, lateral areas 
coarsely punctate; lateral margins of pronotum, sternum and dorso
lateral areas of scutellum cretaceously sericeous; legs \vith coxae, tro
chanters, and femora jet black, tibiae of first and second pairs of legs 
more or less dark ochraceolls, posteriur tibiae very light hro\vn, tarsi 
of all legs light brown. ~-\bdomen black, ovipositor dark reddish brown. 

Measurernents.-Length from frontal margin to tips of tegmina 
6.75 mm., to tip of posterior process 5.50 mm., width across tips of supra .. 
humeral horns 3.9 mm., at hunleral angles 2.5 mm., at eyes 2.0 mm. 

Male.-Smaller; similar to female in general colour; suprahumeral 
horns ~horter, directed lllore prominently upward~~ slightly recurved 
with tips turned backwards; metopidium one and a half times as high 
as wide; posterior process not sinuate, obliquely directed back,,yarns; 
its tip reaching the middle of fifth apical cell of tegmina; coloration of 
legs as in fenlale . 

... ~{easllrements.--l .. ength from anterior pronotal margin to tips of 
tegmina 5.9 mm., to tip of posterior process 4.9 mm., width across tips 
of suprahumeral horns 2.7 mm., at humeral angles 2.3 mnl., at eyes 
1.75 mm. 

/' 

:F'ifth instar lIynzph.--General coloration light green with shades of 
grey; Jegs ",rith tibiae greyish brown; head inclined backwards, rostrum 
reaching metasternite; cranial tubercules obsolete; eyes prominent, 
black, ocelli obscure; length of thorax Inore or less equal to abdonlen 
excluding anal tube; pronotal anterior process obliquely directed for
wards, tip blunt, tuberculate spines on prono'tal crest very short; po~te .. 
rior process short, about one-fifth as long as anterior process; suprahu
meral buds prominent, dark brown, mesonotal process extending over 
basal half of metanotum ~ wing pads well developed reaching up to third 
abdominal segrnent, costal angles well denlarcated; abdominal dorsal 
tubercles \vith their spines much reduced; latero-dorsal tubercles turned 
caudad; anal tube about one-fifth of the total body length and almost 
equal to the combined length of the four preceding segrnen ts. 

Host plants .-.Agapanthus ul1lbellatus. 
Holotype fenlale; 205 fenlale and 25 male paratypes, many nymphal' 

in~tars, Kodaikanal, Madras, 16. vi. 1968. 

rrhi~ species is very close to t'urvispina (Stal), differing in the tegminal 
coloration and the black finely punctate nature of RI, R2+3, R4+5 
and 2nrl discoidal cell. 

Telingana consobrina Distant 

(Text-fig. 19) 

1916. Distant, Fauna Brit. India, Append. 6: 152. 

Distant's (1916) description and figures agree ,veIl to the ~ales of 
this strikingly dimorphic species,. t~e f~nla~es closely res~nlbhng T 
nigroa/ata. A morc detailed descrIptIon IS gIven below. 
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Text-fig. 19. Telingana consobrina Distant 

"I. Adult male. 2. Adult female. 3. Dorsal view of pronotum of male. 4. 
Dorsal view of pronotum of female. 5. Frontal view of ·male. 6. Frontal of 
female. 7. Tegmina of male. 8. Scutellum of female. 9. Male termina1io" 
lateral vie,v. 

Male.-General colour black. Head nearly vertical, about thrice 
as wide as long, finely punctate, with short silvery hairs; upper Inargin 
of vertex sinuate, lower margins broadly rounded; eye') dark brown, 
ocelli shining white, nearer to eyes tha~ fronl each other, located above 
c-o-line, frontoclypeus parallel sided, with tvvo-thirds of its length ex
tending below lo",'er In(Jrgins of vertex, lateral lobes entirely fused, tip 
broadly rounded. Pronotum black, often shaded to dark bro\vn, coarse
ly punctate with sparsely distributed short ",rhitish hairs; rnetopidium 
wider than high; strongly convex: and obliquely extending backwards; 
humeral angles short, blunt, never projecting laterad beyond eyes; 
suprahumeral horns arising from about middle of disc, -shorter than 
width between their bases, viewed from above short, slender, directed 
outwards and a 1ittle back'\vards, viewed from front much narrower, 
tips acute, di:'ected slightly upwards. Posterior process obliquely 
raised frorn disc, very slender, tricarinate, tip acuminate ilnpinging 
on tegmina, reaching the middle of 5th apical cell of tegmina, median 
carina strongly perCllrrent throughout metopidium, Tegnlina hyaline, 
three times longer than wide, basal sixth coriaceous and ochraceous, 
veins reddish brovvn, apical veins darker, five apical cells and one dis-
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coidal cell, first apical cell three times longer than wide, apical limbus 
narrow. Scutellum nearly one and three-fourths as long as wide, 
coarsely punctate; lateral areas of pronotum, sternunl and basal lateral 
parts of scutellum cretaceously sericeous. Abdomen black beneath, 
dark ochraceous bro,.yn above. 

Measurements.-Length fronl frontal margin to tips of tegmina 
4.8 mm., to tip of posterior process 3.6 mm., \vidth across tips of supra ... 
humeral horns 2.0 mm., at humera1 angles 1.7 mm., at eyes 1.8 mm. 

Fenlale.-General colour black; head about 2.5 times \vider than 
long, punctate with silvery pilosity, base of vertex sinuate, lower margins 
very slightly rounded, eyes dark brown; ocelli black, closer to eyes than 
to each other and located slightly above centro-ocular line; frontocly
peus slightly convex, about two-thirds of its length extending below 
lower margins of vertex, lateral lobes fused, tip obtusely rounded, fringed 
with short whitish hairs. Pronotum black, shining, closely punctate, 
hairy; metopidiunl nearly vertical, supra ocular callosities small but 
distinct, humeral angles short, not extending beyond eyes laterally, 
tips subacute; suprahunleral horns seen from above slender, shorter than 
the space beh.veen bases, directed outwards and backwards, apices 
acute; vosterior process arising froDl hind end of disc, slightly sinuate 
beyond middle, turned do\vnwards, passing over the entire length of 
5th apical cell of tegmina. Tegl11ina shining ochraceous, a little more 
than three tinles longer than wide, basal fourth jet black and finely 
punctate, whole of costal niargin, subcostal, basal and claval areas, basal 
three-fourths of 1st apical cell and veins bordering 1st discoidal cell jet 
black and finely punctate, 1st discoidal cell petiolate, 1st apical cell 
about three and a half tirnes longer than wide; lateral areas of prono
tUril and sternunl cretaceously sericeous. Legs fuscous upto base of 
tipiae, rest ochraceous; hind tibiae light brown. .t\bdomen black 
beneath, shaded to dark brown dorsally. 

Measurements.-Length from frontal rnargin to tips of tegmina 
6.4 mm., to tip of posterior process 5.3 nun., width across tips of supra
humeral horns 2.9 mm., at humeral angles 2.5 mnl., at eyes 1.8 mm. 

Fifth instar l!)Jmplt.-·-Similar to the 5th instar of nigroalata, but smaller. 
General colour deep green; cranial tubercules distinct, small; ocelli 
invisible; tip of rostrum extending upto 2nd abdonlinal segrnent; thora
cic tubercles short, each terminating in a stout spine; pronotal anterior 
process directed for,.yards, its tip broa.dly rounded; suprahumeral buds 
distinct; posterior process extending over basal of metanotum; 
coC)tal an~les of wing pads not distinctly demarcated; abdominal dorsal 
tubercles and lateral lamellae similar to those of nigroalata. Anal tube 
one-fifth of the total length of body·. 

The fifth instar of cnnsobrina differs fronl that of nigroalata chiefly in 
the much reduced pronotal posterior process and in the nature of costal 
angles of tegtninal ,,,ring pads which are not distinctly demarcated. 

" 
Host plant.--Aspidiurn sp. 

Material studied: 10 fen\ales, 3 males and 12 nymphs, Kndaikanal, 
Madras, 16.vi.1967. 
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Genus Otinotus Buckton 

(Type of genus Otinotu.)' amnion Buckton) 

1-903. Otinotus Buckton, Mon. Memb., 232, 269. 
1927. Convector Fuankhouser, Gen. Cat. Hom. Fasc. 1: 348. 

Head wider than long, upper nlargin of vertex shaJlow~y arcuate 
and weakly sinuate, lower margins slightly oblique to frontoclypeus and 
weakly rounded or sinuate; ocelli nearly equidistant from each other 
and from eyes and located on the centro-ocular line or slightly above 
it; frontoclypeus about twice as long as wide, its lobes short; pronotum 
nloderately high metopidiunl convex, humeral angles prominent; 
median carina percurrent; suprahun1eral ,horns short or long, spatulate 
or subtriangular, tips acute or obliquely truncate, tricarinate or quadri .. 
cari,nate; posterior process emerging dorsally horizontally from behind 
disc and ventrally from posterior margin, tricarinate, weakly undulate 
and contiguous with or very close to :-:cutel1um and tegnlina; scutellum 
triangular, ,,'ider than long, tip concavely emarginate; tegmina about 
three tinles as long as wide, without pterostigma, with five apical and 
t,vo discoidal cellI), the first apical cell four to eight times as long as its 
greatest width; hind wings with 4 apical cells. 

Key to species 

1(4) Suprahumerals unicarinate above, tips acute; tegmina not pubescent, 
second discoidal cell slightly longer than first discodial cell; male 
genitalia, with' process of lateral valve rudimentary; ocelli· located 
above c-o-l. 

2(3) Piceous brown; suprahumerals directed obliquely forward; tegmina 
pale testaceous hyaline, base without a white spot, first apical cell 7 
times longer than wide; tip of posterior process extending far beyond 
fifth apical cell. .oneratus (Walker). 

3(2) Castaneous brown; suprahumerals subhorizontal, tegmina shining 
ochraceous, base enclosing a large white spot, first apical cell four and 
half times as long as wide; tip of -posterior process never extending 
beyond fifth apical cell. . mimicus Distant. 

4( 1) Suprahumerals bicarinate above, tips obliquely truncate; tegmina 
ferruginous, pubescent, second discoidal cell twice or more as long as 
1st discoidal cell; malegenitalia, with process of lateral valve long 
and prominent; ocelli located on c-o-l. 

5(6) Suprahumerals subhorizontal, as long as space between bases .. indicatus 
(Melichar) . 

6(5) Suprahumerals directed obliquely lorward, slightly longer than space 
between bases. . .obliquus n.sp. 

Otinotus oneratu!!t (Walker) 

(Text-fig. 20) 

1858. Centrotus oneratus Walker, Ins. Saund. Hom.: 78. 

1869. Centrob'Pus onerat;lS: St~l, Ojv. Vry.-Ak. Forn.: 256. 
1903. Oxyrhachis ligllicola Buckton, Monogr. Membr.: 261. 
1908. Otinotus oneratus: Distant, Fauna Brit. India, 4: 40. 
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Text .. fig. 20. Ot-inotu8 oneratf,(,8 (Walker) 

1. Egg masses on host stem. 2. An egg mass. 3. First instar nymph, lateral 
view. 3a. First instar nymph, dorsal view. 4~ Second instar, lateral view. 4a. 
Second instar, dorsal view. 5. Third instar, lateral view. 580. Third instar, dorsal 
view. 6. Fourth instar, lateral view. 6a. Fourth instar, dor~al view. 7. Fifth 
instar, lateral view. 780. Fifth instar, dorsal view. 8. Adult. female. 9. Frontal 
view of female. 10. Dorsal view of pronotum. 1.1. Tegmina. 12. Hind ,ving. 
13. Male terminalia, lateral view. 

27 
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Felnale.-General colour castaneous brown, varying to brownish 
ochraceolls in sonle specinlens; head finely punctate, greyish pilose, 
nearly thrice as wide across extremities of eyes as length of vertex; vertex 
nearly twice as wide as long, base of vertex shallowly arcuate, lower 
margins oblique to frontoclypeus; eyes hemispherical, reddish brown; 
ocelli a little elevated, alnlost equidistant from each other and from 
eyes and located just above centro-ocular line; frontoclypeus twice 
as long as wide, sides parallel, distal half pr~jecting beyond lower mar
p-'ins of vertex, tip truncate, longly pilose, basal lobes small, indistinct; 
pronotum dark broVv'n, with short adpressea hairs; nletopidium slightly 
convex, twice as wide as high, hunleral angles broadly conical, tips 
obtuse, posterior angles rounded; supraocular callosities black, bare; 
suprahumeral horns longer than space between bases, vie\ved from 
ahove centrally carinate, flattened, basal areas of horns darker, thickly 
pilose, viewed from front appearing slender, gradually narrowing from 
base to apex, turned outwards and obliquely forwards, tips slightly 
recurved; posterior process slender, gradually narrowing from base 
to apex, turned outwards arising frorn posterior margin of disc, tricari
nate, weakly sinuate, abnost contiguous with scutelluln and impinging 
on inner margins of tegmina, in some specimens posterior half slightly 
elevated over tegmina, apex sharp and extending beyond fifth apical 
cell of tegrllina; dorsal carina of posterior process strongly percurrent 
through metopidium, lateral carinae '\veak; tegmina thrice as long as 
wide, pale semi-hyaline, bRsal sixth opaque and punctate, first apical 
cell seven times longer than its greatest width, second discoidal cell 
slightly longer than first discoirlal cell; hind ,.yings ",,-ith four apical cells; 
scutellunl slightly broader than ",dde, tip emarginate, apices acute; 
lateral areas of scutellum and sternum cretaccously sericeous; abdomen 
dark brown; legs dark brown upto distal half of fen1ora, tibiae light 
brown, tarsi pale white. 

Measuremellts.-Length from frontal margin to tips of tegmina 5.5-
7.0 mm., to tip of posterior process 5.0-6.3 mnl., width across tips of 
suprahumerals 2.9-3.5 nlD1-, at humeral angles 2.2-2.4 mm., at eyes 
2.0-2.2 111m. 

Male.-Smaller; general coloration greyish brown; suprahumeral 
,horns longer, rnore divergent, apical region more strongly recurved, 
tips acute; abdomen slender and gradually tapering; genitalia., with 
sternal plate forked at distal half, lobes distinct, base nearly twice as 
broad as tip; aedeagus U-shaped, tip obtusely rounded, inner margin 
strongly 8erra te, the teeth arranged in 4· rows; lateral valves 9blong, 
about].75 times longer than broad, process reduced to a short strongly 
chitinised stump; parameres similar to those of Leptocentrus. 

F~fth instar nyrnjJlL.-Body laterally. compressed; general coloration 
reddi~h-hrown, but variable, rarely light green; head concealed fronl 
above by pronotal process, twice as wide as long, base of vertex sinuate, 
cranial tubercules obsolete; ocelli closer to eyes than to each other and 
located slightly above centro-ocular line; rostral tip extending a little 
beyond middle of nletathorax; metopidium receding, then curving 
for\·vards into the pronotal crest; pronotal posterior process tricarinate, 
emerging from base of crest; and extending over three-fourths the length 
of m.esonotum, median carina percurrent through anterior process 
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which is short, about one-fourth as long as posterior process; suprahurne
ra .. buds marked ?ff as rounded prolninences; ~esonotum suhquadrate, 
wIng pads extendIng backwards upto the posterIor maro"in of 2nd abdo ... 
minal segnlent; costal angles obtuse; abdorninal tergit~s sparsely hairy, 
anal segment about one-fourth as long as body, with closely set bristles· 
genital rudinlcnts distinct in both sexes. #) 

H.0~t plants ,-.P!,osopi! spic~gera, Acacia arabic~, c.est~·um diurnum, Zi{y .. 
pilus JUJuba, Bauhznza vaTlegata, B. purpurea, Er..ytlztzna zndzca, Cappa1"is sepiaria, 
Cassia angustifolia, Gassia fistula, Cassia rnarginata, Caesalpinia pulcherrim/.l, 
C. corillrill, Peltophorunl sp., Psidiunl guajava, Tamarindus in dicus, Pongamia 
glabra, Butea frondosa, Enterolobiuln saman, Pithecolobium dulce, Aegle nzar .. 
1nelos, Feronia elephantum, .. o/forinda tinctoria, M. citrifolia, Moringa rnoringa, 
Thespesia populneu, Sesbania grandijlora, Lagerstro['niia flosreginae, Term in alia 
catappa, Lawsonia alba, Grotalaria sp., Solanunz torvuln, C'asuarina equisetifolia, 
Prop roots of Fiscus bengalellsis. . 

.. "A.laterial studied.-170 females, 80 nlales and nUlueroqs nymphs 
of all stages, l\1adras, different dates during the years 1964-67. 

Otinotus mimicus Distant 

(Text-fig. 21) 

1916. Otinotus mimicus Distant, Fauna Brit. India, Append. 6: 159. 

FeriZale.-General coloration dark reddish brown; head dark bro,,yn, 
slightly declivous, about 3.5 times wider than long, very finely punctate 
with short adpressed shining white hairs, upper margin almost planate, 
lower margins obliquely sloping to- frontoclypeus; eyes dull white, sub
globate, ocelli pale ,vhite, alnlost equidistant fronl each other and from 
eyes, and located slight1y above centro-ocular line; frontoclypeus extend
ing about three-fourths its length below lo,ver margins' of vertex, 
distinctly lobate at base, tip broadly rounded and sparsely pilose ,vith 
short adpressed silvery hairs-; nledian carina moderately percurrent; 
nletopidium nearly hvice as ,vide as high, frontal nlargin not obumbrant; 
supra ocular callosities impunctate, rather inconspicuous; humeral 
angles pronlinent with tips blunt; suprahumeral horns short and stout, 
much shorter than space between their bases, seen from front directed 
outwards and sl!ghtly upwards, terminal region curving a little back
wards, anterior carina strongly backwardly curved, apex sharply acute, 
seen from above dorsal carina ,veak; posterior process slender, arising 
from posterior Inargin of pronotuln, slightly raised above base of scutel .. 
lunl, directed back,¥ards, sinuate, apically acu7"ninate, contiguous with 
inner margins of tegmina, tip sharp and extending along approximately 
two-thirds of the length of fifth apical cell; scutellum triangular, dark 
reddish bro",·n with a pronlinent white spot in each basal angle, \vider 
than long, tip enlarginate, apices acute; tegmina nearly three tinles 
as long as wide, pale shining ochraceous, basal region dark brown, 
coriaceous and punctate enclosing a large ",,·hite spot, veins yel10wish 
bro",rn, apical lilnbus narrow, first apical cell about 4.5 times longer 
than wide; hind wings with four apical cells; l~t~ral areas ?f sternum 
with confluent white spots; legs dark brown? tibIae yellowIsh brown> 
tarsi with black dots, . 
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Text-fig. 21. Otinotu8 mimicu8 Distant 
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1. Adult fema'le. 2. Frontal view of female. 3. Dorsal view of pronotum 
and soutellum of female. 4. Frontal view of male (right half). 5. Dorsal view 
and scutellum of male (right half). 6. Male gcn~talia, la~eral v~ew. 7. Fif~h ins~~r, 
~. :frontal yiew of fifth inst~~, .' . 
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Measnrements.-Length from frontal margin to tips of tegmina 
8.0 mm., to tip of posterior process 6.2 mm., width across tips of supra
humeral horns 4.0 mm., across humeral angles 3.0 mm., across eyes 
2.6 mm. 

Male.-Smaller than fClnale; suprahumerals shorter, about half 
as long as distance between their bases, tips less recurved; frontoclypeus 
~ith its distal half extending helow lower margins of vertex; genitalia 
sImilar to oneratus. 

Measurenlents.-Length froDl frontal margin to tips of tegmina 
5.6 mm.) to tip of posterior process 4.4 mm., \vidth across tips of supra .. 
humeral horns 2.8 mni., across humeral angles 2.4· mm., across eyes 
2.3 mm. 

Fifth nJlmphal instar.-General colour leafy green, pale ""hite ven
trally; head more than t\",ice as broad as long, base of vertex plana te, 
cranial tubercules short and blunt, each terminating in a glender bristle; 
frontoclypeus slightly extending beyond lower margins of vertex, its 
free end truncate, lobes on either side of clypeus distinct; eyes dark 
reddish brown, semiglobate; ocelli succineous, slightly closer .to eyes 
than to each other. and located on the centro-ocular line; length of 
thorax greater than the conlbined length of abdominal segments 1-8; 
metopidium convex, vertical; anterior process of dorsal crest incons
picuous; pronotal po~terior process slender, tricarinate, contiguous 
\vith mesonotnnl, reaching just the posterior margin of rnetanotum, 
suprahumeral buds prolninent with acute tips; wing pads large, extend
ing upto the 4th abdominal segment; costal angles inconspicuous, a 
row of stout br~stles on the costallnargin; abdominal segments strongly 
telescoped; anal tube longer than rest of abdomen, strongly raised up; 
genital rudiments very distinct. 

I-Iost plant.-Artocarpus integrifolia . 

.. Material studied.-IO females, 6 males and 35 nynlphal instars, 
Madras, 30.viii.1968. 

Otinotus indicatus (Melichar) comb. nov. 

(Text-fig. 22) 

1903. Centrotus indicatus Melichar, Hom. Faun. Ceylon,: 111. 

Female.-General colour dark reddish brown; head thickly ochra
ceous]y pilose, thrice as \vide as long; upper margin of vertex shallowly 
arcuate, lower margins obliquely sloping to frontoclypeus; eyes hemis
pherical, somewhat elongately gl~b~~~, .reddish brown; ocelli black, 
closer to eyes than to each other and located on the centro .. ocular line; 
cranial callosities a little elevated; frontoclypeus ochraceously pilose 
with long sparse hairs, slightly long~r than broa~, exten~ing about 
three-fourths its length below lo'\-ver nlargins of vertex, tIP broadly 
rounded, basal lobes pronlinent; pronotum reddish brown, coarsely 
punctate, sparsely pilose; metopidium V'ertical, slightly convex, nearly 
twice as wide as high, supra-ocular callosities prominent, humeral angles 
broadly conical, posterior an~les rOl:lnded; suprahumeral horns cl'\est .. 
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Text-fig. 22. OtinotU8 incUcatu8 (Melichar) comb. nov. 

1. Egg-slits on host stem. 2. An egg. 8. First ins tar. 4. Second (instar. 
4a. Abdominal lateral lamella of second instar. 5. Fourth ins tar". 5a. Lateral 
lamella of Fourth instar. 6. Fifth instar. 6a. Latera,11amella of fifth instar. 7. 
Adult female. 8. Frontal view of female. 9. Frontal view of male. 10. Dorsal 
view of pronotum of male (left half). 11. SQqteUu~. 12. Te~~I),. l3. Hind. Wins
l4, l\fale terminalia~ lateral view, 
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nut brown, as long as space between their bases, as viewed from lateral 
aspect obliquely raised upwards and outwards with apices obliquely 
truncate, as viewed fronl above somewhat broad and bicarinate, as 
viewed from the front much narrower with their apices nearly acute; 
posterior process tricarinate, slightly elevated from base of scutellum, 
then slnuate, contiguous ,·\lith inner rnargins of tegmina, apical region 
acuminate, apex: passing OVer three-fourths of the length of fifth .apical 
cell, dorsal carination percurrent through metopidium, lateral carinae 
weak; tegmina fcrruginou~, pubescent, thrice as long as wide, basal 
sixth punctate, dark brown and opaque, veins reddish brown, first apical 
cell about four times as long as broad, second discoidal cell much snlaller 
than first discoidal cell; hind wings with four apical cells; scutellum 
broader than long; lateral areas of sternum and a spot on each side of 
base of scutellum greyish ochraceous; abdomen black, without dis
tinguishing characters. 

Measurements.-Length from frontal margin to tips of tegmina 6.0-
7.0, mm., to tip of posterior process 5.0-5.8 mm., width across tips of 
suprahumerals 5.0-5.5 mm., at humeral angles 2.75-3.25 nlm., at eyes 
2.5-3.0 m!.O. . 

klale.-Sinlilar to female. Genitalia with sternal plate, black distal 
half divided, pubescent, lobes inconspicuous; lateral valves wedge
shaped, punctate, processes very prominent, as long as or slightly longer 
than main body; aedeagus V-shaped, finely serrate on inner margin; 
parameres as in Leptocentrus. 

Measurements.-Length from frontal margin to. tip~ of tegmina 
5.7 mm., to tip of posterior process 4.8-5.6 mm., width across tips of 
suprahumerals 4.7-5.25 mnl., at humeral angles 2.5-3.0 nlm., at eyes 
2.5-3.0 mm. 

Fifth nymphal instar.-General colour greyish dorsally, light green 
ventrally; head about twice as wide as long, cranial tubercules very 
conspicuous, 0.3 mm. long and 1 mm. wide at base, bordered by small 
tuberculate spines; tip subacute; eyes nearly reniform, projecting out
wards and backwards, dark brown; ocelli nearer to eyes than from each 
other and located on the c ... o-line; upper margin of vertex strongly sinu
ate, emarginate, set with tuberculate spines, lower lllargins obliquely 
sloping to frontoclypeus; rostrUJll 1.5 mm. long. extending upto the 
middle of 2nd abdominal segment; thorax as ",,·ide as l<:>ng, metopidium 
nearly vertical, median carina of dorsal process percurrent and bearing 
closely set spines; a prominent lateral tuberculated ridge on either side 
of median carina; pronotal posterior process extending over a little 
more than half the length of mesonotum, tip bluntly acute; suprahu
Ineral buds b la ck, spinous; mesonotal . process reaching threc ... fourths 
of length of metanotum; lateral tubercles large,bearing clusters of spines 
on meso- and meta thoracic tergites; \ving pads greyish brown, costa.l 
angles prominent; tibiae more or less flattened, fringed with bent 
bristles. .t\bdolnen nearly one and a half times longer than thorax, 
attaining its nlaximum \vidth at 4th abdominal segment; anal tube 
stout, short, one-fifth as long as body, abdominal segments 3-7 with 
ferruginuus dorsal and dorso-lateral tubercles; each dorsa] tubercle 
tipped with 3 short stout spines, each dorso-Iateral tubercle tipped with 
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one or two spines; 8th abdominal segment with a single pair of. tuber .. 
cles· lateral lamellae of 3rd segment dark brown, smaller than those of 
4th 'segment; lamellae of segments 5 to 8 uniform, light yellowish, flatte
ned and gently curved, each lamella. measuring O. 75 ~In. long, bor~er
ed \vith 22-27 bent spines mounted on short tubercles; smaller SpInes 
scattered over,lamellae; extreme bases of lateral lamellae 'with a cluster 
of microsctae. 

Host plants.-TIzesp6sia po/nlinea, ~y~giu1n jambolanum, Teconza stq,ns. 
Material sludied.--68 females, 24 males, 18 nynlphal instars., lVladras, 

20.xii.1966. 

Otinotus obliquus n.sp. 

(Text-fig. 23) 

Fel1zale.-General colour dark brown; head three times wider than 
long, finely punctate, vvith long greyish white hairs; upper margin. of 
vertex moderately arcuate and sinuate, lower nlargins gradually slop
ing to frontoclypeus; eye!'> dark bro\·vn, ovate, obliquely directed laterad; 
ocelli snlall, slightly clo~er to eyes ,than to each_ other and situated on 
centro-ocular line; frontoclypeus slightly longer than ,vide at base with 
three-fourths of its length extending downwards below lower margins 
.of vertex, longly pilose, tip broadly rounded; pronotulll finely punctate 
with short adpressed hairs; metbpidium ~onvex in front, vertical, one 
and a half times as wide as high; supraocular callosities conspicuous; 
humeral angles prominent, densely hairy, tips subacute; suprahumeral 
horns dark reddish brown, slightly longer than space between bases, 
as viewed from lateral aspect obliquely directed up\vards and'forwards, 
tips strongly recurV'ect and obliquely truncate, as seen from abQve much 
flattened and weakly bicarinate, as viewed from the front much narrower 
with anterior carinae closer to posterior rna.rgin, apices some,,,,hat sub
acute; posterior process slender, emerging from posterior region of disc" 
distinctly separate~ at base from scutellum, t.hen contiguous with inner 
margins of tegmina, moderately sinuate to\'\'ards middle, apex passip.g 
0\ er half the length of nft}l apical cell, tip acute, lateral carinae weak, 
dorsal carina :strongly percurrent through metopidium; tegmina tb..tee 
times as long as wide, dark reddish brown, wrinkled, pubescent, costal, 
lnargin clark brown, veins castaneous, basal region, dark brown arid 
punctate, first apical cell four and a half times longer than it'.) greatest 
width, second discoidal cell about one .. third as long as first discoidal 
ce]l, apical limbus narrow; hind wings witn 4 apical cells; scutellum 
triangular, as ",:-ide as long; lateral areas of sternum greyish ochraceous; 
legs black as far as femora, tibiae castan~ous, tarsi light bro\,vn. 

Me,lsurenlents.-Length fronl frontal nlargin to tips of tegmina '8 nim." 
to tip of posterior process 7.0 mm., width across tips of suprahunleral 
horns 7.0 mm., at humeral angles 3.4 mm., at eyes 3.2 mnl. 

}v[ale.-,Sirni1~r to female, slightly smaller; genitalia similar to intli
catus, but lateral valves nluch narrow. 

Measurements.--Length from fronta.l margins to tips of tegmina 
7.0 mm., to tip of posterior proce'ss 5.6 mm., "\Ividth across tips of supra
hunleral horns 5.3 mm., at humerf!ll angles 3.2 mnl., at eyes 3.0 mm. 
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Text-fig. 23. Otinotu8 obUqu'Us n.sp. 

1. Female, adult. 2. Dorsal view of pronotum. 3. Frontal view of female. 
4. Tegmina. 5. Fifth instar, dorsal view. st, sternal plate; pa, paramere; ae, 
aedeagus ; Iv, lateral valve 

Fifth nynlphal instar.--Generarcoloration brown Vv'ith shades of green; 
closely resembling the fifth instar nynlph of indicatus, but slightly larger 
size; tegnlinal wing pads much broader, abdonlinal lateral lamellae 
larger, ~vith the bordering spines shorter and more nunlerous~' 

28 
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Measurements.-Length from frontal margin to lip of anal tube 
6.6 mm., length of anal tube 1.2 mm., length of thorax 2.7 -lnm., length 
of abdomen including anal tube 3.9 mm., width of abdomen across 
4th segment 2.9 mm., width of thorax 2.7 mm.,. width of head across 
eyes ~.6 mm., length 1.5 mnl., length of rostrum 1.6 mm., leng~h of 
tegminal ,.ving pad 1.7 mrn., width 0.8 mm .. , length of lateral lamella 
0.9 mm. 

Host plants -Trewis nudiflora, Pkyllanthus sp" Prenzna latifolia. 

Holotype female; 4 female and 11 male parat)-pes, 6 nepionotypes, 
~Iadras, 10.ix.1967. 

The species is nearest to indicatus from which it differs in the more 
obliquely forwardly directed suprahumerals which are longer ,than 
the width between their bases. 

Key to species of Otinotus Buckton based on Fifth instar nymph 

1 (4) Body devoid of tuberculate spines and lamellae. 
2 (3) Reddish brown or shining black; suprahumeral buds short, with tips 

broadly rounded; wing pads extending upto 2nd abdominal segment; 
abdominal segments not telescoped; anal tube about one-fourth as 
long as body, not raised up. .oneratus (Walker). 

3(2) Leafy green; suprahumeral buds prominent with tips acute; wing pads 
extending upto 4th abdominal segment; abdominal segments strongly 
telescoped; anal tube slightly more than one-third as long as body, 
strongly raised up .. ',' . mimicus Distant. 

4(1) Body equipped with well developed tuberculate spines and long, 
frondulose lamellae bearing bent spines. 

5(6) General coloration greyish; wing pads somewhat narrow; anal tube 
about one-fourth as long as body.. . indicatus 
(Melichar) . 

6 (5) General coloration brown with shades of green; wing pads broad; anal 
tube about one-sixth as long as body... .. ohliquus n.sp. 

Tribe Centrotini Goding, 1892 

The Centl'otini is separated fronl the Leptocentritii by the presence 
of three apical cells in the hind wing; a distinct pterostigma may be 
,present or absent; the fronto-clypeal lobes are either partially or com
pletely fused to the fi'ontoclypeus on their inner margins and are not 
prominent; the scutellum is normal and exposed. 

Genus Tricentrus Stal 

(Type of genus Tricentrus converltens Walker) 

1866. Tricentrus Stal, Hem. Afr. 4: 89. 
1905. Taloipa Buckton, Trans. Linn. Soc. London, Zool. (2) 9: 334. 
1912. Centrotus Matsumura, Annot. '('001. Japan, 8: 90. 

Small to moderately large; body robust, ovate or oblong-ovate; 
head about three tinles wider than long, obliquely directed ~ackwards, 



ANANTHASUBRAMANIAN & ANANTHAKRISHNAN : Indian Memhracids 225 

upper margin of vertex shallowly arcuate and sinuate; lower nlargins 
gradually sloping to frontoclypeus; eyes suhglobate; ocelli nearer to 
eyes than to each other and situated above centro-ocular line; fronto
clypeus oval or subova te, frontoclypeal lobes alnlost fused and incons
picuous; rostrum stout, reaching middle of hind coxae, mandibular 
stylets recurved at tip. Pronotum ,vith posterior process longer than 
broad; metopidium vertical or sloping;· humeral angles prominent, 
tips subacute or blunt; suprahumeral horns Inoder~tely long or short, 
aborted or totally absent; posterior process moderately short, conti
guous with scutel!um, tip not reaching or slightly passing apex of clavus, 
tricarinate, dorsal carina percurrent, often obsolete anteriorly; tegmina 
about thrice as long as wide, with or without a distinct ptcrostigma, 
with five apical cells and two discoidal cells, apical limbus moderately 
broad; hind wings with three apical cells; scutellum as wide as long, 
concavely emarginate, apices acute; hind trochanters elevated into 
a dISC inwardly, armed with spines. Male genitalia, with sternal plate 
cleaved to about one-third its length froln apex; lateral valves triangular, 
processes short, nodular, weakly chitinised, fringed with long slender 
bristles; aedeagus U-shaped with inner margin finely serrate; parameres 
straight, weakly chitinised, apex recurved, tip acute. 

1 (8) 
2(5) 

3(4) 

4(3) 

5(2) 

Key to South Indian species of Tricentrus 

Suprahumerals present. 
Suprahumerals projecting forward, about 'three-fourths as long as width 
between bases; apex of posterior process impinging on tegmina. 
Dark purplish; apices of suprahumerals subacute; posterior process 
unicarinate, its basal half normal, apical half straight; tegmina pur-
plish brown, veins fringed with long hairs; lateral areas of sternum 
white tomentose.. .purpureus n.sp. 
Brown; apices of suprahumerals sub-obliquely truncate, posterior pro
cess tricarinate, its basal half heavy, laminate, apical half attenuate, 
slightly arched; tegmina pale bronzy brown; lateral area of sternum 
pale brown. . congestus (Walk,). 
Suprahumerals not projecting forward, about one-third as long as 
width between bases; apex of posterior process not impinging on 
tegmina. 

6(7) Moderately large brown species; pronotum pilose; suprahumerals 
variable; apex of posterior process brown, projecting backwards behind 
clavus; tegmina pale bronzy brown, base opaque, followed by a broad 

7(6) 

8(1) 

yellow patch. pilosus n.sp. 
Small, black species; pronotum finely pilose; suprahumerals not 
variable; apex of posterior process black, extreme tip upcurved;. teg-
mina dull bronzy subhyaline, base black, yellow patch inconspicuous 
in some, or absent.. . alhomaculatus Distant. 
Suprahumerals absent; pronotum dark brown, finely punctate .. 
decomis n.sp. 

Tricentrus pilosus n.sp. 

(Text-figs. 24 & 25) 

Fenlale.-General coloration brown; head nearly thrice as wide as 
long, obliquely dire<:ted back\\7ards? longly pilose with silvery hairs; 
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Text-fig. 24. Pricentros pil08U8 n. ap. 
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Text-fig. 25. Polymorphic jormo in Tricentruo pilooU8 n. sp. 

Sa. 

Sa. 

70. 

tv 

1. Female with normal horns; lao Its frontal view; lb. 2. Female with 
reduced horns; ,20,. Its frontal view; 2b. 3. Female with aborted horns; 3a. Its 
frontal view; 3b. 4. Female with no horns; 40,. Its fr.ontal view; 4b. 5. Male 
with reduced horns; 50,. Its fl'ontal view-; 5b. 6. Male with aborted hOfI).S ; 60,. 
Its frontal view; 7. Male with no horns;' 78.. Its frontal view; 7b. 8a. Foreleg; 
8b. Middle leg; 8c. Hind leg showing spines. 9, l\£ale genitalia" lateral view. 
Iv, lateral valve; PSt, ae, aedeagus. - . 
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upper margin of V'ertex slightly arcuate, sinuate; eyes dark brown, sub
globate projecting out\var,ds, with a central black spot. ocelli black, 
a little closer to eyes than to each other and located slightly above centro
ocular line; frontoclypeus longly sparsely pilose, subovate, extending 
about one-third its length below lower Illargins of vertex, tip hroadly 
rounded and slightly convex.. Pronotum light brown laterally, darker 
ven trally, finely punctate and densely pilose near bases of horns; meto
pidium almost vertical, wider than high, frontal margin less pilose not 
obumbrant, supra ocular callosities black, punctate, prominent; humeral 
angles light brown, tips subC!.cute \vith posterior margins rounded at 
latera] angles; suprahumeral horns about one-third as long as \vidth 
between bases, obliquely directed up"vards and outwards, then turned 
backwards, tips subacute, carinae weakly developed; posterior process 
stout, central and lateral carinations fine, central carination percurrent, 
extending through metopidium, sprinkled with shining siivery hairs, tip 
black, directed somewhat upwards, just reaching, anal angle of teg
Inina, extrelne tip not impining on teglnina; tegnlina about three times 
as long as ,,,,ide, hyaline, basal sixth coriaceous, punctate, dark brown, 
veins reddish brown, apical limbus normal; legs with trochanters and 
basal three-fourths of femora black, rest light recldish bro,,,,n, hind 
trochanters prominently toothed. on the dilated internal surface, inner 
margin of mid- and hind felnora corrugated; abdomen dark brown, 
pubescent V'entrally, ovipositor darker. 

Measurenlents.-Length from frontal margin to tips of tegmina 6.0 
mm., to tip of posterior process 4.2 mm., ,,,,idth across tips' of supra
hum.erals 3.6 mm., at humeral angles 2.9 mm., at eyes 3.0 mIn. 

Male.-SiInilar to female, but slightly slnaller and darker; supra
humeral horns shorter. Genitalia, with sternal plate black, turned 
upwards, split extending upto one-fourth the length of plate, lower sur
face pubescent; lateral \talves broadly tri4ngular, process of lateral valve 
bearing V'ery long bristles; parameres \vith tips recurV'ed, bearing a small 
subapical process visible from cauda,l aspect; connecting plate quadran
gular, aedeagus finely serrate on inner margin. 

Measurelnents.-Length from frontal Dlargin to tips of tegmina 
5.1 mm., to tip of posterior process 3.6 mm., width across tips of supra
humerals 2.4 m.m., at humeral angles 2.5 mm., at eyes 2.5 rnm. 

This species is noted for its polymorphism with reference to the 
degree of rleveloplnent of suprahumeral horns. Fernales include four 
different types: 1. those with horns of normal size as described above; 
2. those with short horns; 3. those with much aborted horns and 
4. those "vith no horns. Males include three types: 1. those with 
short horns comparable to the females of the second type; 2. those with 
aborted horns, and 3. those with no horns (vide Table 1). Very rarely 
males with shorter posterior process not reaching the inner angle of 
tegmina are encountered. But for the presence of intergrading forms, 
extremes lllight be regarded as different species. 

An analysis of the frequencies of occurrence of the above types of 
Tl'icentrus pilosus was made out of 5 samples of collection~ totalling 430. 
The results whi<;.h ~re tabulated (Table 2) indicate that individual$ 
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without horns form the majority, while females with normal horns cons
titute about one-fifth of the total nunlber. Forms with short supra
humerals comprise about one-third, while aborted condition of supra
humerals is found to be very rare. I t is noteworthy that in nc;> male 
the suprahumerals (',re found to develop to the normal size. 

Length from frontal 
margin to tips of 
tegmina in rom. 

Length from frontal 

I 
With 

normal 
horns 

6.0 

margin to tip of 4.2 
posterior process in mm. 

Width across tips of supra
humeral horns in mm. 3.25 

Width of disc across bases 
of suprahumeral 1 .75 
horns in mm. 

Width at humeral angles 
in mm. 3.0 

Width across eyes in mm. 2.9 

Length of suprahumeraI 
horn in mm. 0.75 

Total 
Collection number 
Number in each With 

coHec .. normal 
tion horns 

1 85 15 
2 87 19 
3 85 15 
4 83 20 
5 90 19 

Total 430 88 

Percentage 20.5 

Standard error 
of percentage 1.97~~ 

TABLE 1 

Females 

II 
With 
short 
horns 

6.1 

4.4 

2.75 

1. 75 

2.8 

2.75 

0.50 

III IV 
With With 

aborted no 
horns horns 

5.6 5.75 

3.9 3.75 

2.2 

1.7 

2.7 2.65 

2.6 2.7 

0.20 

TABLE 2 

Females 

With With With 
reduced aborted no 

horns horns horns 

16 4 15 
20 5 18 
17 3 10 
18 5 10 
18 4 9 

89 21 62 

20.7 5 14.4 

1.95% 1.05~~ 1.69% 

I 
With 
short 
horns 

5.1 

3.1 

2.3 

1.5 

2.3 

2.3 

0.50 

With 
short 
horns 

8 
.10 
14 
8 

13 

53 

12.3 

1.58% 

Males 

II III 
With With 

aborted no 
horns horns 

5.2 5.0 

3.5 3.6 

2.0 

1.5 

2.4 2.6 

2.35 2.65 

0.2 

Males 

With With 
aborted no 
horns ~orns 

1 26 
15 

2 24 
3 19 

27 

6 III 

1.4 26 

0.57% 2.11% 
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Fifth ins tar nymph.-·Body dorso·ventrally compressed. densely brist
led; ge~eral coloration light reddish brown; head about 2.5 tinles as 
"vide as long, cranial tubercles persistent as srnall conical projections, 
vertex truncate at base; eyes reniform, pale' white; ocelli conspicuous, 
nearer to eyes than to each other-arid located on the centro-ocular line; 
frontoclypeal. tip slightly extending beyond lower nlargins of vertex; 
rostrum reaching the hind coxae. Thorax slightly exceeding the length 
of abdonlen excluding anal tube; metopidium sparsely spinose, sloping 
backwards from its base to disc; lateral angles of pronotum broadly' 
rounded, posterior process gradually tapering to an acute point, extend
ing over three-fourths of length of nlesotergite; median carina of poste
rior process percurrent, beset with short spines, mesonotum about two
thirds of length of proterguil1, Inesonotal process short, tip obtuse; meta
notum narrow, sparingly spinose~ tegminal wing .pads very prominent 
extending upto 2nd abdominal segment, costal angles projecting out as 
conical extensions; legs pinkish brown on tibiae which are flat, fringed 
with long slender tuberculate spines arranged in rows) tarsi yellowish, 
sparsely setose, trochunters not armed with teeth. Abdonu~al tergites 
very broad, dorsal t.ubercles replaced by two groups of small spines; 
lateral lamellae of 3rd segm~nt dark brown, shorter than the succeeding 
ones, bearing only 6 or 7 stiff spines, those of succeeding segments Dlore 
than tvvice as long as ""ride, inclined bac~wards and .bordered .with 14-20 
long slender spines on tubercles besides minute suhspines ~cattered over 
lamellae; external genital rudiments extending as far back as Iniddle 
of anal tube on the ventral aspect; anal tube about one-sixth of length 
of body, width at base nearly equal to its length. 

Host plants.-Prop roots of Ficus bengalensis, Thespesia .pop1l1ne.a. 

Holotype female, 88 female and 54 male para types, 4·5 nepionotypes, 
l\fadras, on various dates during·July, 1966. . 

The species is nearest to suhangulatus Distant in the robust slightly 
apically projecting posterior process, but differing in the coloratioJ;l of 
body and teg.rninal veins, and also in the extremely variable suprahu
meral horns. 

Tricentrus purpureus n.sp. 

(Text-fig. 26, part) 

. Female.--General coloration purpHsh brown; head greyish, speckled 
WIth dark spots, a bout two and a half tinles as wide as long, densely 
pilose, \vith long golden hairs; base slightly convex at junction "with 
metopidium; frontoclypeus extending about haif of its length below 
lower margins of vertex, tip broadly rounded, thick]}T pilose with short 
golden hairs; eyes dark brown, ocelli black, located just above centro,. 
ocular line, slightly closer to eyes than to each other; pronotum dark 
brovvn dorsally, cretaceously sericeous laterally; metopidium vertical, 
not sloping, greyish bro,,"n, densely pubescent, twice as wide as high; 
supraocular callosities very conspicuous, margins shaded with black; 
tips of humeral angles blunt; suprahunleral horns stout, about three
fourths as long as space between bases, longly pilose, pilosity denser 
at basal one-fourth, projecting obliquely forwards and slightly inclined 
outwards.) tips black., broadly rounded and turned backwards, apices 
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subacute, tricarinate, dorsal carina \veak; posterior process rohust, 
short, unicarinate, apical half straight, tip acute, dark bro,vn, ju: .. t reach
ing the posterior angle of the inner nlargin of teglnina; dorsal carina 
perCllrrent -_ extending through lltetopidiulll; legs densely pilose, distal 
end of femur and ,,,,hole of tibia purplish bro"vn, tarsi light brown, rest 
black; hind trochanter raised into a disc bearing 5 large teeth in a ro,,,, 
besides smaller ones. Tegmina purplish brown, fringed with long hairs, 
basal portion dark brown and punctate followed by an yellow round 
fascia, apical limbus broad;' abd(unen robust, uniformly black. 

Mensurements.-l.length from frontal margin to tips of tegmina 
5.3 nlm., to tip of posterior proce<;c:; 3.5 nln1., to tip of abdomen 4.9 mn1., 
width ~cross tips of horns 2.7 tnn,-., at humeral angles 2.0 film., at eye~ 
1.9 Innl. 

}.1ale.-General col,--)ration of body sinliIar to that of female; slightly 
smaller; differing from female chiefly in the nature of suprahumerals 
which are snlaller, slightly projecting forwards, more divergent, turned 
outwards and slightly upwards, tip acutely turned backwards; dorsal 
carina weak; abdomen slender, extending upto one-third distance 
of 3rd apical cell of tegnlina. 

Measurelllents.--Lengt.h from frontal margin to tips of tegmina 
5.0 mnl., to tip of posterior process'3.5 mm., to tip ofahrlomen 4.2 mm., 
width across tips of horns 3.0 mm., at humeral angles 2.0 mn1-, at eyes 
1.8 mln. 

F1ijth instar IryliiJ)h.---Body dorso-ventrally flc:,tttened as in jJiloJus; 
general coloration bro"vn; head two times wider than long, inclined 
back\\lards; cranial tubercules prominent, hroarlly conical; eyes suh .. 
globate, dark bro\vn; ocelli as clqse fro111 each other as fr<?m eyes and 
located on the centro-ocular line; thorax sprinkled ,vith sparse tuber
culate spines; metopidium grarluaily sloping froTn ba'se; post~rior -pro
cess tapering, tip acute, heset ",rith short spines; suprahumeral buds 
absent; mesonotal process dark bro",,-n, densely spinose, obtuse, a. ro,v 
of spines on the distal hfilf of each abdominal segment fi1 01n 3 to 8; abdo
minal lateral lamellae of segments 4 to 8 nearly unifornl, about twice 
as. long as broad, direeted backvvards and bordered w'ith 17-22 long, 
slender, pointed spines; anal tube one-fifth of the total length of body, 
more than twice as long as its \vidth at base. 

Host plant.--Pob'gollunz sp. 
Holotype female; 15 f~male, 9 luale paratypes, 8 nepionotypes, 

KodaikanaI, Madras, 30.ix.1968. 
Thic; species is nearest to congestzlJ (\\Talker) in the bac.k\vardly 1?ro ... 

jecting suprahumerals ,vhich are about three-fourths as, long as ,vldth 
b~t\"een their bases, and th~ apex of posterior process impinging on 
tegmina, but differs in the dark purplish colour, apices of suprahumerals 
subacute, and in the cretaceously sericeous lateral areas of sternnm. 

Tricentrus congestus ("Valker) 

(Text-fig. 26, part) 

1870. Centrotus congestus Walker, J. Linn. Soc. Land. Proc: 10: 187. 
1908. Tricentrus congestus: Distant, Fauna Brit. India. 4: 34. 
1934. Otaris congestus .. Goding, N. r. Ent. Soc. J1. 42: :480. 

29 
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Text-fig. 26. T"icent1'u8 pU1"pflre118 n. sp. 

1. Adult rentale. 2. Adult lnale. 3. Frontal view of feluale. 4. Frontal 
view of male. 5. Dorsal view of femah~ prol1ohuu. 6. Dorsal view of l1).alc prono
t,U111. 7. Hind trochanter showing spines. 8. l\:[ale genitalia. 9. Fifth inst.al'. 

:Jl1'ice}~tI'U8 conge8tu8 ('Va.lker) 

1. Adult fen)ale. II. Frontal vie,v. III. Dorsal vie,v of pl'Onotunl. IV. 
Fift.h instar. 
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FelllalCJ.-General coloration bro\vn; head thickly ochraceously 
pilose, about three times \vider across e~ tremities of eyes than length of 
vertex; vertex about t""ice as wide as long; upper margin of vertcx very 
shallowly arcuate, lo\ver nlargins gradually sloping to frontoclypeus; 
eyes hemi~pherical, null succineous; ocelli slightly nearer to eyes than 
to each ot.her and situated a hove centro-ocular line; frontoclypeus 
e:<:tending belo,,,, lower Inargins of vertex, extended area selnicircular, 
longly pilose, frontoclypeal lobes alrnost entirely fused; pronotlun dark 
brown, finely punctate, thickly pilose, with short greyish hairs; metopi
diunl convex, two-thirds as high as "vide, densely pilose, ochraceous; 
supraoc,ular call()sitie~ prominent, black and punctate; hurrieral angles 
large, sparsely pilose, tips blunt; suprahunleral horns robu~t, obliquely 
projecting forl\'ards, about three-fourths as long a~ ""idth between bases, 
viewed from lateral aspel"ts, lateral carina,e strong, reddish brown, 
vic,verl from above rnoderately broad, obliquely ascendant, posterior 
carinae obscure hehind middle, apices subobliquely truncate, seen 
frorn t.he front much narrower, apives subacute; posterior process robust, 
tricarinate, basal half heavy, contiguous with scutellum, lalninate, 
apical half attenuate, sli~htly arched, apex impinging on tegmina, 
rlorsal carination percurrent through metopidium, lateral carinae ",'eak; 
teglnina pale bronzy bro,vn, nearly thrice as long as ,vicie, veins strong, 
castaneoHs,. first apical cell nearly five tirnes longer than its greatest 
width, apical limbus nloderately broad; hinti wings \vith three apical 
cells; lateral areas of sternunl pale hro\vn; legs black upto tibiae, tibiae 
reddi~h bro""'n, tarsi light bro,,,,rL 

.~{easureJ1zelltJ.-I.,ength from frontal margi~ to tips of tcgmina 
5.3 mm., to tip of posterior proces~ 3.7 nlm., width acrOSR tirs of snpra
humerals 4.3 Inm., at humeral angles 2.8 rnm., at eyes 2.4 nlm. 

klale.-Similar to female, slightly pubescent, humeral angles less 
'prorninent, posterior process straight . 

.. ~leasll.relnents.-Length from. frontal niargin to tips of teglnina 
5.0 mnl., 'to tip of posterior process 3.6 mm., ,,'idth across tips of supra
humerals 4·.0 mm., at humeral angles 2.6 mnl., at eyes 2.3 nlm. 

FU'th instar nymph.--Body robust, dorso-ventrally compressed; gen-eral 
·coloration grey, with black ~pots sprinkled over body; head nearly thrice 
as ,vide as long, cranial tuhercllles reduced; short stout spines scattered 
all over vertex; eyes light hlack; ocelli nearer to each other than front 
eyes and located a Ii ttle above cen tro-~cular line; ros tral tip ext~nding 
to hind coxae; thorax greyish, densely pilose, hases of tubercles black; 
suprahumeral buds very small; nlctopirlium convex in front, l;oncealing 
head frOln above; disc ,vith closely set spines; pronotal posterior process 
e:{tending over three-fourths of tJ:te length of mcsonotum, rnesunota1. 
process much reduced; abrlomen sparsely f'pinose; dorsal t~b~rculate 
spin~s rnore or less inclined back and adpres~ed to body; latp.ral lamellae 
nearly t\\rice as long as "\-vide, each bordered \\·ith 14-1 R slenner spines; 
anal tube black at basal onc-fourth, genitalic rudilnents dark brown. 

Host plant.-· Vernonia rznerea. 

lvlaterial studied.-12 fenlalr.s, 4 males and rnany nynlphal inc;tars~ 
~1adras, IO.v.1966, 
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Tricentrus alboDlaculatus Distant 

(Text-fig. 27) 

1908. T,,~centrus albomaculatus Distant, Fauna Brit. India. 4: 56. 

Feniale.-General colora tion hlack; head thrice as wide as long, 
finely pilose, vvith silvery hairs; base of vertex shallo'\tvly emarginate; 
eyes reddish bro\\'n, hClnispherical; ocelli minute, closer to eyes than to 
eac.h other and situated above centro··ocular lin~; frontoclypeus ovate, 
sparsely pilose'"--, d;stal half f'xtending -below lo\ver margins of vertex, 
tip broadly rounded, frontoclypeallohes fused to inner rnargins of vertex; 
pronotum black, often shaded with greyish hro\-vn, finely punctate, with 
adpre~~sed silvery hair:); n1etopidium nearly vertical, slightly ohumbrant; 
"upraocular callosities inconspicu9us; hunleral angles ShOl't, not promi
nent, tips blunt; suprahulneral horns short, bla.ck, about one-third as 
long as space bet,veen bases, as, seen fronl sides directed upwards and 
recurved, as seen from above "omewhat hroad, apically recurved, ante
rior marg~.ns rounded, apices subacute, rlorso-post~rior. carinae slightly. 
behind middle, as seen frorn front much narrower and obliquely up .. 
curved; posteri(\r proce~s robust, contiguous ,vith sC\1tellum and inner 
angles of tegmina, apex reaching posterior angle of inner margin of 
tegmina, tip acute, black, distinctly upcurved, dorsal carination obs .. 
curely percurrent through metopirliunl; tegtnina ahout thrice as long 
as wicie, dull bronzy, subhyaline, basal sixth black, coriaceous and 
c03rsely punctate, first apical cell about 5 times longer than wine; hind 
\vings with 3 apical cells; scutellum hroader than long; lateral areas 
of pronotunl and sternunl \vhite tomenrosc; legs with ~hind trochanters 
arnlcd ,vith spines on inner surfac~. 

Measurements.-IAength rrom frontal margin to tips of tegmina 
3.8 mm., to tip of posteri()r proce"s 3.0 rr~m., \vidth across tips of supra
humerals 2.6 mm., at hurneral angles 1.9 mm., at eyes 1.7 mm. 

Male.-·Ge-neral colour jet hlack, Dluch smaller than female; ~upra .. 
humerals ari~ing from posterior lateral margins of pronotum; genitalia 
sinlilar to pilosus. . 

AJeasurelnent.". - Length ffoln frontal margin to tips .of. tegrnina 
2.9 rnm., to tip of posterior p'rccess 2.3 rnrn., ,.vidth across tips of ~upra
humerals ~.n lnITI., at hunleral angles 1.5 mnl., at eyes] .,i.nlm. 

Fifth insiar nYlnph.--General coloration plle green; base of ~upra
humeral buds, costal 111argins of tegnlinal pads, bases of abnorninal 
dorsal tubercles and distal half of arial tube ""ith shades of black; head 
nearly hvice as broad as long, directed backw2_rds \vith rostral tip just_ 
pac;sing beyond hind coxae; vertex of head truncate; eyes subglnbate, 
ocelli l11inute, nparer to eyes than to each other, and located abo\ e 
c~o .. line; frontoclypeal tip ')n a line with lo\ver lnargins of vertex; thbrax 
sparsely· spinose -0n lateral areas; metopidiunl nearly verti~al; pos~erior 
process extending' over 'disc; suprahumeral buds very' prominent with 
suLa'cute -tip; nlesonotal process blunt ,·vith closely set spines; legs with 
cox. e, trochanters, and rlistal half of femora black, tibiae yellowish 
broV\rn, tarsi vale ",,·hite. i\bdominal segments 3-8 sparsely hairy, dorsal 
tuhercles ternlinating in su berect spines, a transverse ro\\' of short sp.~nes 
towards poste~ior border of each segrrlent; lateral lamellae nearly similar 
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Text.fig. 27. T,'t'i~entr'Us albomaculattts Distant 

1. Egg slits on host stem. 2. First instar. 3. Second instar. 4. Third instar. 
5. Fourth instal'. 6. Fifth instal'. 7. Adult fem9,le. 8. Pronotum of male, 
dorsal view. 9. Pi'onot-urn of fema,le~ dor:;al view. 10. Frontal view of female. 11. 
Head, front·al elevation. 12. Tegmina. 13. Hind wing. 14. Hind leg. 15. 
Scutellum. 16. Male genitalia, lateral view. 
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to those of Leptocentrus in shape, each lanlella fringed with 7 long spines 
and 2 short spines at posterior surface; anal tube about one-sixth of 
total length of body. 

Host plant.--Datura Jastuosa. 

lvlaterial .studierl.-75 ferrlales, 48 males, and nUll1~rOt1S nynlphal 
instars, 1\1adras, -.xii.1966. 

Tricentrus decornis n.sp. 

(Text-fig. 28) 

Femal~.-General coloration of body reddish bruwn; head nearly 
one and three-fourths as wide as long; base slightly arcuate and sinuate, 
distinctly punctate with sparsely scattered short golden hairs; frontocly
peus dark hro\vn, exte:n~ing a little nlo,re than half its length beyond 
head, spar3ely pi)os~, free enrl broadest, truncate, nl~rgins black. Eyes 
glubate, projecting out, dull white, oceUi silvery white, slightly closer 
to eyes than to each other and situated above centro-ocular line. Thorax 
reddish brown, lateral parts cretaceously serice,)us, metopidiunl 
gradually sloping back, closely punctate, not pilose, supraocular call·)
sities prominent, inlpUnc.tate, concolorous with metopidium; supra
humeral horns absent; hunleral angles dark bro,\vn, broadly conical 
\vith acute tips; posterior process robust, slightly sinuate, tip acute, 
extending just beyond the posterior angles of the inner margins of teg
Inina, lateral carinae black, _ median carina percurrent, continned over 
nletopidium; scutellum light bro\·vn, punctate, one and a half times 
as wirle as length at base; legs reddish brown except coxa and trochanter 
which are dark brown; hind. trochanter set with 4 prominent teeth 
besides smaller teeth on inner edge of disc; hind f~nlur corrugated on 
it).n~r edge; tegmina three times longer than wide, pale bro\vn, reflecting 
the dark abdonlen, hase" dark, punctate, veins stout, dark brown, apical 
limbus broad. 

Afp,asurernellts.-I ... ength from frontal margin to tips of tegmina 
5 Hlm., to tip of posterior process 3.6 rom, scut~llunl v-,idth at base 
1.4 rnm., length 0.9 nlm., ,,,,idth across humeral ang-Ies 2.1 mm., at eyes 
2.0 mm., length of tegnlina 4.1 mm, width 1.3 mm. 

Atfale.-Similar to fenlal~ but smaller; general coloration of body 
dark br0\Vn. 

Aleasurements.-··Length frnm frontal margin to tips of tegrrl~na 
-1-.25 mnl., to tip of posterior process 3.2 mm., width across humeral 
angle~ 1. 7 mln., at eyes 1. 7 rom., \,yidth of scutellum at base 1.2 mm., 
length O.B nlli1. 

Fifth tfVlnphal instar.--·General colour dark brown; head declivous; 
cranial tubercles persistent and very large; eyes reddish brown; ',"ertex 
\~ .. ith· a ro\v of tuberculatetrSpines turned forwards, loV\!er margins ~roadly 
rounded; clypeal tip broad.ly rounded extending a little beyond lower 
margins of vertex:; ocelli conspicuous, closer to eyes and situated n hove 
cen tto-ocnlar line; pronotal posterior process arr.hed above, cunt~guous 
\vith mesonoturll, extending over the length of mesonotum, dorsal carin~-
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Text-fig. 28. T1·ice.nttu8 decornis n. sp. 
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1. ~~gg slits on host stem. 2. An egg slit exposed to show the arrangement of 
eggs. 3. First instar. 4. Second instar. 5. Third instar. 6. Fourth instar. 7. 
Fifth insta.r. 8. Adult male. 8a. Frontal view of male. 8h. Pronotum of male, 
dorsal view. 9. Adult female. 9a. Frontal view of female. 9b. Pronotum of 
female, dorsal view. 10. Tegmina. 11. Hind wing. 12-8, b, c. legs. 13. Male 
genitalia. 14. Scutellum. 
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continu~d forwards upto anterior horder of disc and beset'with closely 
arranged tuberculate spines; suprahumeral buds absent; lateral parts 
of pronotum sparsely spinose; mesonotal process broadly triangular, 
fringed with short spines; '''ling pads of moderate size, costal nlargins 
fi~ing~d wi th stiff spines, costal angles not sharply deluarcated. Abdonlen 
nearly hvice as long as anal tuhe; dorsal tuberculate spines adpres~ed 
to body; base of tube-rcles black; lateral lamellae short, sernicircular, 
each lamel1a bearing ,5 short spines, be_sirles short subspines ~'cattered 
Jon larnellae. 

Host plants.-Eugenia caryophyllata, Lagerstroemia sp., Cryptostegia sp. 

Holotype female; 18 female and 11 nlale paratypes, 20 nepionotypes, 
1vladras, 3.iii.l ~67. 

This species differs fronl all other known members of the genus in 
the complete absence of suprahumeral horns. 

Key . to speci~s of Tricentrus Stal based upon Fifth nymphal instar 

I (6) Body dorso-ventrally compressed; abdominal lateral lamellae long, 
bordered by many long spines. 

2(5) Cranial tubercules persistent but reduced. 
3(4) Suprahumeral buds present or absent; lateral lamellae of abdomi

nal segments 5:8 more than twice as long as wide; coloration of body 
reddish brown. pilosus n.sp. 

4(3) Suprahumeral buds always present; lateral lamellae of abdominal 
segments 5-8 less than twice as long as wide; coloration of body 
brown. . . congestus (Walker). 

5(2) Cranial tubercules prominent; suprahumeral buds absent; lateral 
lamellae of abdominal segments 5-8 nearly thrice as long as wide; 
coloration of body brown.. .purpureus n.sp. 

6(1) Body laterally compressed; abdominal lateral lamellae short, bordered 
with a few short spines. 

7 (8) Cranial tubercules obsolete; suprahumeral buds present; lateral 
lamellae bearing 7-9 spines.. . . 
albomaculatus Dist. 

8(7) Cranial tubercules very large; suprahumeral buds absent; lateral 
lamellae bearing 5 short spines. . decomis n.sp. 

Tribe Gargarini Distant 

This tribe is characterised by the fJartially concealed scutellum 
e}~posed la terally and at basal angles and ,,,,eakly chitinised in the iliddle, 
the broad close-fitting posterior process, absence of sup.rahulueral horns 
and the hind '\vings \-\lith 3 apical ct!lls. . I t is distinguished from the 
closely related tribe, COt'coste~lJhini, by f11e a bsence--of tubercles '.>n veins. 

Genus Gargara Amyot & Serville 

(Tyl-'c of the genus Cicada gellistaf. Fabr.) 

1843. Gargara Amyot & Serville, Hemip.: 537. 
1903. Maerops Buckton, Mon. Memb.: 268. 
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Small to moderately large; head two and a half to three tirnes wider 
across extrernities of eyes than length of vertex; vertex nearly one and 
a half tinles "\tvider than long; eyes subglobate; ocelli slightl) closer to 
eyes than to each other and situated on or above c~ntro-ocl~lar line; 
frontoclypeus extending fronl one-third to half its lengih belo\tv lower 
margins of vertex, its lobes partial~y or entirely fus~d, tip broadly roun
ded or truncate; pronoturn rather lo\'\', metopidium convex and back
wardly sloping, disc slightly convex, suprahumerals absent, humeral 
angles llloderate" tips blunt, posterior angles rounded; posterior process 
broadly triangular, closely fitting against scutellum and contiguous 
,vith tegmina, tip reaching apex of ~lavus or anal angles of tegnlina, 
ventrally basally shallow; scutellunl wider than long, triangular, deeply 
excavated at tip, incorIlpletely chitinised in middle which is concealed 
by posterior process; tegmina two and a half times longer than ,,,ride, 
nlembrane a little chitinised at RI and rs fornling an incipient pteros .. 
tigma in some species, five apical cells and two discoidal cells; hind 
wings ,vith 3 apical cells. Male genitalia, ,,,,ith lateral valves broadly 
triangular and parameres Nith recurved tips and strikingly resenlbling 
those of the genus Tricentrus; split of sternal plate extending fronl one
_third to one half of its length fronl apex. 

Key to South Indian species of Gargara 

1 (4) Posterior process just reaching apex of clavus; tip of frontoc1ypeus 
broadly rounded; 1st apical cell of tegmina 5 or 6 times longer than 
wide. 

2 (3) Light brown, moderately large pronotum thickly ochraceously pilose; 
ocelli located on centro-ocular line;, tegmina greyish, semi-opaque, 1st 
discoidal cell not pedicellate; tarsi light brown.. .mixta (Buckton). 

3(2) Black; small; pronotum sparsely pilose; ocelli located above centro
ocular line; apical sixth of tegmina brown, with a sub-apical brown 
band, Ist discoidal cell pedicellate tarsi; pale white.. . albitarsis n.sp. 

4( I) Posterior process extending beyond apex of clavus; tip of frotnocly-
peus truncate or broadly rounded. 

5(8) Tegmina slightly chitinous at RI and rs forming an incipient pteros
tigma. 

6(7) Black, moderately large; pronotum finely, palely pilose; posterior pro- . 
cess slightly sinuous; tegmina subhyaline, broadly black at apical lim
bus and apical area of costal margin, I st apical cell six: times longer 
than wide, 1st discoidal cell pedicellate. . .extrema Distant. 

7(6) Brown, smaller, pron~tum co~rsely ochraceously pil?se;. posterior 
process straight; tegmina hyalIne, not fuscous, 1st apical cell about 
fiv.e times longer than wide, lst discoidal cell not pedicellate .. 

malabarica n.sp. 

8(5) Tegmina devoid of an incipient pterostigma. 

9(10) Very small, black; tegmina hyaline, devoid of spots or patches; 1st 
apical cell about three times longer than wide, 1 st discoidal cell pedi
cellate, very much smaller than 2nd discoidal cell.. . madrasensis n.sp. 

10(9) Moderately large, reddish brown; tegmina with reddish brown pat
ches near end of clavus, apical area of costal cell about five times 
longer than wide, 1st discoidal cell not pedic~llate, about as large as 
2nd discoidal cell. . . rustl,ca n.sp. 

30 
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Gargara mixta (Buckton) 

(Te~t-fig. 29) 

1903. Maerops mixta Buckt~n, Mon. Memb.: 257. 
1903. Gargara variegata Melichar, Hom. Faun. Ceylon,: 122. 
1908. Gargara mixta: Distant, Fauna Brit. India 4: 65, 

Female.--General colour light brown; head t"'/o and a half tinles 
\rvider across extremities of eyes than length vf vertex; vertex one and 
a half times as 'Nide as long, finely punctate with adpresscd golden pilo
sity; base of vertex nearly planate;· eyes reddish brovvn, subhemis
pherical; ocelli slightly nearer to eyes than to each other and situated 
on centro ... ocular line; frontoclypeus greyish brown, extending to half 
·of its length below lower margins of vertex, tip broadly rounded, fronto
clypeal. lob_es entirely fused, pronotunl thickly ochraceously pilose; 
1;lletopidium 1.75 times as broad as high, convex, backwardly sloping, 
disc convex; humeral al'!gles short, tips blunt, posterior angles rounded; 
posterior process broadly triangular, thickly palely pilose, contiguous 
with scutellum and tegminal inner nlargins, apex gradually tapering 
to an acute tip just reaching apex of clavus, dorsal carination finely 
continued through metopidiurn; scutellum t\vice as broad as long, 
deeply excavated at tip, strongly chitinised at lateral-areas, tips acute; 
tegmina three times longer than broad, nlore or less speckled \\I-ith fus
COllS, greyish semiopaque, buse and· costal area ochraceous, 1st apical 
cell nearly 6 times-longer than wide, 1st discoidal cell not pedicellate, 
about as long as 2nd discoidal cell; hind wings ,,,,ith 3 apical cells; 
legs shaded.\vith black upto basal half of femora, tibiae reddi~h Ql'own, 
tarsi light brown; body beneath dark brown. 

A-leasurements.-Length from frontal margin to tip~ of tegmina 6.0 
Dlm., to tip of posterior process 4.3 mm., '\vidth across humeral angles 
2.6 nlnl., at eyes 2.0·mm. . 

l.lale.-Snlaller than female; pronotum jet black; tip of posterior 
process black; tegmina hyaline, basal sixth black, punct~te, costal 
margin shaded Vv·ith black, apical sixth including apical lirnbus black; 
a subapical narrow black band. 

J.1VI.easurements.-Length from frontal margin to tips of tegmina 
4.5 mm., to tip. of posterior process 3.3 mm., width across tips of humeral 
angles 2.3 mm., at eyes 1.8 mm. 

Fifth· insta,. llyrnph.-General coloration pale gleen with castaneous 
pat(;he~ sprinkled over tergites; head turned backwards.; vertex about 
twice as "vide as long, planate at base, thickly pilose with tuberculate 
hairs, lower margins broadly rounded; frontoclypeus densely bristled, 
never extending beyond the level of lower nlargins of vertex; ocelli faintly 
visible, closer to eyes than to each other and located above the c-o-line; 
tip of rostrum· extending to metathorax; thorax triangular in a cross 
section-, metopidium convex and ba~k",'ardly sloping to disc, pronotal 
posterior process bluntly acute, extending over half the length of meso
notunl; supra-ocular callosities obscure; mesonotum ,,,,ith a pair of stout 
lateral tubercles; mesonotal process produced over base of metanc:. tunl 
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Text-fig. 29. Gargara mixta (Buckton) 

1. Egg-slits on host stem. 2. First ins tar. 3. Second instar. 4. Third 
instar. 5. Fourth instal". 6. Fifth instar. 7. Adult male. 8. Frontal' view. 
9 .. '])o .. 'sa] view of pl'onotum. 10. Scutellum. 11. Tegmina of male. Ila. Te~min~ 
.Offemale. '12. Hind wing. 13. ;Male ter~ina1i~~ later~l view, 
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which is concave at posterior Dlargin; tegminal '\tving pads well deve
loped, costal angles broadly rounded and confluent \vith costal margin; 
abdomen narrowest at the level of 2nd segment: dprsal tubercles long, 
t\vig .. like "vith tuberculate vertical spines, bristles arranged in a charac
teristically spiral fashion dorso-lateral tubercles and a row of \veak 
tuberculate hairs on. posterior margins of abdominal segrnents giving a 
highly hri~tly appearance to the nymph;-laterallamellae long and some
what tapering, each with 8. or 9 long slender tuberculate bristles arranged 
in a regular manner; anal tube neatly one-fifth as long as body and 
fringed '\tvith two dorsal and t\A/O dorsolateral ro\vs of closely arranged 
long tuberculate spines; spines -at the base of anal tube Inore than half 
as long as the ~nbe; anal tube one-fifth of total length of body. 

Host plants.-Lagerstroemia sp., Sy~ygium jalnbolanurn. 

Material stud~ed.-38 fenlales, 8 males and many nymphal ins tars, 
Madras, 14.x.1967. 

Garg~a albitarsis n.sp. 

(Text-fi~ .. 30) 

Felnale.-General colour dark hro\vn, shaded to bla.ck on dorso
lateral ar'eas ofmetopidium, lateral carinae and apical fourth of pro notal 
posterior process; head nearly 2.5 times wider than long; Vertex finely 
punctate, with short yellow hairs, nearly thrice as wide as long, upper 

,margin nearly planate and ,.veakly sinuate, lower nlargins gradually 
sloping down to frontoclypeus; eyes dull red, ocelli shining \vhite, closer 
to eyes than fr0111 each 0 ther and loea ted above, centro-ocular line; a 
s~alI rounded spot near each ocellus; frontoclypeus dark reddish brown 
extending slightly bclo\v lower margins of vertex, lateral lobes cQmpletely 
fused, tip broadly rounded and hairy. Pronotunl. ferruginous, strongly 
punctate, with short adpressed pale yellow hairs; metopidium strongly 
convex at base and then vertical, gradually sloping backwards to disc; 
supraocular callosities conspicuous, humeral angles concolorous with 
disc; posterior process straight, tip aculninate; jet black, reaching anal 
al1gl~s of tegmina, 2.3 times longer than wide, basal sixth of tegmina 
and three-fourth of costal margin castaneous and punctate; apical limbus 
broad, with a black or reddish brown- fascia extending into the apical 
cells, a subapical transverse fascia across apical cells; veins light bro\vn; 
legs with coxae and basal half of trochanters jet black, rest dark brown 
except tarsi \",hich are pale white or yello\"'ish ,"'hite; abdominal under
surface pubescent. 

Measurelllents.-Length from frontal margin to tips of tegnlina 
4.25 mnl., to tip ofposteiror process 3.0 mm., length of tegmina 3.4 mm., 
w'idth across tips of humeral angles 2.1 mnl., at eyes 1.9 mm. 

lVfale.-Differing from female in l:>eing sDlaller and darker; metopi
diunl less convex, abdoDlinal sternites rrJ.ore pubescent . 

.. fl,:feasurements.-I .. ength from frontal nlargin to tips of tegmina. 
3.75 nlm., to tip of posterior process 2.7 mm., length of tegmina 
3.0 mm., \,\,idth across tips of4umeral an~les 1.9 mm.? at eyes 1.Q mm. 
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Tex.t-fig. 30. Gargara albitarsis n. sp. 

1. Adult female. 2. Dorsal view of pronotum. 3. Scutellum. 4. Frontal 
view of female. 5. Frontal view of male. 6. Male genitalia. 7. Fifth ins tar , 7a., 
A.b~o~ll~terallamella of fifth instar. 



244 Records oj the Zoological .Survey of India 

Fifth nyrnphal instar. --General colour deep green; reddish brown 
patches scattered over; body laterally compressed; head directed down
,,yards, thrice as wide as long; vertex planate, base truncate, clypeus 
densely pilose; ocelli indistinct; metopidium convex in front, slop,jng 
back,vards and fringed with short tuh~rculate spines; pro notal posterior 
process very short, just overlapl'ing" the base of mesonotum; tip broadly 
rounded; mesonotum ahout two tln~es longer than metanotllm; wing 
pads rrloderately developed extending upto 2nd ~bdominal segment, 
costal angles not demarcated; legs light _ reddish J:lrown, except ta:rsi 
which are pale \'V-hite; abdomen excluding anal tuhe as long as thorax, 
tuberculate spines 2rranged in a row near the posterior margin of each 
segment; dorsal tuberculate 'spines inconspicuous and adpressed to 
body; latera] lamellae on segnlents 3-8 '~hort and broad, resembling 
those of C()ccosterphus, each lamella bearing 5 slender pointed spines on 
tuhercles, besides 2 or 3 short spines to\vards posterior luargin; anal tube 
one-fifth of bod)' length, fringed \vith rows of spines, each row consisting 
of 5 or 6 short tuberculate spines. 

Host plant.-Tecoma grandiflora 

Holotype female; 4 female, 3 male paratypes, 10 nepi()notypes, 
Madras, 2.i.1967. 

Gargara n,lbitarsis is nearest to mixta hut differs in the much smaller 
size, black colour, in the position of ocelli which are aboV'e centro-ocular 
line, in the pedicellate 1st discoidal cell and in the pale white tatsi; in 
the presence of a subapical and an apical transverse fasciae, it reseIIl:bles 
the male of mi.'tta. 

Gargara madrasensis n.sp~ 
(Text-fig. 31) 

Fenlale .-General c~l()ur black; head vertical, more than twice as 
"ride as long, finely punctate with dense pale yellowish hairs, vertex 
,,'eakly convex, upper niargin somewhat sinuate, 10'~ver Inargins strongly 
oblique to frontoclypeus, eyes light bro\vn, suhglobate, ocelli hlack, 
closer to eyes than to each other and located distinctly above c-o-line; 
frontoclypeus as wide as one-third \vidth of head, lateral 10bes entirely 
fused, tip broadly rounded, fringed with short golden yellow hairs; 
rostrum reaching bases of hind coxae. Pronotum light brown, densely 
l'ilose; ,metopidium convexly obunlbrant and sluping backwards into 
disc, finely punctate ano. clothed with short dense golden pilosity; supra .. 
ocular callosities conspicuous, black, partially hidden by pilosity from 
surrounding al eas; hutr~eral angles coneolorous with disc, blunt;' 
posterior process broad at base, about two-thirds as ,vide as long, emerg
ing fronl posterior n1argin of disc, contiguous with scutellum, extending 
horizontally backwards as far as anal angles of tegmina; nledian carina 
fine, percurrent, continued through metopidium without any interrup
tion on disc; scutellum aborted centrally, basal lateral parts exposed, 
punctate, brown, densely pilose at basal angles; tegmina nearly t\VO and 
a half tinles longer than wide, uniformly hyaline except the basal fifth 
"'hich is dark hrown, coriaceous and punctate; veins light bro~'n, mar
~ined with sparse pale yellow hairs; apical limbus broadest opposite tQ. 
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Text-fig. 31. Gargara madrasensis n. sp. 
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1. Twig with egg-slits. 2. Egg-slit exposed to show the arrangement of eggs. 
3. First instar# 4. Second instar. 5. Third instal'. 6. Fourth instar. 7. Fifth 
instar. 8. Adult female. 9. Adult male. 10. Frontal view of female. 11. Frontal 
view of male. 12. Dorsal view of pronotum of female. 13. Dorsal view of pronotum 
of male. 14. Tegmina of male. 15. Tegmina female. 16. Hind wing. 17. Scut
ellum. 18. Male genitalia, lateral vie\v. 
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3rd apical cell; 2nd discoidal cell about 2.3 tirnes as long as the 1st dis
coidal cell which is petiolate; thoracic lateral areas and tergites of 
abdomen punctate, light brown; ovipositor dark brown; legs light 
reddish brown. 

J\!Ceasurernents.-Length from frontal margin to tips of~ teglnina 
2.75 mm., to tip of posterior process 2.0 mm., v{idth across humeral 
angles 1.75 mm., a.cross eye~ 1.5 mm. 

l\.lale.-·Snlaller; general colour dark brown, nlore dc~sely pilose, 
eyes pale white; metopidium sloping backwards; sub-genital- plate 
dark brown. 

MeasUrelnellts.--Length from frontal margin to tips of tegmina 
2.3 mm., t9 tip of posterior process 1.5 I!lDl., width across hUD1eral angles 
1.4 Inni., at eyes 1.1 mm. 

Fifth n)lmphal instar.-·General colour deep green; head directed 
downwards, two times -\"ider than long; vertex with tuberculate spines 
directed fOf"\vards; ocelli obscure,; thorax covered with short spines 
denser on dorsal region; Dletopidium sloping back\vards; posterior 
process' a.s long as pronotum, extending over the entire length of nleso
notum and terminating in an acute point; ,ving pads yellowish brown, 
costal angles not demarcated; abdomen with dorsal tubercles well deve
loped, each tipped 1;>y a long tuberculate spine and a cluster of snlaller
spines emerging from base; lateral regions of abdominal tergites only 
sparsely and weakly pilose; lateral lamellae short, semicircular, each 
lanlella bearing 5-7 sman slender spines on tubercles anal tube a little 
less than one-fifth the total length of body. 

Host plants .-Cestrum diurnum. Caesalpinia pulcherrima, Tecoma slans. 

Holotype female; 14 female, 5 male paratypes, 8 nepionotypes, 
Madras, 1. viii. 196 7. 

This species comes near rustica from which it can be easily 
distinguished by the much smaller size, black coloration, and the pedi
cellate first discoidal cell of tegmina which is much ~maller than 2nd 
discoidal cell. 

Gargara extrema Distant 

(Text-fig. 32) 

1916. Gargara extrema Distant, Fauna Brit. India, Append. 6: 171. 

Female.-General coloration black; head nearly three times wider 
across extremities of eyes than length of vertex; vertex nearly two times 
wider than long, finely pilose with silvery hairs; eyes hemispherical 
reddish brown; ocelli succineous, a little nearer to eyes than to each othe: 
and loea ted above centro-ocular line; fron toclypeus longly sparsely. 
pilose, one-fourth of its length extending below lower margins of V'erte~ 
tip truncate;' pronotum black, with shades of brown; finely pilose; m~to~ 
pidium about as wide as high, with sparsely adpressed silvery pilosity 
conve_x, slightly sloping; supraocular callosities large, black, impunc~ 
tate; humeral angles prominent, brown, sparsely hairy, tips nearly_ 
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Text-fig. 32. Gargara extrema Distant 
1. Adult fema.le. 2. Adult maie. 3. TegminA. of female. 4.. Tegmina of 

ma.le. 5. Dorsal view of pronotum of female. 6. Dorsal view of pronotum of male. 
7. Scutellum. 8. Frontal view of female. 9. Frontal view of male. 10. First 
instar. 11. Second instar. 12. Third instar. 13. Fourth instar. 14. Fifth instar. 
15a,' Sternal plate of male genitalia, b, lateral valve; c, paramere; d,' aedell,gus; 0, anal 
ring. 

31 
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blunt; posterior process broadly triangular, centrally slightly sinuate, 
tip black, acute, passing behind apex of clavus and reaching the poste
rior angle of inner margin of tegmina, dorsal carination strongly percur
rent through metopidium; tegmina nearly thrice as long as wide, sub
hyaline, basal sixth punctate, dark reddish brown, costal margin 
nar.rowly black, thickened at R 1 forming an incipient pterostigma, 

. apical limbus speckled with black spots, 1st apical cell about six times 
longer than wide, 1 st discoidal cell pedicellate; legs, upto basal half of 
femora black, tibiae reddish brown, tarsi pale white, with shades of 
black; body beneath black, with short pale white hairs. 

Measurements.-Length from frontal margin to tips of tegmina 
6.0 mm., to tip of posterior process 4.3 mm., width across humeral angles 
3.0 min., at eyes 2.4 mm. 

Male.-Slightly smaller; general coloration jet black; tegmina with 
a somewhat narrow apical black band extending OVer apical limbus 
and a br~ad subapical band. 

Measurements.-Length from frontal margin to tips of tegmina 
5.6 mm., to tip of posterior process 4.2 mm., width across tips of 
humeral angles 2.7 mm., at eyes 2.2 mm. 

Fifth instar nympJz.-General coloration deep brown; body robust, 
highly bristled; head vertical, about 2.5 times wider than long, slightly 
convex, apex truncate; ocelli obscure; pronotum high, sloping upwards 
and backwards; metopidium vertical upto three-fourths of its height 
and then sloping backwards to disc; pronotal process slightly curved 
behind extending OVer basal half of mesonotum; tuberculate spines on 
metopidium directed forwards; spines on la teral aspects of thorax smaller 
and dense; mesonotum with posterior margin declivQus, hardly 
prod~ced into a process; tegminal wing pads with costal angles dis
tinctly demarcated, fringed with long bristles arranged as in mixta,' 
lateral lamellae long, narrow, cylindrical, each lamella fringed with 
4 or 5 spines springing from all sides of lamella; anal tube one-fifth the. 
total length of body, with rows of spines which are shorter right from 
base. 

Host plants.-Solanum melon,gena, \ Solanum torvum, Zizyphus oenoplia, 
Capsicum frutescens. 

Material studied.-40 females, 6 males and numerous nymphal instars, 
Madras, October to December, 1967. 

Gargara malabarica n.sp. 

(Text-fig. 33) 

Female.-General colour ochraceous brown; head vertical, black 
with shades of brown, nearly thrice as wide as long; vertex with upper 
margin nearly planate, finely punctate with short adpressed golden 
yellow pilosity~ lower margins broadly rounded and obliquely conti
nuous to frontoclypeus; eyes dark brown; ocelli dull succineous, a little 
closer to eyes than to each other and situated slightly above the centro
ocular line; frontoclypeus with half of its length extending below vertex; 
lateral lobes small, free; tip broad, truncate, fringed with rather long 
golden pilosity, marginal carinae jet black. Thorax: Pronotum dark 
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Text-fig 33. Gargara malabarica n. sp. 
1. Adult female. 2. Adult male. 3. Frontal view of female. 4. Frontal 

view of male. 5. Dorsal view of pronotum of female. 6. Doreal view of pl'onotum 
of male. 7. Tegmina of fem..~le. 8. Tegmina of male. 9. Hind wing. 10. Male 
genita.lia, lateral view. 11. First instar nymph. 12. Second instar. 13. Third 
itlbtar. 14. Fourth instar. 15. Fifth instar. 
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brown, shad tng to je t black on median and lateral carinae and apical 
fourth of posterior process; metopidium three times as wide as high, 
covexly sloping backwards in to disc; punctate with golden hairs more 
dense at bases of humeral angles; supra-ocular callosities not prominent; 
humeral angles prominent, light bro,vn, blunt; posterior process strongly 
tricarinate, running horizontally back,vards as far as the middle of 5th 
apical cell of tegmina, apical fourth jet black, tip a little curved upwards 
an~ acute, median carina finely percurrent on metopidium; scutellum 
a horted cen tl'ally, lateral basal areas exposed, punctate and some"vha t 
tomentose; tegmina about two and t"ro-thirds as long as wide, hyaline, 
basal fifth reddish brown, leathery and punctate, veins light reddish 
bro"vn, a distinct reddish bro\vn patch on R 1 and rs; a lighter spot at 
anal angle; 1 s t apical cell t\Nice as long as 2nd apical cell; lateral areas 
of thorax densely whitely tomentose; legs reddish brown except coxae 
,vhich are black. Abdominal tergites dark bro\vn, genital plates densely 
pubescent. 

Measurements.-Length from frontal nlargin to tips of tegmina 
4.5 mm., to tip of posterior process 3.4 Innl., \vidth across tips of humeral 
angles 2.2 mm., at tyes 2.0 mm. 

Male.-Smaller, general colour black or almost black; upper margin 
of vertex arcuate and somewhat sinuate; frontoclypeus \\'ith one-third 
of its length extending beyond vertex, la teral lobes more or less fused 
to lateral margins of frontoclypeus, tip broader than in female. Thorax: 
Pronotum black, shaded to bro\vn, finely punctate with closely adpressed 
pale yeUo\v hairs, tip of posterior process pitch black, bluntly acute, 
~ little decurved and e'{tending as far back as tip of 5th apical cell of 
tegmina. 'Tegmina nearly 2.5 times as lrng as "vide. 1 sf apical cell 
less than twice as long as 2nd apical; reddish bro\vn patch on RI and rs 
less conspicuous than in female; abdominal tergites dark brown with 
intersegmental membranes lighter. bifid tips of subgenital sternal plate 
divergent, broad, enlarged and densely pubescent. 

Measurefn:ents.-Length from frontal Inargin to tips of tegmina 
3.9 mm., to tip of posterior process 2.8 mm., \vidth across tips of humeral 
angles 1.9 mm., at eyes 1. 7 mIn. 

Nymph.-Fifth instar: Greyish bro,vn; head directed backwards, 
twice as wide as long, eyes large fuscous; ocelli not visible; pronotum 
densely pilose dorsally; metopidium some\vhat sinuate, sloping back
\vards to disc; posterior process tapering, extending over three-fourths 
the length of mesonotum; mesonotal process obscure; Inetathorax about 
one-third a? long as Inesothorax; ,ving pads large, extending as far as 
4th abdomInal segment, claval area denlarcated from corium costal' . ' margIn dark bro\vn, costal angles broadly rounded and not sharply 
demarcated; abdomen densely hairy; dorsal tubercles as in rustica; 
lateral lamellae, of moderate length, each bearing 5 or 6 thin spines; 
a~al tube. one-fifth the total body length, stout and nearly cylindrical, 
\vlth longItudinal ro\vs of very short tuberculate spines. 

Host plant.-Phyllanthus emblica. 

Holotype .. ~clnale; 18 fenlale 7 male paratypes, 10 nepionotypes, 
Walayar, 8.Vl11.1967; Talnbaram, l.xii.1967. 
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The species is nearest to extrema but differs in the smaller size, in 
the nature of the pronotum which is coarsely ochraceously pilose, in 
the straight posterior process, in the hyaline tegmina which is not fuscous, 
and in the non-pedicellate 1st discoidal cell of tegmina. 

Gargara rustica n.sp. 

(Text-fig. 34) 

Female.-General colour rusty brown; head declivous, about two 
and a half times, wider across extremi ties of eyes than length of vertex, 
brown, sprirtkled with red spots, densely pilose with golden yellow hairs; 
vertex about one and three-fourths as wide as long, upper margin pla
nate, lower margins obliquely sloping to frontoclypeus; eyes subglobate, 
dark brown; ocelli jet black, small, slightly closer to eyes than to each 
other and located well above c-o-line; frontoclypeus greyish brown, 
extending about one-third its length below lower margins of vertex, 
,it-s-lobes entirely fused upto tips and together forming a broadly rounded 
tip fringed with somewhat longer pale yellow hairs; rostrum reaching 
bases of middle coxae; antennae rusty brown, their length equals half 
the width of frontoclypeus. Pronotum reddish brown, metopidium 
convex and sloping backwards, distinctly punctate, with yellow 
hairs, disc convex, sprinkled with rusty brown spots, humeral angles 
moderately prominent, light brown, their posterior angles rounded 
a:n_d tips. blunt; posterior process arising horizontally from disc, fitting 
tightly.-against sC,utellum and -contiguous with tegmina, basally broad 
and hollow ventrally, tricarinate, median' carina finely continued on 
metopidium, terminal one-fourth of posterior process jet black, tip acute, 
just passing the anal ang~es of tegmina; scutellum twice as broad, as 
long, deeply excava,ted at tip, incompletely chitinised in middle, strongly 
chitinised and punctate laterally; tegmina hyaline, nearly two and 
a heilf times longer th~n wide,' extreme base cpriaceous and punctate, 

,veins reddish brown bordered with short hairs, 1st discoidal cell not 
petiolate, 2nd discoidal cell half as long as 1st apical cell, rusty brown 
patches on apical limbus opposite to 2nd, 3rd and 5th apical cells and 
a t ~n~l angle; lateral areas of ~;tl9rax cretaceously sericeous; legs light 
z:eddish brown except coxae and trochanters wh~ch are black; abdomen 
dark reddish brown, lateral areas of sternites som~what whitely tome~-
tose; ovipositor robust, darker. . 

Measurements.-Length from fro~tal margin to tips of tegmina 4.0 
mm., to tip of posterior process 3.2 mm., width across humeral angles 
2.1 mm., at eyes 1.8 ~m. 

Male.-General colour jet 'black, smaller than female, eyes pale 
white with shades of yellow; metopidium, disc' and posterior process 
pitch black with short silvery white adpressed hairs; tegmina subhyaline, 
sprinkled with rusty spots, veins black. 

Measurements.-Length from frontal margin to tips of tegmina 
3.3 mm., to .tip of posterior process 2.6 mm., width across humeral angles 
1.8 mm., at eyes 1.5 mm. 
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Text.fig. 34. Gargata ')'ust'i-ea n. sp. 

1. Egg-slits on host st.em. 2. Eggs. 3. First instar. 4. Second insta.l'. 5. 
Third instar. 6. Fourth instar. 7. Fifth instar of female. 8. Fifth instar of male. 
9. Adult female. 10. Adult male. 11. Frontal view of female. 12. Frontal 
view of male. 13. Dorsal view of pronotum of male. 14. Dorsal view of pronotum 
of female. 15. Head, frontal' elevation. 16. Scutellum. 17. Tegmina, 18. Male 
terminalia. 
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Fifth instar.-Strikingly dimorphic. Female larger, pale green, 
densely hairy; head directed backwards, 2.5 times wider than long, 
vertex with dense pilosity and long slender tuberculate spines; ocelli 
not visible; antennae as long as width across frontoclypeus; prothorax 
longer than pterothorax; metopidium convex, gradually sloping back
wards, thickly hairy; posterior process densely pilose, passing over the 
entire length of mesonotum; tip acute; mesonotal process prominent; 
wing pads relatively small and narrow, their costal angles not distinctly 
demarcated; abdominal dorsal tubercles arranged as in extrema, but 
lateral lamellae short, each with 4 or 5 long spines besides smaller ones 
interspersed; anal tube a bOll t one-fifth of total body length, clothed 
with moderately long tuberculate spines. 

Male fifth instar about three-fourths as long as female; head directed 
downwards, eyes prominent; prothorax shorter than pterothorax; pro
notal posterior process some-what broader and blunt, not extending 
oVer the entire length of mesonotum; wing pads very large, sprinkled 
with short hairs, costal angles very distinct; abdominal lateral lamellae 
with 4 to 6 spines. 

Host plant.-Zizyphus jujuba. 

Holotype female; 35 female and 13 male para types, 21 nepionotypes, 
Madras, 12.ix.1967. 

In this dimorphic species, the male is very near to rohusta Distant 
in the general coloration of body and in the spots near the apex of clavus; 
the female is nearest to mixta in the ochraceously pilose pronotum and 
in the non-pedicellate 1st discoidal cell, but differs in the presence of 
reddish brown patches in the apical areas of costal margin, apical 
limbus and near apex of clavu·s. 

Key to species of Gargara Amyot and Serville based upon Fifth 
instar nymph 

1 (6) Spines on abdominal lamellae regularly arranged along margins. 
2 (3) Body large, 4.75-5.25 rom. long; metopidium convex and obumbrant 

at base and then sloping backwards; pronotal posterior ·process ex-" 
tending upto one"half the length of mesonotum; lateral lamellae of 
abdomen long and broad, fringed with 8 or 9 long spines; castaneous 
patches scattered all over body. . mixta Buckton 

3 (2) Body small; 2.0-2.75 nun. long; lateral lamellae of abdomen short, 
fringed with 5-7 moderately long spines. 

4 (5) Head thrice as wide as long; pronotal posterior process short, never 
extending over mesonotum; abdominal dorsal tubercles adpressed to 
body; reddish brown patches scattered over body. . albitarsis n.sp. 

5 (4) Head twice as wide as long pronotal posterior process long, extending 
over the entire length of mesonotum; abdominal dorsal tubercles 
erect; no red patches scattered over body. . madrasensis n.sp. 

6 (I) Spines on abdominal lateral lamellae not regularly arranged along 
margins, but springing from the sides. 

7 (8) Body large, 4.0 .. 4.5 rom. long; metopidium vertical upto three-fourths 
its height and then sloping backwards; pronotal posterior process ex
tending upto one half the length of mesonotum; lateral lamellae of 
abdomen with 4 or 5 spines, longer thanI amelIa. . extrema Dist. 
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8 (7) Body of moderate size, 3.25-3.75 mm. 

9(10) Pronotal posterior process extending over the entire length of melo
notum, mesonotal process prominent; wing pads of female short and 
narrow; lateral lamellae of abdomen short and narrow with 4 or 5 
spines. . rustica n.sp. 

10 (9) Pronotal posterior process extending upto three-fourths the length of 
mesonotum; mesonotal process obscure; abdominal lateral lamellae of 
moderate size, with 5 or 6 spines. .malabarica n.sp. 

Tribe Cococosterphini Distant 1908 

The tribe Coccosterphini is very closely related to Gargarini,from 
which. it is distinguished by the scutellum which is abortive in the 
middle. The pronotum is eith:er tuberculate or not. The tegminal 
veins are coarsely or finely tuberculate; a distinct pterostigma may 
be present or absent. 

Genus Coccosterphus Stal 1869 

1869. Coccosterphus St~l, Hem. Fabr., 8: 67. 
1903. Phaerotus Buckton, Mon. Memb.: 255. 

(Type of the genus Membracis minutus Fabr.) 

Body small, obovate; head declivous, two. and a half to ~hree times 
as wide as long, width across eyes equal to width of metopidium; eyes 
somewha t deflexed; ocelli nearer to eyes than to each other and situated 
on or above centro-ocular line; tip offrontoclypeus on a line with lower 
margins of vertex or extending below ~o a variable degree, its lobes 
entirely fused; pronotum modera,tely convex, finely 'or coarsely tuber
culate, metopidium about one and a half times as wide as high; supra
humeral horns absent; humeral angles prominent; base of posterior 
process broadly triangular, depressed from base to middle, closely fitting 
against scutellum and contiguous with tegmin~l inner margins, apex 
laminately convexly raised', reaching apex of clavus; scutellum aborted 
in the' middle, apices' spine-like; tegmina with or without a distinct 
pterostigma, obliquely rounded, apical limbus narrow, base opaque 
and coriaceous, veins stout" bearing small or large nodulose tubercles, 
with 5 apical cells and two or three discoidal cells, outer discoidal cell 
petiolate in some, apical cells qften. divided by abnormal cross veins; 
hind wings with three apical cells. 

Key to species 

1 (4) Tegmina with a distinct pterostigma; tubercles on pronotum and teg
minal veins small. 

2 (3) Pronotum light brown, with a strong tubercular basal ridge project 
ing forward, a broader less elevated convex ridge on either side; 
base of vertex broadly truncate; ocelli located -on c-o-l . 

. paludatus Distant. 
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3 (2) Pronotum rusty brown; metopidhun with a median and a pair of 
lateral greyish white streaks; base of vertex strongly arcuate; ocelli 
located above c-o-I. . tuberculalus (Motsch.) 

4 (1) Tegmina lacking a pterostigma; tubercles on pronotum and tegmi-
nal veins large. . minutus (Fabricius) 

Coccosterphus minutus (Fabricius) 

(Text-fig. 35) 

1798. Membracis minuta Fabricius, Ent. Syst. Suppl.: 514. 
1803. Centrotus minutus: Fabricius, Syst. Rhyng.: 22. 

1851. Scaphula (?) minuta: Walker, List of Hom. Br. Mus. 2: 589. 
1869. Coccosterphusminutus: Stal, Hom. Fahr. 8: 51. 
1903. Scaphula minuta: Buckton, Mon. Memh.: 149. 

Female.-General colour black; head two and a half times wider 
than long, sprinkled with granules, sparsely pilose with short adpressed 
pale white hairs; eyes hemispherical~ dull white; ocelli nearer to eyes 
than to each other and located above centro-ocular line; frontoclypeus 
nearly oval, about half of its length extending below lower margins 
of vertex, tip broadly rounded; pronotum black, with large tubercles 
and granules; metopidium .nearly vertical, humeral angles prominent 
and finely punctate, suprahumeral horns absent; posterior process 
broadly triangular, slightly elevated behind disc, dorsal carina obsolete 
anteriorly, interrupted in the median depressed part of posterior process, 
apical region laminately convexly raised and strongly tuberculate, tip 
acuminate; tegmina 2.5 times longer than wide, lacking pterostigma,. 
pale greyishly flavescent, basal third coriaceous, punctate and black, 
veins more or less infuscate, coarsely tuberculous, ~pical area tinted 
with reddish brown patches, first apical cell wedge-shaped, twice- as 
long as broad, first discoidal cell stylate; hind wings with 3 apical cells. 

Measurements.-Length from frontal margin to tips of tegmina 
3.0-3.25 nun., to tip of posterior process 2.2-2.4 mm., width across hume
ral angles 1.8-2.0 mm., at eyes 1.7-1.8. 

Male.-Smaller than female; pronotum and legs black, tegmina 
as long as abdomen, semilucid yellow with white dots. Genitalia, with 
sternal plate pitch black, cleaved to about three-fourth of its length 
from apex; lateral valve wedge-shaped) process very short and unchiti
nised; aedeagus and parameres as in tuberculatus. 

Measurements.-Length from frontal margin to tips of tegmina 
2.5-2.75 mm., to tip of posterior process 1.8-2.2 mm., width at humeral 
angles 1.6-1.8 mm., at eyes 1.6 mm. 

Fifth instar llymph.-Colora tion green; head with closely arranged 
granules and very short tuberculate spines arranged in a characteristic 
manner, base of vertex planate, border~d by slender bristles; tip of rost
rum extending to basal half of mesothorax; eyes prominent, ocelli in
conspicuous; lower margin offrontoclypeus on a line with lower margins 
of vertex, densely setose; metopidium slightly concave in front, granu
lose, a transverse keel on either side margined by short closely arranged 
tubercles; posterior process of pronotum high above mesonotum,' passing 
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Text-fig. 35. Oocco8terphu8 minutus (Fabricius) 
1. Twig with egg~slits. 2. A single egg. 3. First instar. 4. Second instar. 

5. Thh-d instar. 6. Fourth instar. 7. Fifth instar. 7a. Rudiments· of male 
genitalia of fifth instar. 7b. Rudiments of female genitalia of fifth instar. 's. Adult 
female. 8a. Head, frontal elevation. Sb. Pronotum, dorsal view. 8c. Scutellum. 
8d. Tegmina. 8e. Hind wing. 9. Male genitalia, lateral view. 9a. Sternal plate. 
9b. Paramere. 90. Lateral valve. 9d. Anal ring. ge. Aedeagus. 



ANANTHASUBRAMANIAN & ANANTHAKRISHNAN: Indian Membracids 257 

oVer basal half of the latter and bearing tubercles tipped with short 
spines; posterior borders of thoracic tergites fringed with rows of fine 
hairs; mesonotal process tuberculate, slightly overlapping metanotum; 
~ving pads broad, granules scattered throughout, costal angles very 
\vell demarcated, bordered vvith tuberculate spines; abdomen with 9 
seglnents, the first one is very narrow, the last forming the anal tube; 
dorsal tuberculate spines adpressed to body; lateral lamellae semicir
cular, vvith 7 penicillate spines fringing each lamella; anal tube shorter 
than the combined length of the three preceding segmen ts; genital rudi
Inents distinct in male and female. 

Host plants.-Prosopis spicigera, Cestrum diurnum, Tecoma stans, Vernonia 
sinerea, .Acalypha Spa 

JYlaterial studied.-I05 females, 39 males, and numerous nymphs, 
Madras, -.xii.1966. 

Coccosterphus paludatus Distant 

(Text-fig. 36) 

1916. Coccosterplws paludatlls Distant, Fauna Brit. India, Append. 6: 175. 

Female.-General colour light brown; head nearly vertical, two and 
a half times wider than long, thickly greyishly pilose, base of vertex 
broadly truncate; eyes hemispherical, pale white; ocelli nearer to eyes 
than to each other and located on centro-ocular line; frontoclypeus 
greyish pilose, ~vith its distal half extending below lower margins of 
vertex, tip broadly rounded, frontoclypeal lobes fused; pronotum light 
brown, finely tuberculate on median dorsal ridge, with a broad elongate 
tuberculate riqge on either side; metopidium vertical, with two broad 
nearly oval ri9i' \.-.:i one on either side of the median carina which is finely 
percurrent; su1)rahumerals absent; humeral angles prominent, thickly 
pilose; posterior process gradually acuminate, base broadly triangular, 
concave behind base, apical area black, strongly compressed and convex; 
scutellum incomplete in the middle; tegmina two and a half times longer 
than wide, \vith a distinct pterostigma, greyish white, basal third coria
cious and dark brownish ochraceous, followed by a transverse greyish 
~vhite line, distal half of tegmina with reddish brown patches forming a 
broad transverse fascia, apical area sprinkled with brown spots, veins 
reddish brown with small sparse tubercles arranged linearly; legs black 
upto three-fourths of femora, tibiae ochraceous, tarsi light brown. 

Measuremellts.-Length from frontal margin to tips of tegmina 
3.6-4.0 mIn., to tip of posterior process 2.7-2.9 mm., \vidth acr?ss 
humeral angles 2.3-2.5 Inm., at eyes 1.8-2.0 mm. ' 

Male.-Similar to female. Genitalia, with sternal plate cleaved to 
t\vo-thirds of its length from apex; lateral valves wedge-shaped, process 
long and unchitinised; aedeagus V-shaped, tip acuminate; tips of para
Ineres slightly expanded; connecting plate rectangular. 

Measurements.-Length from frontal margin to tips of tegmina 
3.5-3.8 mn1., to tip of posterior process 2.6-2.8 mm., width across 
hUlneral angles 2.1-2.4 mm., at eyes 1.6-2.0 mm. 
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Text-fig. 36. CoccosterphU8 paludatu8 Distant 

1. Egg slits on Morinda fruit. 2. Egg slit cut open to show eggs. 3. First 
instar. 4. Second insta,. 5. Third instar. 6. Fourth instal'. 7. Fifth instal'. 
7a. Dorsal view of fifth instal'. 8. Adult female. 9. Frontal view. 10. Frontal 
elevation of head. 11. Pronotum. dorsa.l view. 12. Scutellum. ISs, b, c. Var.ia
tiona In tegminal venation. 14. Hind wing. 15. Male genitalia, 1ateral view. 16. 
Rudiments of female genitalia in fifth instal', 17. Rudiment.s of male genitalia in 
~fth instal' ~ " 
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Fifth instar nymph.-Strikingly different from that of minutus,. body 
nearly cylindrical, heavily chitinised fore-shadowing the shape and 
colour of adult; general colour brown dorsally, pale green ventrally; 
head 2.5 times wider than long, base of vertex planate, cranial tuber
cules persistent; fron toclypeus neVer extending beyond lower margins 
of vertex; rostral tip extending upto middle of hind coxae; thorax nearly 
as long as abdomen; metopidium convex in front, pronotum sprinkled 
with granules and short spines on tubercles; a longitudinal carina on 
disc confluent with a pair of lateral ridges, giving a characteristic cruci
form structure, covered with dense tuberculate spines; median ridge 
continued over posterior process which overlaps the basal half of meso
notum; mesonotum with a median ridge; metanotum narrow, bearing 
a group of spines on a smaller median ridge; wing pads greyish brown, 
costal angles distinctly demarcated; abdominal dorsal tubercles tooth
like and heavy; lateral lamellae fiat, with 6 or 7 penicillate spines; an~l 
tube about one-seventh the length of body. 

80st plants.-Morinda sp., Cestrum diurnum, Lawsonia alba, prop roots 
of Ficus bengalensis. 

Material studied: 80 females, I g- males and numerous nymphs, 
Madras, l.ix.1965. 

Coccosterpbus tuberculatus (de· Motschulsky) 

(Text-fig. 37) 

1859. Anomus tuberculatus de MotschuIsky, Etud. Ent. 8: 109. 
1903. Gargarafasciata Melichar, Hom. Faun. Ceylon, : 122. 
1903. Coccosterphus tuberculatuf: Melichar, Hom. Faun. Ceylon, : 121. 

Female.-General colour dark brown; head twice as wide as long, 
rusty brown, sparsely pilose with pale white hairs, base of vertex strongly 
arcuate and sinuate, eyes prolninently projecting laterad; ocelli closer 
to eyes than to each other and situated slightly above centro-ocular line; 
frontoclypeus extending three-fourths its length below lower margins 
of vertex; pronotum rusty brown above, thickly and finely punctate, 
·clothed with short greyish white hairs; metopidium nearly twice as wide 
as:·high, with a vertical, median and two lateral greyish white streaks; 
a pair of broad, oval tuberculate ridges one on either side of median 
ridge on metopidium; posterior process distinctly keeled dorsally, finely 
tuberculate, apical area black, strongly compressed and convex, with 
short tubercles, apex reaching tip of clavus; tegmina about 2.75 times 
longer than wide, hyaline, with a distinct pterostigma, basal one-third 
coriaceous and rusty brown, a broad rusty brown transverse fascia 
beyond middle of tegmina, apical area speckled with reddish brown 
patches, veins reddish brown, moderately stout, with sparsely arranged 
tubercles; hind wings with 3 apical cells; legs, with tibiae rusty bro~n, 
trochanters and femora black, tarsi yellowish with black spots. 

Measurements.-Length from frontal margin to tips of tegmina 
3.4-3.8 mm., to tip of posterior process 2.4-2.7 mm., width at 
humeral angles 1.7-1.9 mm., at eyes 1.7 mm. 
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Text-fig. 37. OoccosterphU8 tuberculat,us (Motsch.) 
1. Twig with egg slits. 2. Egg slits exposed. 3. An egg. 4. First instar, 

lateral view; 4a. its dorsal view. 5. Second instar, lateral view; 58,. its dorsal 
view. 6. Third instar, lateral view; 60,. its dorsa.l view. 7. Fourth instar, lateral 
view; 7 a. its dorsal view. 8. Fifth instar, lateral view; 80,. its dorsal view _ 8b. 
Frontal view of fifth instar. 9. Adult female. 10. Adult male. 11. Frontal view 
of female. 12. Pronotum of female, dorsal vie",-. 13. Scutellum. 14. Pronotum 
of male, dorsal view. 15. Frontal view of male. 16. Male genitalia, lateral view. 
17, a-6. Variations in tegminal venation. 18. Hind wing~ 
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Male.-Smaller than female, jet black; genitalia similar to that of 
paludatus. 

Measurements. Length from frontal margin _ to tips of tegmina 
3.0-3.5 mm., to tip of posterior, process 2.2-2.5 mm., width at 
humeral angles 1.5-1.7 mm. , at eyes .1.5 mm. 

Fifth instar nymph.-Similar to paludatus, differing only in the colour 
patterns; general coloration greyish with shades of black; head, prono
tum, lateral parts of segments 3 to 6 of abdomen black, dorsal tubercles 
'dark brown, rest of body greyish; lower surface of abdomen pale green; 
anal tube raised upwards, about one-fifth the length of body. 

Host plants.-Phyllanthus emblica, Morinda tinctoria. 

Material studied.-85 females, 20 males and Inany nymphal ins tars, 
Madras, 10.i.1966. 

Key to species of'Ooccosterphus based on Fifth instaT nymph_ 

1 (2) Metopidium vertical, dorsal tuberculate spines simple and short; 
abdominal lateral lamellae small and crescentic bearing 7 penicillate 
spines; body uniformly green. . .minutus Fabr. 

2 (1) Metopidium convexly obumbrant; dorsal tubercles of abdominal seg .. 
ments tooth-like, heavy and multispinous; abdominal lateral l~mellae 
larger, flat, each with 6 or 7 short, stout, penicillate spines aFranged 
in a palmate manner. 

3 (4) Body yellowish brown .. 

4 (3) Body greyish black .. 

. paludatus' Dist. 

. tuberculatus (Motsch.) 

Genus Parayasa Distant 

1916. Parayasa Distant, Fauna Brit. India, Append. 6: 180. 

(Type of genus Parayasa typica Distant) 

Body small; head 3 times wider across extremities of eyes than length 
of vertex; eyes subglobate; ocelli about as near to eyes as to each other 
and situated on centro-ocular line; frontoclypeus extending to one, half 
its length below lower margins of vertex; tips broadly rounded, 'clypeal 
lobes fused; pronotum rather low, not tuberculate, metopidium slightly 
convex; humeral angles prominent with posterior margins rounded; 
suprahumeral horns absent; posterior process broadly triangular at 
base, more or less concavely sinuate, closely fitting against scutellum 
and contiguous with inner margins of tegmina, apical area laminately 
convex, tip just reaching the apex of 2nd anal cell of tegmina and not 
reaching the posterior angle of the inner margin of tegmina; scutell~m 
aborted in the middle; tegmina nearly thrice as long as wide, apical 
limbus narrow, 5 apical cells and 2 discoidal cells, veins finely tubercu
lous; hind wings with 3 apical cells. 
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Parayasa maculosa Distant 

(Text-fig. 38) 

1916. Parayasa maculosa Distant, Fauna Brit. India, Append. 6: 127. 

Female.-Head brownish ochraceous, thickly pilose, about thrice 
as wide as long, base of vertex broadly truncate, eyes subglobate, pale 
white; ocelli equidistant to each other and from eyes and located on 
centro-ocular line; frontoclypeus sparsely pilose, with half of its length 
extending below lo\,\rer margins of vertex; pronotum reddish brown, 
finely punctate, with short, thickly arranged pale white hairs; metopi
dium convex in front; posterior process closely fitting against scutellum, 
nearly straight, tip acute, reaching the 2nd anal cell of tegmina, dorsal 
carina percurrent through metopidium; tegmina about 3 times longer 
than wide, basal fourth opaque, dark, thickly punctate, 2n·d discoidal 
cell nearly one and a half times longer than first, first apical cell wedge' 
shaped; scutellum reddish brown, aborted in the middle; legs, with 
trochanters and femora black, rest light reddish brown. 

Measurements.-Length from frontal margin to tips of tegmina 
4.0 mm., to tip of posterior process 2.0 mm., width at humeral 
angles 1.5 mm., at eyes 1.4' mm. 

Male.-Similar to female. Genitalia, with sternal plate cleaved 
to about two-thirds of its length; lateral valves elongate-oval, process 
about half as long as valve; aedeagus and parameres similar to those 
of Coccosterphus. 

Fifth instar nymph.-General colour deep green; body laterally com
pressed; head directed b,ackwards, rostral tip reaching middle of hind 
coxae; eyes brown; ocelli inconspicuous; thorax nearly as long as a bdo
men excluding anal tube; metopidium nearly vertical; posterior process 
about two-thirds the length of mesonotum; wing pads extending back 
to 3rd abdominal segment, costal angles distinct; lateral lamellae similar 
to those of Coccosterphus, each lamella bearing 6 penicillate spines. 

Material studied.-6 females and 3 males and 6 nymphs, Kodiakanal, 
22.vi.1968. 

DISCUSSION 

The occurrence of considerable intraspecific varIatIon in the 
Membracidae though generally accepted, has not been emphasised in 
spite of profound plasticity snown by, many species with reference to the 
pronotal structures and the tegminal characters, which has -led to much 
confusion in the matter of allocating the species to their correct taxa. 
That the suprahumeral horns are liable to vary considerably within 
species has been clearly exemplified by' Oxyrhachis tarandus and Leptocen .. 
trus varicornis (Text-fig. 2 & 13). Equally significant is the existence of 
sexual dimorphism, the occurrence of which was not recorded in the past 
except by Capener (1962, 1968) in the African Oxyrhachinae and Cen
trotinae. Observations herein presented are in agreement with Capener 
in that the basic error in the classification was the separation of groups 
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Text-fig. 38, Pal'ayasa maoulosa Distant 

.' ,. .a~ 

1. Adult fema.le. 2. Dorsal view of pronotum. 3. Frontal view, 4, Tegmina, 
5. Hind :wing, 6. Scutellum, 7, Male genitalia, lateral v:iew. 8. Fifth instar. 
8a. Lateral laxnella, of fifth instar. 
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based on the presence or. absence of suprahumeral horns. Tricentrus pu~
pureus and Telingana consobrina provide typical examples in support ?f thiS 
view since their suprahumeral horns exhibit marked differences In the 
two sexes. Above all, the discovery of polymorphism with regard to the 
degree of development of suprahumeral horns in Tricentrus pilosus 
(Text-fig. 24) where both the males and the females exhibit a gradation 
between individuals with well developed' horns and those lacking the 
horns, is an instance of the extreme lability of these structures and the 
risks involved in r~lying too much on them for the determination of 
the species. 

Distant (1908) differentiated Tricentrus from Gargara by the presence 
of suprahumeral horns in the former genus, but the apparent weakness 
of this character is demonstrated by the discovery of Tricentrus decornis 
which lacks the suprahumeral horns in both the sexes and might easily 
be allocated to the genus Gargara, were it not be for the presence of the 
armed hind trochanters equipped with rows of strong spines on an eleva
ted disc (Text-fig. 28). The spined trochanters were first used by Stal 
for separating his genera, Tricentrus and Sipylus. Distant (1908), while 
(1866) admitting the soundness and reliability of this character, 'felt that 
it is "somewhat difficult or obscure character to always distinguish" 
But as Funkhouser (1917) has stated, Distant's criticism is not valid since 
the spines on the hind trochanters are plainly visible from a caudal view 
of the insect. Moreover, removal of one of the hind legs for examining 
the trochanters will not in any way damage the other useful structures 
of taxonomic value. 

Although of considerable systematic value, the tegmina were not 
given due importance in the past. Distant (1908) remarked that the 
number of tegminal apical cells is "an uncertain character owing to 
the different method of computations used by describers" More 
recent workers, particularly Evans (1948) and Capener (1968) have 
stressed the importance of tegminal characters. In all the species stu
died, the tegmina present 5 apical cells. The relative length and width 
of the 1st apical cell has proved to be of value at generic level and has 
been largely used in the present studies in separating genera and species. 
The 1st and the 2nd discoidal cells are no less important. The former 
may be stylate in some species and bears a definite relationship in its 
size to the latter. Sexual dimorphism has been noticed to occur in 
Telingana consobrina, the male tegmina possessing but one discoidal cell 
(Text-fig. 19). The most striking tegmina! character deserving consider
ation is the presence or absence of a pterostigma. This structure is 
formed by a chitinised thickening of the tegminal membrane near RI. 
The tribe Leptocentrini lacks a pterostigma while in the Centrotini 
it is present in some like Anchon and absent in others like Tricentrus and 
Centrotus. In the Gargarini an incipient pterostigma has been dis
covered in Gargara malabarica and O. mixta, the latter possessing the 
struct~re only in the male. In the tribe Coccosterphini, the genus 
Co.ccosterphus is of particular interest as two of the species, C. paludatus 
DISt .. and c. tuberc~latus (Motsch.) possess a distinct pterostigma while 
c. m!nutus lacks thIS structure. According to Capener (personal corn
~unIcation, 1966) the presence or absence of a tegmina! pterostigma 
IS a ve~y important character and has been largely used in the separation 
of AfrIcan genera. Capener's suggestion of separating minutus and 



ANANTHASUBRAMANJAN & ANANTHAKRISHNAN: Indian Membracids 265 

paludatus into two genera finds favour when considered in conjunction 
with the male genitalia and nymphal characters, which show striking 
differences to warrant the r-ev'ision of .the genus Coccosterphus. In C. 
paludatus and C. tuberculatus (Text-figs. 36 & 37) there is also a tendency 
for the apical cells to get subdivided by abnormal cross veins. 

The importance of the hind wings has been recognised by earlier 
workers in the separation of tribes. In the Leptocentrini and Centro
tini the number of apical cells in the hind wings have been found to be 
4 and 3 respectively. According to Capener (1968) the number of 
apical cells in the hind wings of all the tribes of the subfamily Centrotini 
are remarkably constant. However, many previous workers never 
made mention in descriptions of species about the number of apical 
cells in the hind wings which has resulted in confusion. For example, 
what Distant (1908) thought as Centrotus indicatus Melichar has now 
turned out to be Otinotus indicatus (Melichar) in view of the presence 
of 4 apical cells in the long series of specimens collected from Madras. 
It may not be out of place to mention here that in the past the genus 
Centrotus has been a clearing house for a wide range of species and to-day 
most of those originally placed in this genus have been re-allocated 
to other genera. 

Present studies have also shown that intraspecific V'ariations do 
occur in respect of the number of apical cells in the hind wings. For 
example, the genus Anchon is characterised by three apical cells in the 
hind wings and as such designated to the tribe Centrotini. However, 
specimens collected from S. India and identified as Anchon echinatum 
Dist. (Text-fig. 39) and Anchon ulniforme Buckton reveal 4 apical cells in 
the hind wings showing the plasticity of this character previously belieV'
ed to be rigid. 

Funkhouser (1927) and Goding (1931) have called attention to the 
presence of "mesonotal teeth" as a diagnostic feature of the tribe Coccos
terphini; Distant (1908) who erected this tribe also diagnoses it as having 
the mesonotum armed at the apex with two distinct prolongations, 
acute or otherwise. However, no such teeth could be distinguished, 
in any of the species examined. Probably these authors meant the for
wardly directed mesopleural processes of Mc Atee and Malloch (1928). 
Hasenoehrl and Cook (1965) also noted the presence of ventrolateral 
teeth on the mesothoracic episternum in Oxyrhachis lefroyi and Stictoce
phala bubalus. Thus, while no mesonotal teeth appear to be present, 
mesopleural teeth or processes occur in all membracids and these struc
tures may not be characteristic of Coccosterphini. On a balance of 
characters that overlap and due to the fluid nature of several characters 
in the tribe Coccosterphini, Capener (personal communication) remarks 
that the genus Coccosterphus should be placed in the tribe Gargarini and 
has reiterated the same view in his monographic work on Centrotinae 
(1968). Though this view finds favour so far as the adult characters 
are concerned, it appears rather contradictory when the nymphal 
characters are considered. The abdominal lateral lamellae with their· 
fringing spines in all the species of Gargara are so strikingly different 
from those of Coccosterphus that the idea of including the genus Coccoster-
phus in Gar~arini has been kept in reserve! -



266 Records of the Zoological Survey- of India 

5 

2 
3 

Text-fig. 39. Anchon echinatum 

1. Adult female. 2. Frontal view. 3. Dorsal view of pronotum and scutellum. 
4. Tegmina. 5. Hind wing. 6. Scutellum. 

The importance of the genitalia has been stressed by Funkhouser 
(1917) who states "The male genitalia, while comparatively simple 
in structure, are extremely interesting and are well deserving of more 
serious study than has been given to them i~ the past" He further 
states in 'his concluding remarks: "On the whole the male genitalia 
afford good taxonomic characters. The relative position of the 
plates and the structure of the individual pieces show sufficient varia
tions throughout the family, and are constant enough within a genus, 
to furnish valuable data at least to supplement the more evident charac
te'rs of the exoskeleton" Buckton (1903) and Fowler (1897) believed 
the male genitalia as having very little practical value. Caldwell (1949) 
w~o attempted a ~ener~c riv~sion of tQe Ameri~an metp.bracids of th~ 
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tribe Ceresini pointed out the limitations of the use of genital structure 
in taxonomy in view of their identical nature in many different genera. 
Dennis (1960) examined a large number of Stictocephala bubalus (F.) 
with a view to determine the constancy or ·variability in the genitalia 
of both sexes of the species and he concludes that except for variations 
in the anterior arm of the aedeagus of the male and in the second valvula 
of the female, the uniformity of the genitalia is striking. It may be 
stated here that while the uniformity of genitalia within the species 
is certainly advantageous, their similarity in a number of species is dis
advantageous in using them as primary diagnosing characters. 
Capener (1962) dealing with Oxyrhachin~e states: "The male genitalia, 
from which so much was hoped, have proved unsatisfactory, for although 
on a tribal level they are distinctive, they have proved so similar in 
generCll shape and so variable in microscopic details, that they can only 
be used as subsidiary characters in certain species" 

The present studies tend to show the importance of the male genita
lia only as subsidiary characters in many of the species in view of their 
general similarity within the genus. For instance, in all the species 
of Leptocentrus the genitalic structures are remarkably uniform except 
for their size differences. Of all the genitalic components, the lateral 
valves with the process attached to them appear to have considerable 
value since they are distinct in the different genera. In all species of 
Oxyrhachis, the lateral valve is broadly ~riangular and the tuberc,:!late 
process is short and roughly globular attached at right angles to the 
long axis of the valve. In Leptocentrus the lateral valves are elongate 
oval and the process is always short and well chitinised. In Tricentrus 
and Gargara the lateral valves are nearly identical being broadly tri
angular, the process .very short and nodular. However, in Tricentrus 
the· pilosity on the process is very dense, the hairs as long as the valve, 
whereas in Gargara, the hairs on the process are always short. In Telin
gana, the valves are elongate oval and the process is as long as the valve, 
while in Otinotus indicatus the valves are longly triangular and its process 
longer than the valve and densely hairy. As stated earlier, the lateral 
valves of Coccosterphus paludatus and tuberculatus closely resemble each 
other, those of minutus being very distinct. The aedeagus presents little 
variation, but differs in the two subfamilies. In Oxyrhachinae the 
inner surface of the aedeagus is smooth without serrations, the tip blunt 
and broadly "rounded. In Centrotinae the inner surface of this struC?
ture is 'invariably serrated, the teeth being arranged in 3 rows. The 
parameres in Oxyrhachis have rounded tip while in the "Centrotinae the 
tip is shaped like the hood of a snake; however, in all species of Tricentrus 
and Gargara examined, the tip of the paramere is characteristically re
curved inwards. The sternal plate is invariably bifid, each divided 
plate terminating in a small apical lobe. 

_An analysis of the genitalic structures in the species mentioned above 
indicate~ a close relation between Tricentrus and Gargara, rather than 
Gargara and Coccosterphus; Parayasa and Coccosterphus with the exception 
of C. minutus are very closely related; this fact again indicates the dis
tinctiveness of Coccosterphini and Gargarini. In spite of the usefulness 
of the male genitalia atleast as subsidiary in the membraci.d taxonomy 
the ~eneral paucity of mal~ in coll~ctiop.s an~ the fact that in many' 
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species they are still unknown, precludes the possibility of using their 
geni talic characters in taxonomy at present. 

In the light of the above discussion it is clear that there are so much 
of overlapping of characters in the different species of adult membracids 
besides individual variations, added to sexual dimorphism in many ins.' 
tances and much difficulty is experienced to distinguish between closely 
related species. A knowledge of the nymphal characters will, therefore, 
help in diagnosing the species especially if one could associate 
both nymphs and adults so that they can be definitely associated as 
has been attempted in the present work. That the pronotal structures 
of the fifth instar nymphs, their dorsal tuberosities and lateral lamellae 
and the spines borne on them are ~ore or less constant and that 
they are of considerable value in the deter~ination of species haV'e 
already been pointed out. Although some earlier workers like Wilder
muth (1915) and Haviland (1926) thought that the spines and tuberosi
ties were of a variable nature having little value in taxonomy, Funk
houser (1917) and Yothers (1934) .have stressed their importance. The 
latter author has very accurately figured the tuberosities of all the nym
phal instars of Stictocephala inermis and pointed out how the arrangement 
of dorsal spines differed in Ceresa basalis. Although the importance of 
nymphal characters are realised, no attempts were made earlier probably 
for the simple reason that nymphs were not available for study, 
as correctly pointed out by Capener (1968): "Nymphs, unfortunately 
are all too seldom seen in collections and have rarely been associated 
with definite species" The present studies on nymphs have shown 
fairly well that it is possible to differentiate closely related species from 
a consideration of their nymphal differences. For instance, the adults 
of Leptocentrus leucaspis and L. nigra are very closely allied but they can be 
easily separated by examining their nymphs. Leptocentrus varicornis 
is a species exhibiting considerable individual variations in the adult 
stage, but its nymph with its extraordinarily long pointed pronotal 
anterior process which is a very stable character, immediately gives the 
clue about the species. Further, barring a few instances, nymphs never' 
exhibit any sexual dimorphism unlike many adults and this precludes 
the possibility of any confusion that might arise. Even in the extreme 
cases of polymorphic species like Tricentrus pilosus where the adults exhibit 
different grades from individuals with well deV'eloped horns to those 
totally lacking the horns, the fifth instar nymphs of all those types are 
remarkably uniform, at the same time exhibiting characters sufficient 
enough for distinguishing them from the nymphs of other related species. 
It was stated in the early part of this chapter that a Tricentrus lacking 
suprahumeral horns is liable to be mistaken for a Gargara unless one takes 
the trouble of examinaing the hind trochanters. But the fifth instar of 
Tricentrus is so strikingly different from the corresponding stage of a 
Gargara that the two can be distinguished most easily even by a casual 
perusal of their dorsal tubercles and lateral lamellae. It should be 
emphasized that though the .nymphal characters by themselves appear 
to be distinct enough to identify the species, tqeir form and shape never 
indicate that of the adult in the species studied here except in two 
species, Coccosterphus paludatus and ·C. tuberculatus, wherein tlie nearly 
cylindrical and serrate body of the 5th instar nymph with much shorten
ed
d 

anal tube is strongly indiGatiye 9f the sener~l appeara;n~~ of tA~ 
a ult, 
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As stated earlier there appe~rs to be a distinct linear relationship 
between the anal tube and body in the different stages of nymphs. A 
study of the relative growth has revealed relationships which, in many 
cases, appear in conformity with established taxonomic characters of 
adults. 

The number of species based on which the nymphal characters 
are analysed in the present studies is limited, but all the same they are 
suggestive of their significance in taxonomy and pave the way for future 
work on similar lines when more material is available and if new and 
more reliable characters are discovered they can always be incorporated 
without difficulty. 

TABLE 3 
Total length of body and length of anal tube of the nymphal instars (in mm.) 

( The figures are mean values of ten individuals at each stage) 

First Instar Second Instar Third Instar Fourth Instar Fifth Instal' 

Body Length Body Length Body Length Body Length Body Length 
length of length of length of length of length of 

Anal Anal Anal Anal Anal 
tube tube tube tube tube 

Oxyrhachis 
tarandus 1.25 0.34 2.5 0.5 3.25 0.6 4.9 0.8 5.5 0.9 

O. rufescens 1.26 0.35 2.2 0.5 3.4 0.7 5.0 1.0 5.8 1.1 
O.minusculus 0.8 0.16 1.4 0.28 2."4 0.46 3.3 0.7 4.5 0.88 
O. uncatus 1.0 0.20 1.8 0.35 3.0 0.50 4.1 0.7 4.8 0.8 
O. krusadiensis 1.0 0.18 1.9 0.35 3.2 0.55 4.1 0.7 5.5 1.0 
O. brevicornutus 0.8 0.20 l.4 0.30 2.8 0.50 3.5 0.7 4.8 0.9 
Telingana 

0.6 3.8 0.75 1.0 nigroalata 1.8 0.4 3.0 5.5 6.5 1.3 
T. consobrina 1.2 0.3 2.1 0.45 3.0 0.60 4.5 0.9 6.0 1.2 
Leptocentrus taurus 1.6 0.45 3.0 0.9 3.7 1.2 7.2 2.5 9.0 3.1 
L. rhizophagus 1.3 0.30 2.75 0.5 3.5 0~8 5.5 2.0 9.0 2.6 
L. varicornis 1.8 0.60 2.6 0.8 3.9 1.4 5.3 2.2 8.1 3.0 
J.,. leucaspis 1.9 0.40 2.5 1.0 3.8 1.4 7.7 2.6 8.9 3.2 
L. moringae 1.3 0.45 2.2 0.8 3.2 1.2 5.2 2.0 7.2 3.0 
L. bajulans 1.5 0.53 2.4 0.9 4.0 1.4 7.4 2.7 8.6 3.2 
L. nigra 1.6 0.45 2.8 0.95 3.8 1.4 6.0 2.15 8.8 3.1 
L. bauhiniae 1.4 0.47 2.7 1.0 3.4 1.3 6.0 2.1 7.8 2.9 
L. mangiferae 1. 75 0.6 2.75 0.7 3.9 1.7 7.0 2.3 8.1 2.7 
L. major 1.9 0.55 3.1 0.9 4.4 1.6 6.9 2.1 9.6 3.5 
Otinotus oneratus 1.4 0.3 2.1 0.4 3.3 0.6 4.9 1.0 6.1 1.5 
O. mimicus 1.3 0.25 2.2 0.4 3.2 0.7 4.6 0.9 5.3 1.6 
O. indicatus 1.2 0.3 2.4 0.48 3.4 0.68 4.5 0.9 6.0 1.4 
O.obliquus 1.5 0.3 2.8 0.5 3.6 3.70 5.0 0.8 6.6 1.2 
Tricentrus pilosus 1.5 0.3 2.6 0.6 3.2 0.74 4.7 0.9 6.4 1.15 
T. albomacu1atus 1.25 0.3 2.5 0.5 3.4 0.6 4.1 0.8 5.5 0.9 
T. decomis 1.5 0.37 2.2 0.5 2.9 0.7 3.5 0.77 4.1 0.9 
T. purpureus 1.4 0.3 2.5 0.52 3.0 0.7 5.5 1.0 6.2 1.2 
T. congestus 1.5 0.32 2.6 0.5 3.4 0.7 5.7 0.9 6.5 1.2 
Gargara mixta 1.2 0.25 2.1 0.4 2.6 0.6 3.3 0.7 5.0 0.7 
G. extrema 1.25 0.25 1.8 0.35 2.5 0.5 3.4 0.7 4.5 0.9 
G. malabarica 1.25 0.30 2.0 0.40 2.4 0.5 3.1 0.6 4.0 0.8 
G. rustica 1.0 0.25 1.7 0.35 2.5 0.55 2.9 0.61 3.5 0.72 
G. albitarsis 0.8 0.2 1.4 0.3 2.0 0.4 2.6 0.5 3.1 0.60 
G. madrasensis 0.6 0.15 1.5 0.3 2.1 0.42 2.5 0.5 3.0 0.65 
Parayasa maculosa 0.8 0.2 1.6 0.3 2.2 0.45 2.8 0.6 3.2 0.70 
Coccosterphus 

0.2 1.7 0.34 2.2 0.44 3.0 0.53 3.2 0.56 minutus 1.0 
C. tuberculatus 1.1 0.26 2.2 0.55 2.9 0.67 3.4 0.8 4.2 0.9 
C. paludatus 1.2 0.31 2.0 0.44 2.7 0.45 3.5 0.5 4.0 0.62 
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TABLE 3A 

Growth pattern of anal tube in relation to length of body in membracid nymphs. 

Growth Initial r (between Significance of r. 
Species ratio Growth log. X and -P-

(k) index: log. Y) 
(b) 

Oxyrhachis tarandus 0.6509 0.2857 0.4492 >0.1 
O. rufescens 0.7648 0.2839 0.997'6 <0.001 
O. minusculus 1.0020 0.1995 0.9985 <0.001 
O. uncatus 0.7829 0.2095 0.9858 >.0.001 ; <0.005 
O. krusadiensis 0.9826 0.1807 0.8902 >0.02;, <0.05 
O. brevicornutus 0.8412 0.2320 0.9948 <0.001 
Telingana nigroalata 0.8900 0.2311 0.9953 <0.001 
T. consobrina 0.8873 0.2390 0.9912 <0.001 
Leptocentrus taurus 1.1267 0.2664 0.9996 <0.001 
L. rhizophagus 1.2164 0.1905 0.9730 >0.005; <0.01 
L. varicornis 1.1339 0.2972 0 .. 9931 >0.001 
L'. leucaspis 1.2288 0.2427 0.9641 >0.005; <0.001 
L. moringae 1.0982 0.3357 0.9997 <0.001 
L. bajulans 1.0146 0.3558 0.9993 <0.001 
L. nigra 1.1250 0.2855 0.9957 <0.001 
L. bauhiniae 1.0353 0.3456 0.9978 <0.001 
L. mangiferae 1.0383 0.3168 0.9617 >0.005; <0.0'1 
L. major 1.1206 0.2679 0.9924 <0.01 
Otinotus oneratus 1.0735 0.1897 0.9863 >0.001 ; <0.005 
O. mimicus 1.2289 0.1673 0.9764 >0.001 ; <0.005 
O. indicatus 0.9328 0.2325 0.9862 >0.001; <0.005 
O.obliquus 0.9560 0.2675 0.5755 >0.1 
Tricentrus pilosus 0.9051 0.2304 0.9820 >0.001 ; <0.005 
T. albomaculatus 0.7616 0.2511 0.9936 <0.001 
T. decornis 0.8956 0.2557 0.9955 <0.001 
T. purpureus 0.8973 0.2318 0.9913 <0.001 
T. congestus 0.8514 0.2281 0.9663 >0.005; <0.01 
Gargara mixta 0.7838 0.2370 0.9363 >0.01; <0.02 
G. extrema 1.0177 0.1969 O. 999 <0.001 
G. malabarica 0.8409 0.2383 0.9921 <0.001 
G. rustica 0.8696 0.2403 0.9935 <0.001 
G. madrasensis 0.8845 0.2249 0.9941 <0.001 
G. albitarsis 0.8035 0.2342 0.9983 <0.001 
Parayasa maculosa 0.9130 0.2265 0.9831 >0.001; <0.005 
Coccosterphus minutus 0.8809 0.2069 0.9949 <0.001 
C. tuberculatus 0.9419 0.2460 0.9955 <0.001 
C. paludatus 0.5013 0.2881 0.9392 >0.01; <0.02 

Key to iett8ring of Text-figures 

AI, A2, A3-Anal veins 
aa-anal angle 
1 a. c.-first apical cell 
2 a.c.-second apical cell 
3 a.c.-third apical cell 
4 a.c.-fourth apical cell 
5 a.c.-fifth apical cell 
ae-Aedeagus 
an-Anal ring 
an.c.-anterior carina 
ap.l.-apicallobe of sternal plate 
ap.lim.-apicallimbus 
ca-costal angle 
cn-connective 

Ms-mesonotum 
mt-metanotum 
o c--ocellus 
P-pronotum 
pa-paramere 
pP-P9sterior process 
pr.h-pronotal horn 
pro p--propleural process 
p.s-posterior surface 
pt.s.-pterostigma 
p.w-poste~ior wing pad 
R-radius 
r-rostrum 
sbc-sub-basal cell 
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c-c-l-centro-ocular line 
co-sc-costa-subcosta 
cp--cranial process 
cu-cubitus 
d-disc 
I dc-first discoidal cell 
2 dc-second discoidal cell 
d.p.c-dorso-posterior carina 
f-frontoclypeus 
G-gibba 
h.f.-hamular fold 
l.a-lateral angle 
I.e.-lateral carina 
l.1-Iaterallamella 
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ON SOME NEMATODES BELONGING TO THE 
ORDERS CHROMADORIDA AND ENOPLIDA 

FROM INDIA 

By 

S. KHERA 

Zoological Survey of India, Calcutta 

(With 5 Text-figures) 

INTRODUCTION 

The soil and freshwater nematodes in general, and the non-stylet 
bearing nematodes in particular, have received little attention in India. 
In the order Enoplida, one new species of the genus Oncholaimus Dujardin 
was described by Stewart (1914); Kreis (1936) reported a single specimen 
of Tobrilus gracilis (Bastian) from Madras and Sukul (1967, 1968, 1968a) 
described three new species belonging to this order. Khera (1970) des
cribed the male of Tripyla (Tripyla) glomerans Bastian from Srinagar and 
attempted a revision of the genus Tripyla Bastian; he also recorded the 
occurrence of [ronus ignavus Bastian and Cryptonchus abnormis AUgen from 
India and reviewed both the genera (in press). There is no record of 
any species belonging to the order Chromadorida from India. Following 
is .an account of some nematodes from Rajasthan, Uttar Pradesh, Orissa 
and Kerala belonging to these two orders. 

I am grateful to Dr. A. P. Kapur, Director, Zoological Survey of 
India for providing facilities and to Dr. M. Oostenbrink of Landbouwho
geschool, Wageningen, The Netherlands, for advice regarding the genu~
Oncholaimium. 

SYSTEMATIC ACCOUNT 

Order CHRO¥ADORIDA 

Family CYATHOLAIMIDAE 

Genus Achromadora Cobb 

I. Achromadora ruricola (de Man) 

(Text-fig. 1) 

1880. Cyatholaimus ruricola de Man, Tijdschr. Nederl. Dierk. Vereen., 5: 18. 
1893. Chromadora minima Cobb, Macleay Mem. Vol. Linn. Soc. N. South Wales: 43. 
1913. Achromadora minima: Cobb, J. Wash. Acad. Sci., 3: 441. 
1922. C.yatholaimus minimus: Micoletzky, Arch. Naturg., (1921), Abt. A, 87: 378. 
1922. Cyatholaimus ruricola: Micoletzky, Arch.- Naturg., (1921), Abt. A, 87: 379. 
1922. Cyatholaimus ruricola yare acutus Micoletzky, Arch. Naturg., (1921), Abt. A, 87: 379, 

381. 
1925. Achromadora ruricola: Micoletzky, K. Danske Vidensk. Selsk. Skr. Naturv. of Math. 

Ald., 8: R 10 (2): 187. 
1963. Achromadora ruricola: Goodey, Soil and freshwater nematodes: 359! 
1964. Ackromadara ruric(Jla: ~oof, Nematologica, 10; ~42, 
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Text-fig. l.-Acnromadora ruricola (de Man), 9, Achalgarh population. (A) Entire nema
tode. (B) Anterior portion up to the oesophageal region. 

Material.-(i) 2~, 3 Juveniles; Uttar Pradesh: Lucknow, ditches 
nr. R. Gomti; 13.iv.1967. (ii) 2~; Rajasthan: Mt. Abu, Achalgarh 
Tank; 9. v .1965; all S. Khera CoIL 

Measurements.-Lucknow population: 2~ : Length = 0.4;0-0.4:4 mmi 
4 = 22-26; b = 5.~-5.8; c = ~.7-6.0~ V = ~~-i7, 
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3 Juveniles: Length = 0.28-0.34 mm; a = 24-27; b = 4.8-5.2; 
c = 5.4-5.8. 

Achalgarh population: 2~: Length = 0.40-0.42 mm; a = 18-23; 
b=5.7-6.3; &=6.0-6.4; V =45-47; eggs = 25-28 X 11-12 pm. 

Remarks.-The nematodes ,collected from Achalgarh have outstretched 
ovaries, and amphids near the proximal end of the stoma. Loof (1964), 
while describing A. ruricola, stated that the amphids had shifted forward 
during the mounting process. The outstretched condition of the ovary, 
though unique, is being treated as a variation. This would, however, 
entail emendation in the generic diagnosis as follows: 

Achro~adora Cobb 

Emended diagnosis: Cyathulaiminae. Cuticle with transverse striae 
bearing rows of punctations. Amphids spiral. Head not offset, with 
six indistinct lips, each with a small apical papilla. At the base of lips 
a circlet of 10 cephalic setae, 2 lateral, 4 subdorsal and 4 subventrol. 
Stoma rather funnel-shaped, with a prominent dorsal tooth medially 
placed and I or 2 smaller subventral teeth situated further back. Oesopha
gus cylindrical.with a terminal pseudobulb. Caudal glands and terminal 
duct present. Vulva equatorial; gonads paired, opposed. Male with 
paired spicules and a large gubernaculum. 

Type species: Achromadora ruricola (de Man). 

Goodey (1951, 1963), while giving measurements and description of 
A. ruricola, has stated that male of the species is absent although a diagram 
of tail of male of this species, based after de Man (1884), has been given 
in his works. de Man (1880, 1884) described both the male and female 
of this species-measurements and de Manian formula are common to 
both the sexes and an account of the male has been given. 

Distribution.-Rajasthan and U.P. The genus Achromadora is being 
recorded for the first time from India. 

E~m.odora n.g. 

Generic diagnosis: Cyatholaiminae. Similar to Achromadora Cobb 
but there are only four cephalic setae and a stomal capsule surro.unds the 
stoma. 

Type species: Ethmodora stagnalis n.sp. 

2. Ethmodora stagnalis n.sp. 

(Text-fig. 2) 

Material.-5~; Kerala: Dist. Trichur, Cranganore, Dalwa Kulam 
(stagnant freshwater pond); 21.x.1964; C. Nandakumar ColI. 

Measurements.-5~; Length = 0.58-0.65 mm; a = 22-26; b :=;: 6.0-6.4; 
f = 7.0-7.6; V = 42-45; eggs = 22-26 X 12-15 pm. 
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Male unknown. 

Holotype (~): Length = 0.63 mm; a = 25; b = 6.3; c = 7.2; 
V = 1343.14 

E 

...... 
tOp. 

Text·fig. 2.-Ethmodora stagnalis n.g., n.sp.~. (A) Entire nematode. (B) Posterior region 
and tail. (0) Head end~ latera:1 v~ew. (D) He~d end, dorsal view. (E) Vulvar 
openin~. . . . 
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tal
' I Body slender. ~nter!or regi?n not markedly a~tenuated. Tapering 

78 pm long, endIng In a spmneret. Body cuticle bears prominent 
~ransver~e striae composed of fine punctations. Amphids fine, spiral, 
Just behlnd the level of the base of stoma. Head not offset, 10 pm wide 
fla!tened-r~unded in .front, with six partially fused lips, each with a smali 
apIcal papIlla. A cIrclet of four submedian setae at the base of lips. 
Stoma 5 X 3 pm; funnel-shaped with a prominent medial dorsal tooth 
and one smaller ventral tooth situated further back. Stoma enclosed 
in a stomal capsule, latter clearly separated from the oesophagus. Oeso
phagus muscular, 90 pm long, cylindrical for the most part but swollen 
and ovate terminally forming a pseudobulb. Three oesophago-intestinal 
cells present. Intestine moderately broad with thick walls and narrow 
lumen. Rectum 16 pm long, smaller than anal body-diameter. Three 
caudal glands with a terminal duct ending in a spinnel"et. Nerve ring 
and excretory pore not visible. 

Gondas paired, opposed and reflexed. Both the ovaries short. One 
egg in each uterus. Vulva slightly pre-equatorial, transversely elliptical, 
flush with body surface. 

Diagnosis and Relationship.-Of the various genera belonging to the 
subfa~ily Cyatholaiminae Micoletzky, the new gen~s comes close to the 
genera Achromadora Cobb and Ethmolaimus de Man, occupying an inter
mediate position between the two genera. It resembles the genus Achro
madora in the shape and structure of stoma but differs in possessing a stomal 
capsule and four cephalic setae. The new genus resembles Ethmolaimus 
in having a stomal capsule surrounding the stoma but differs in the shape 
and structure of stoma. 

Holotype.-~; Kerala: Dist. Trichur, Cranganore, Dalwa Kulam (stag
nant freshwater pond); 21.x.1964; C. Nandakumar Colli Z.S.I. 

Paraf:JPes.-4~; other data as for holotype. 

Family CHROMADORIDAE 

Chromanema n.g. 

Generic diagnosis: Chromadorinae. Cuticle u~striate.d, orn?-mented 
with irregularly arranged, coarse, rounded punctations dIfferentIated all 
over the body except laterally; the tail, howe~er, be~rs p~nctations all 
over. Two circlets of c~phalic setae, anterior ~lrcl~t 'Ylth eIght and post
erior with six setae. Amphids large, ~rescentlc, sht-lIke. St?~a fun~el
shaped, in two portions: prox~ma~ pqrtlon ~up-sh~ped, compr1s1!lg cheIlo
stom and protostom with longltudlna~ folds ~n chedos~om and w~t~ a large 
pointed tooth on dorsal" protorhabdlon.; dIstal por.oon, comprIsIng te~o
storn, becoming narrow as it proceeds dIstally. .A rl~g (whose homologies 
are not clear), comprising three .plates, at the JU!lctiO~ of protostom and 
telostom. Oesophagus club-shaped. Oesoph~go-lntesbnal valve cells pro
minent. Single testis. Gubernaculum and ventral supplements absent. 

Type species: Chromanema solitarium n.sp. 
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3- Chromanema solitarium n.sp. 

(Text-fig. 3) 

Material.-l d' ; Kerala: Dist. Trichur) cranganore (Vattakplam 
pond); 21.x.1964; C. Nandakumar ColI. 

Measurements.-Holotype (d'): Length = 1.62 mm; a = 46.3; b = 6.2; 
c= 3.25; T = 40; spicula = 50 pm. 

Jt 

Text .. fig. 3-Chromanema solitarium n.g., n.sp. 0'. (A) Entire nematode. (B) Head end. 
(C) Cloacal region with spicule. 
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Body elongate, slender, blunt at the anterior extremity, finely pointed 
posteriorly. Posterior portion of the nematode drawn out, coiled Ven
trally, attenuating gradually beyond the cloacal aperture. Tail 500 pm 
long, filiform. Body cuticle as in generic diagnosis. A few bristles here 
and there" on the body. Head continuous" 22 pm. wide, with six indistinct 
lips. Cephalic setae as in genus. Amphids at about two head-widths from 
the anterior end, immediately behind the posterior circlet of setae. Stoma 
as in genus, 25 X 18 pm; cheilostom with six longitudinal folds (= cheilor
habdions) in the walls, protostom with three protorhabdions; telostom 
surrounded by oesophageal collar. Oesophagus 250 pm long without a 
valvular apparatus. Intestinal wall moderately thick. Caudal glands 
not observed. Nerve ring surrounds oesophagus anterior to its middle 
at 105 pm from the anterior end. Excretory pore not seen. 

Spicula stout, heavily sclerotized, rose-thorn shaped, ventrally arcuate, 
tapering towards bluntly pointed tip. Each spicule with a distinctly 
flanged capitulum bent at right angles to the body of the spicule; the latter 
also bears longitudinal ridges. 

Diagnosis and Relationship.-Of the various freshwater genera included 
in the family Chromadoridae by Goodey (1963), the new genus comes 
closest to Chromadorella Filipjev in possessing an oesophagus without a 
distinct bulb-all other genera possess a distinct bulb. The new genus, 
however, differs from Chromadorella in possessing only a single dorsal tooth. 
The presence ofa three-piece ring at the junction of prot os tom and teiostom, 
absence of ventral supplements (latter absent in some species of the 
genus Hypodontolaimus de Man) and gubernaculum sets the new genus 
apart from all other genera of Chromadoridae obtained from the fresh
water biotope. 

Holotype.-d'; Kerala: Dist. Trichur, cranganore (Vattakulam pond); 
21.x.1964; C. Nandakumar ColI; Z.S.I. 

Biological Notes.-The nematode has been found in a freshwater pond 
near the sea-coast-obviously a vagrant form from maril1:e habitat since 
the entire group (Chromadoridae) has not been found in ponds away 
from the sea-coast. 

The nematode had a rapid jerky moVement. 

Order ENOPLIDA 

Family ONCHOLAIMIDAE 

Genus Oncholaimium Cobb 

4-. Oncholaimium. oxyure (Ditlevsen) 

1912. Oncholaimus oxyuris Ditlevsen Vidensk. Medd., 68: 233. 
1926. Ortcholaimus oxyuris yare esknaesicus G. Schneider, ~,ool. Anz., 66: 222. 
1932. Oncholaimus oxyuris: de Coninck, Bull. Mus. Royal d'Histoire Nat. de Belgigue, 8(8): 10. 
1934. Oncholaimium oxyure: Kreis, Capita Zool., 4(5): 232. 

Material.-Ic/, 4. Juveniles; Orissa: Dist. Ganjam, Chilka Lake at 
Balugaon; 3.xi.1966; H.S. Nama ColI. 

Measurements.-4 Juveniles: Length = 1.33-1.65 mm; a'= 28-35; 
b ;:::: 5.7-6.7; c = 17-30. 

35 
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Id': Length = 2.8 mm; a = 85; b = 7.8; c = 40; T = 60; ~picula 
= 37 pm. 

The male bears eight pre-cloacal setae; no post-cloacal setae. 

Distribution.-Orissa: Dist. Ganjam, Chilka Lake at Balugao~. The 
genus Oncholaimium is being recorded from India for the first time.· 

Family TRIPYLIDAE 

Genus Tobrilus AndrAssy 

5. Tobrilus sexsetiferous n.sp. 

(Text-fig. 4) 

Material.-ll~, 8d'; Rajasthan: Jodhpur (Tank nr. Umaid Bhawan 
Palace), 4.v.1964; S. Khera ColI. 

Measurements.-112: Length = 1.1-1.41 mm; a = 26-34; b = 6.0:.-6.8; 
c = 8.5-9.0; V = 39-44; eggs = 38-40 X 20-22 pm. 

8d': Length = 0.90-1.37 mm; a = 28-38; b = 5.6-6.8; c = 11.0-13.1;' 
spicula = 20-22 pm; gubernaculum = 10-12 pm. " ' 

Holotype (~): Length'= 1.41 mm; a=27.5; b=6.3; c= 8.8; 
V = 16'4 16. 

Body transparent. Tail conical, ending in a fine point, 160 pm' 
in length, about eight times the anal body-diameter long. Body cuticle 
smooth, without setae. Head 22 pm broad. A circlet of six stout cephalic 
setae at the base of lips, each cephalic seta about 1/4 head-width long. 
A~phids large, cup-shaped at the base of cephalic setae. Stoma longer 
than wide, 25 X 10 pm, in three sections, with continuous sclerotized walls: 
the anteriorrilost section being the largest, between triangular and sub
globular in shape 10 X 10 pm; middle section f~nnel-shaped, 8 X 7 pm 
with three teeth, one dorsal and two subventral; the third section elliptical 
with finer ·walls and two prominent lateral teeth. At the junction of the 
first two sections the cuticular walls form a ledge towards the lumen of 
stoma. Stoma enV'eloped by an oesophageal collar. Oesophagus 224 pm 
long with no valvular apparatus. Three large ovoid oesophago-intestinal 
gland cells. Intestine and its lumen broad except near the female re
productive system where these are narrowed. Rectum 19 pm in length, 
about one anal body-diameter long. Nerve ring surrounds oesophagus 
at about 36% of its length from anterior end. Excretory pore absent. 

A circular vulva more or less flush with body surface, surrounded by 
a rosette of cuticular warts. Eggs large and oval, from unicellular to 
two-celled stage. 

Male.-General structure similar to that of female. Posterior end 
curved slightly ventrally on thermal death. Tail 104 pm long, four times 
the anal body-diameter in length. Stoma 20 X 5 pm, the anterior-most 
section mOst spacious, subglobular, 10 X 5 pm; mid~le section much re
duced, more or less cylindrical, 5 X 2 pm, with three usual teeth; the 
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Text-fig. 4.-Tobrilus sexsetiferous n.sp. (A) Female, entire. (B) Male, ~ntire. (0) Female, 
anterior portion up to oesophago-intestinal gland cells. (D) En face view. (E) 
Male, anterior end. (F) & (G) Female, anterior end. (H) Male tail. (I) -Vulvar 
opening. 
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posterior-most section elliptical, 5 X 1.5 pm, with two large lateral teeth. 
Cuticular ledge at the junction of the first two sections in the female not 
evident here. 

Two poorly sclerotized spicules possessing a narrow capitulum and 
a broad body which narrows towards the tip. Gubernaculum strongly 
sclerotized. Six pre-cloacal, midventral supplements, nearly of the same 
size. No caudal alae. 

Diagnosis and Relationship.-The new species comes close to T gracilis 
(Bastian), T allophysis (Steiner), T a~errans (W" Schneider), T consimilis 
(W. Schneider) and T vibratus Sukul in possessing cephalic setae which 
are about 1/4 the head width, a tail without a terminal seta and six supple
ments nearly of the ·same size in the males. 

The new species differs from these and other species of the genus as 
enumerated by Andrassy (1959, 196'4) in possessing six cephalic setae 
at the base of lips, in having a ledge at the junction of the first two sections 
of stoma in the female and rosettiform cuticular warts surrounding the 
vulva. Further, there is sexual dimorphism in the structure of stoma, 
the middle section of the latter being much wider in female than in male. 

Holorype.-~: Rajasthan: Jodhpur (Tank nr. Umaid Bhawan Palace), 
4.v.1964; S. Khera ColI; Z.S.I. 

Paratypes.-l0~, Sd'; other data as for holotype. 

Biological Notes.-A large, number of female and male nematodes 
of this species were collected from time to- time from the banks to about 
a depth of two feet from various tanks of Rajasthan and Kerala. Some 
nematodes were also collected from the ba~ks· of R. Yamuna near Wazira .. 
bad Pumping Station, n-elhi where algal matter was found in abundance, 
while others were recovered ftoJ!l moist soil of' pits, up to four feet. deep, 
dug up in a dried pond during drought to get water for drinking purposes 
at Khandwai Talai, a village near Agolai about 32 kni. west of JQdhpur. 

These nematodes, as those of the next species, .had . rapid wriggling 
movements followed by uncoiling and ,coiling mOVenient. All these move .. 
ments were punctuated by periods of quiescen(:e... The nematodes could 
anchor themselves to the substratum by me~nSl6f 4:he tip of their tail thus 
resting or even wriggling in a vertical position. 

6. Tobrnus confusus n.sp. 

(Text-fig. 5) 

Material.-l~, 10", 5 Juveniles; Rajasthan: Dist. Nagaur, Didwana 
(ponds); 3.x.1967; S. C. Verma ColI. 

Measurements.-5 Juveniles: Length = 0.65-0.83 mm; a = 45-53; 
b = 4.5-5.0; c = 9.0-10.7. 

,10": Length = 1.07 mm; a=48; b=7; c=12.75; T=62.6; 
splcul~ ~ 22.5 flm; gubernac~lum = 15 pm; accessory piece = 12.5 pm. 
. Ho10 rype (~): Length = 1.57 mm; ·a = 38; b = 7.5; c::::::! 11.6; 
V = 10458. 
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Body transparent. Tail ~onical ending in a fine point, 135 pm in 
length, seven times anal body-diameter long. Body cuticle smooth with
out setae. Head broad, 18 p.m wide. Ten small equal-sized setae in two 
circlets: first circlet of six setae arising from the base of lips; second circlet 

]§-
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Text-fig. 5.-Tobrilus confusus n.sp. (A) Anterior portion,. male. (B) Female tail.- (C) 
Head end, female. (D) Head end, male. (E) Vaginal region showing ovejector. 
(F) Male tail. 
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slightly' posterior, of four setae. Each seta about 1/6 the head width 
long. Amphids large, cup-shaped with ellipsoid opening behind the 
posterior circlet of cephalic seate. Stoma longer than wide, 18 X 7 pm, 
in three sections with continuous well sclerotized, walls: the anterior most 
section being the largest, cup-shaped, 8 X 7 pm; middle section funnel
shaped, 5 X 4 pm, with three teeth, one dorsal and two subventral; the· 
"third section tubular, 5 X·-} pm, with finer walls and two prominent lateral 
teeth. Stoma enveloped by an oesophageal collar. Oesophagus 209 pm 
long with no valvular apparatus. 'fhree large, ovoid, oesophago-intestinal 
gland cells. Intestine and its lumen broad except near the fem'ale repro
ductive systeln where these are narrowed. Rectum 10 pm jn length, being 
about half the anal body-diameter long. Nerve ring surrounds oesopha 
gus at abdut 33% of its length from anterior end. Excretory pore absent. 

Circular vulva, more or less flush with body surface. 
Male.-General structure similar to that in female. Posterior end 

curved slightly ventrally on thermal death. Tail 84 pm long, and 4! 
times the anal body-diameter in length. Stoma 12 X 4.5 pm. The anterior
most section 6.0 x4.5 pm, somewhat funnel-shaped; the middle section 
much reduced, cylindrical-elliptical, 3.5 X 1.5 pm, with three teeth; the 
posterior-most section cylindrical, 2.5" X 1 pm, with two teeth. Oesophagus 
151 pm long. 

Two somewhat arcuate, spindle-shaped, poorly sclerotized spicules. 
The capitulum of each of the two spicules connected to one of the upper 
(shorter) limbs of a Y-shaped accessory piece. Gubernaculum strongly 
sclerotized, of the shape of a bowling pin with its head recurved ventrally 
and with a strong diagonal ridge marking its posterior third from the 
anterior two-third. Six equal, pre-cloacal, mid-ventral supplements. 

Diagnosis and Relationship.-The new species is unique in having an 
accessory piece in addition to the usual spicula and gubernaculum. 

I t comes closest to T sexsetiferous n.sp. in the stoma exhibiting sexual 
dimorphism, in the position of amphids, in the number of teeth in the 
stoma and in the number of pre-cloacal supplements but differs in having 
ten cephalic setae, in the absence of a ledge between the first two sections 
of stoma in the female and cuticular warts around the vulva, in the shape 
of spicules and gubernaculum, in addition, of course, to the presence of 
an accessory piec~. 

Holotype.-~; Rajasthan: Dist. Nagaur, Didwana (ponds); 3.x.1967; 
S. C. Verma Coll; Z.8.1. 

Paratypes.-l d', 5 Juveniles; other data as for holQtype. 

TAXONOMIC NOTE REGARDING THE GENUS, Tobrilus 

Owing to the absence of lateral fields, the anteriQr position of amphids, 
the division of stoma in three sections and the preserice of six cephalic 
setae in T. sexsetiferous, the diagnosis of the genus Tobrilus, as given by 
Goodey (1963), is emended as follows : 

TobrUus Andrassy 

Emended diagnosis: . Tripylidae. Outicle smooth, body tapering behind, 
but very little in front. Amphids cup- or funnel-shaped with .a flattened 
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oval opening situated near the level of stoma. Head not offset, pro
vided with six, more. or less roundly conical, lips each provided with 
a very small apical papilla. Six, ten or more stout setae at the base 
of lips. Stoma in two or' three sections, its walls distinctly sclerotized; 
the anterior section without teeth or denticles, the posterior section(s) 
denticulated. Oesophageal collar surrounds the stoma. Oesophagus club
shaped. Three distinct oesophago-intestinal gland cells. Vulva practi
cally equatorial; female gonads didelphic, amphidelphic and reflexed. 
Testes paired; gubernaculum present. A series of pre-cloacal supple
ments in male. Tail of both sexes tapering, caudal glands and terminal 
duct present. A few fine setae irregularly scattered over the body and tail 
in most of the species. Males unknown in some species. 

Type species:' Tohrilus gracilis (Bastian). 

SUMMARY 

Ethmodora stagnalis n.g., n.sp. and Chromanema solitarium n.g., n.sp., 
both belonging to order Chromadorida are described. Two new species 
of Tobrilus, T sexsetiferous and T confusus (order Enoplida) are described, 
and the generic diagnosis of Tobrilus Andrassy and Achromadora Cobb 
emended. Genera Achromadora (order Chromadorida) and Oncholaimium 
Cobb (order EnopIida) are recorded from India for the first time. 
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ON -SOME TYLENCHID NEMArrODES FROM 

ORISSA 

By 

S. KHERA AND Y CHATURVEDI 
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(With 1 Plate) 

INTRODUCTION 

Soil samples for the nematodes described in this paper were collected 
by two survey parties of. the Zoological Survey of India. Except where 
specifically mentioned, these samples were collected by the first author 
and his party when they undertook a survey of the plant parasitic nema
todes of paddy and other crops in Orissa. 

The authors are grateful to Dr. A. P. Kapur, Director, Zoological 
Survey of India, for providing facilities in carrying out this project and to 
Dr. S. Y Padmanabhan, Director, and Dr. Y S. Rao, Nematologist, 
Central Rice Research Institute, Cuttack, for providing assistance in the 
collection of soil samples at Cuttack and Bhubneshwar. Shri Raghudeb 
Bannerji assisted in processing the samples and preparing the slides. 

SYSTEMATIC ACCOUNT 

Family TYLENCHIDAE 

1. Tylenchus (Filenchus) &liformis Biitschli 

1873. Tylenchus flliformis Biitschli, Nova Acta Acad. Nat. Curios., 36 (5): 37. 

Material.-6~, 20", Cuttack, Central Rice Research Institute, rhizo
sphere of paddy, banana tree, sugarcane, and okra; 21, 24 & 26.xii.1970; 
l~, 10", Cuttack, Patha, State Agricultural Farm, rhizosphere of paddy 
and potato; 23.xii.1970; 2~; Kalupara Ghat (nr. Chilka Lake), rhizo .. 
sphere of paddy; 7.i.1971; K. N. Nair ColI. 

Measurements.-9~: Length = O.66-0.76mm; a.:.- 38-43; b = 6:7-7.2; 
c = 5.8-8.3; V = 66-75; stylet = 12 .. 8,am. 

3d': Length = 0.55-0.63 mm; a = 35-47; b = 6-7; c = 3.9-5.6; 
stylet = 9.8 pm; spicula = 15.4-18.2 pm; gubernaculum = 4.2 pm. -

Description.-Female: Body slender, head not offset, tail long and 
subulate, curved ventrally in some specimens. Cuticle finely striated 
Lateral fields marked with four incisures. Stylet fine, knobs poorly deve
loped and sloping backwards. Ovary single, outstretched, oocytes arranged 
in a single row. Postvulvar sac slightly more than one body width long. 

36 
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Male: Similar to female. Spicules tylenchoid, gubernaculum small 
and thick. An adanal bursa, 21-33 pm in length, about thrice the an~l 
body width long. 

2. Tylenchorhynchus elegans Siddiqi 

1961. Tylenchorhynchus elegans Siddiqi, Z. P~rasitKde., 21 : 52. 

Material.-l~; Bhubneshwar, University of Agriculture & Technology 
Farms, rhizosphere of paddy; 22.x.ii.1970; 1~, Id\ 2 juveniles; Cuttack, 
Central Rice Research Institute, rhizosphere of paddy, potato and sugar
cane; 21-23.xii.1970. 

Measurementj'.-2~: Length = 0.66-0.67 mm; a = 26-27; b ~ 5.1-5.3; 
c = 15; V = 54; stylet = 18.0-19.6 pm. 

lei': Length=0.53 mm; a=24; 6=4.9; c=14; T=41%; 
stylet = 16.8 pm; spicula = 19.6 pm; gubernaculum = 11 pm; bursa 
= 52 pm. 

Description.-Female: Tail digitiform, 42 pm long, with 18-21 
annulations, ending ,in a broadly rounded unstriat~d terminus. Cuticle 
coarsely striated transversely. Lateral fields marked by four incisures,. 
outer incisures crenate. Lip region continuous with 3-4' annules. Stylet 
well-developed. Nerve ring at 71-84 pm from anterior end; excretory 
pore 6-8 pm posterior to nerVe ring. Phasmids distinct at about two-fifths 
to one-third of tail length down the anus. Spermatheca present. 

Male: Tail conical, 38 pm long, provided with a crenate bursa 
which extends up to the tail tip. Phasmids and their ducts very distinct 
at about two-fifths down the cloaca. Of the four incisures, only one conti
nues along the whole length of the tail, one ends near the beginning of the 
bursa, the other slightly posterior to it and the fourth ne~r the cloaca. 

Family HETERODERIDAE 

3. Meloidogyne graminicola Golden & Birchfield 

1965. Meloidogyne graminicola Golden & Birchfiel~, Proc. helminth. Soc. Wash., 32 : 228. 
1968. Meloidogyne graminicola: Whitehead, Trans. zool. Soc. Lond., 31 (3): 332. 

Material.-3~, 10 juveniles; Cuttack, Central Rice Research Institute, 
roots of paddy seedlings; 22 & 26.xii.1970. 

Measurements.-3~: Length = 0.57-0.66 mm; width = 0.27-0.30 mm; 
a = 2.1; stylet = 14-15 pm; width of knob= 3.2 pm; interphasmidial 
distance == '16-19 pm. 

10 juveniles: Length = 0.42-0.46 mm; a = 27.2-27.5~ c = 6.6-7.6; 
stylet = 12.6-14.0 pm; width of knob= 1.6-2.4 pm. 

5 eggs: 79.2-92.4 X 36.3-42.9 pm. 
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Description.-Female: Body pear-shaped. Head not offset. Stylet 
knobs rounded, their anterior margins sloping backward. Dorsal oeso
phageal gland duct opening 3.2-4.6 pm behind stylet base. Vulva and 
anus at posterior end of body. Posterior cuticular pattern rounded, com
posed o( closely spaced, fine, smooth striae. Striae form complete circle 
from dorsal to ventral sector. Dorsal arch slightly raised. Anal fold 
present. Lateral field and incisures absent. Multiple knots generally. 
Single knots in finer roots and root hairs. 

Juvenile: Head not offset, with three annules. Stylet knobs rounded 
with their anterior :r:nargins sloping backward. Lateral field with four 
incisures. Tail terminus rounded. 

Remarks.-This species has been found only at the seedling stage in 
the nursery. When the seedlings are uprooted for transplantation, pro
ba bly the root knots are broken off from the roots and remain in the soil. 

4- Meloidogyne arenaria (Neal) 

1889. Anguillula arenaria Neal, Bull. U.S. Bur. Ent., No. 20: 27. 
1949. Meloidogyne arenaria: Chitwood, Proc. helminth. Soc. Wash., 16 : 92. 
1968. Meloidogyne arenaria: Whitehead, Trans. zool. Soc. Lond., 31 (3): 303. 

Material.-3~; Cuttack, Central Rice Research Intsitute, roots of 
banana tree near staff quarters; 26.xii.1970. 

Measurements.-Complete specimens not preserved, used up fJr the 
study of perineal patterns. Interphasmidial distance = 28 pm. 

Description.-Female perineal pattern: striae smooth, round; dorsal 
arch low and slightly compressed on either side. Some striae directed 
towards vulva. Lateral line marked faintly. 

Remarks.- M. arenaria has a wide host range. 

5- Meloidogyne incognita (Kofoid & White) 

(Plate I, 1-3) 

1919. Oxyuris incognita Kofoid & White, J. Am. med. Ass., 72 : 567. 
1949. Meloidogyne incognita: Chitwood, Proc. helminth. Soc. Wash., 16: 91. 
1949. Meloidogyne incognita var. acrita Chitwood, Proc. helminth. Soc. Wash., 16 : 91. 
1968. Meloidogyne incognita: Whitehead, Trans. zool. Soc. Lond., 31 (3): 336. 

Material.-3~; Bhubneshwar, University of Agriculture & Technology 
Farm, roots of Brinjal; 22.xii.1970; 5~; Cuttack, Patha, State Agricultural 
Farm, roots of tomato; 23.xii.1970. 

Measurements.-3~ (Bhuhneshwar brinjal population): Length = 0.59 
-0.89 mm; width = 0.30-0.33 mm; a = 2-3 (other structures obscured by 
contents); eggs = 33-40 X 13-20 pm. 

5 ~ (Patha tomato population): Length = 0.80-0.93 mm; wid~h 
= 0.46-0.4-8 mm; stylet = 19.8 pm; width of knob -::- 3.3 pm; excretory 
pore = 39-48 pm~ from anterior end; interphasmjdial distance 22-26 pm; 
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dorsal oesophageal orifice = 24 pm; behind stylet base; embryonated eggs 
= 82-89 X 3q-33 pm. 

Description.-Female: Brin jal population: Body pear-shaped. Perineal 
pa ttern: striae wavy, inner ones fine and outer and middle coarse, closely 
spaced; dorsal arch high and rounded; lateralIine present. Details as in 
plate II. Multiple knots. 

Tomato population.-Body pyroid. Base of stylet sloping. Perineal 
pattern pyriform i.e., ventral arch round and dorsal arch high and flattened 
(making angle on two sides). La teral line seen in some specimens, but 
not so conspicuou~. J?etails as in plate I, 2. Multiple knots. 

Remarks.-The specimens from brinjal come close to M. incognita 
(incognita type) in all respects except that the middle striae appear 
coarse. 

Most of the specimens from tomato come close to M. incognita (acrita 
type) as regards their perineal pattern (cf. Whitehead, 1968) but the size 
of the stylet is bigger in the present specimens .. In one of the specimens 
the striae are very fine and the dorsal arch is high but only slightly flattened. 
Still in another specimen the striae are drawn sideways (plate I, 3.) as in 
M. thamesi Chitwood. Either, as Whitehead (loc. cit.) has shown, the 
perineal pa tterns of this species are very variable, or it is a case of mixed 
infection, or that M. thamesi is a synonym of M. incognita. As it is, anum. 
ber of authors recognise two distinct varieties, viz. incognita and acrita 
under this species. 

Family HOPLOLAIMIDAE 

6. Hoplolaimus indicus Sher 

1963. Hoplolaimus indicus Sher, Nematologica, 9 : 284. 

Material.-7~, 50"; Cuttack, Patha, State Agricultural Farm, rhizo
sphere of potato and brinjal plants; 23.xii.1970. Cuttack, Central Rice 
Research Institute, rhizosphere of banana tree; 26.xii.1970. 

Measurements.-7~; Length = 1.16-1.17 mm; a = 31-33; b = 7-9, 
b' = 6.2-6.6; c = 58-59; V = 54-55; 0 = 16-20; stylet = 36-39 pm; 
anterior phasmid not seen; posteiror phasmid = 78-82. 

50"; Length = 0.76-0.87 mm; a=25-28; b=5.5-9.2; b' = 5-7; 
c = 28-33; 0 = 12-14; stylet = 33-39 pm; anterior phasmid = 33-35; 
posterior phasmid = 74-76; spicules = 35-39 pm; gubernaculum 16-17 pm. 

Description.--Female: Tail round with 10-12 annules. Lip region 
with 3-4 annules. Single incisure, indistinct on most of body. Stylet 
knobs with anterior surfaces irregularly pointing anteriorly. Oesophageal 
glands with 4-6 distinct nuclei, others obscure. Excretory pore located 
above the level of oesophago-intestinal valve, a little posterior to the nerve 
ring, Posterior phasmid on the left side of the body. Overlapping of 
rectum by intestine not very clear. Two outstretched ovaries, oocyte$ 
a,rran~ed in single row, round spermatheca present, 
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Male: Lip region rounded, with 3-4 annules, Spear knobs rounded 
with anteriorly projecting processes. Oesophageal glands with 4-5 nuclei. 
Excretory pore located above oesophago-intestinal valve. Single indistinct 
incisure. Anterior phasmid on left side of body, posterior phasmid on 
right side. 

Remarks-The specimens appear to be slightly smaller than those 
described by Sher (1963). The species has been re·covered from different 
plant hosts by various workers. 

7- Helicotylenchus lDuIticinctus (Cobb) 

1893. Tylenchus multicinctus Cobb, Agric. Gaz. N. South Wales, 4 (10): 52. 
1922. Tylenchorhynchus multicinctus: Micoletzky, Arch. Natur., 87(A) : 608. 
1936. Rotylenchus multicincta: Filipjev, Proc. helminth. Soc. Wash., 3 : 81. 
1940. Anguillulina multicincta: T. Goodey, J. Helminth., 18 : 22. 
1951. Rotylenchus multicinctus: T. Goodey, Soil and freshwater nematodes: 112. 

1956. Helicotylenchus multicinctus: Golden, Bull. Md. agric. Stn., l. 
1966. Helicotylenchus multicinctus: Sher, Nematologica, 12 : 8. 

Material.-l~, 1 c!; Cuttack, Central Rice Research Institute, rhizo
sphere of banana tree; 26.xii.1970. 

Measurements.-l ~ : Length = 0.50 mm; a = 22; b = 5.6; b' = 4.3; 
c = 44; V = 68; stylet = 24 pm. 

10"; Length =0.38 mm; a=21; b=4.5; b'= 3.5; c=26; stylet 
= 21 pm; spicula = 16 pm; gubernaculum = 7 pm. 

Description.-Female: Body curved ventrally. Lip region hemispheri
cal with 4 indistinct annules. Stylet knobs rounded, flattened anteriorly. 
Excretory pore almost at the level of the anterior oesophageal glands. 
Hemizonid not clear. Phasmids two annules anterior to anus level. Tail 
terminus hemispherical, 11 annules. Two ovaries, outstretched, oocytes 
arranged in single row. Spermatheca preseht. 

Male: Body much less curved than in female; almost straight. Tail 
covered with a bursa extended up to the tail tip. General structure 
similar to that of female. 

Remarks.-The male specimen is smaller than those described by Sher 
(1966) . 

Minz et ale (1961) and Zuckerman and Strich-Harari (1963) have 
shown that H. multicinctus completes its life cycle within the roots of banana 
and causes heavy losses to the plantations. 

8. Pratylenchus cofFeae (Zimmermann) 

1898. Tylenchus coffeae Zimmennann, Meded. Plantentuin., 27: 16. 
1919. Tylenchus musicola Cobb, West Ind. Bull., 17 : 179. 
1920. Tylenchus mahogani Cobb, J. Paras it. , 6: 188. 
1941. Pratylenchus coffeae: Filipjev & Steckhoven, Manual of Agr. Helm.,: 242. 

1953. Pratylenchus coffeae: Sher & Allen, Univ. Calif. Publ. Zool., 57 : 446, 
1,60. Prae,lenchus coJfeae: Loaf? L.E.B, Fangs? No. 39: 57. 
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Material.-2 juveniles (vulva just visible in one specimen); Kalupara 
Ghat (grassy patch nr. R. Kusma); 7.i.1971; K. N. Nair CoIl. 

Mesurement-s.-2 juveniles: Length = 0.49-0.61 mm; a = 23.3-27.8; 
b = 5.5-7.0; hi = 4.5-5.6; c = 12.7-12.9; V = 77; stylet = 17-19,um. 

Description.-Cuticu1ar annulation conspicuous. Lateral field with 
four incisures, outer two incisures more crenate than the inner ones. Lip 
region of two annules. Anterior margin of apic~l annule convex-flattened. 
-Tail conoid; tip rounded to rounded with an indentation on one side 
only. Phasmids slightly anterior to middle of tail. 

Remarks.-The tail tip is fairly similar to the figure given ~y Loof 
(1960) for ,P. neglectus (Rensch). However, there are no transverse striae 
in the lateral fields. 

As the specimens are juvenile, no reliance can be placed on the de 
Manian formuia. The length of the stylet (19 pm in the less developed 
and smaller specimen) exceeds that hitherto described eVen for adult 
specimens. 

9. Hirschmanniella gracilis -(de Man) 

1880. Tylenchus gracilis de Man, Tijdschr. Nederl. Dierk. Vereen, 5 : 7l. 
1925. Tylenchorhynchus gracilis: Micoletzky, K. DaTiSke Vidensk. Selsk. Skr., (8) 10 : 25~. 
1932. Anguillulina gracilis: T. Goodey, J. Helminth., 10 : 140. 
1955. Radopholus gracilis: Hirschmann, Zool. Anz., 154: 288. 
1961. Radopholus gracilis: Thome, Principles of Nematology: 236. 

1962. Hirchmannia gracilis: Luc & Goodey, Nematologica, 1: 197. 
1963. Hirchmanniella gracilis: Luc & Goodey, Nematologica, 9 : 471. 

Material.-l~, I d'; Bhubneshwar, University of Agriculture & 
Technology Farms, rhizosphere and roots of paddy; 23.xii.I970; 2~, 
1 juvenile; Cuttack, Central Rice Research Institute, rhizosphere of paddy, 
21 & 26.xii.I970. 

Measurements.-3~: Length = 0.96-1.14 mm; a = 45-49; b = 8.8-
9.8; c = 13.5-14.0; V = 49-52; stylet = 16-17 pm. 

10": -Length = 1.11 mm; a = 52; h = 11.6; c = 15; stylet = 17 
pm; spicula = 21 pm; gubernaculum = 7 pm; bursa = 49 pm. (Specimen 
crushed after examination). 

1 juvenile: Length = 0.71 mm; a = 46; h = 9.2; c = 13. 

Description.-Female: Lateral fields with four irrcisures extending to 
almost tail end. Head not offset, with 4-5 annules; low, rounded, lip 
region. Cephalic framework developed, basal plates curved posteriorly 
about two annules. Stylet about as massive as sketched by Thorne (1961) 
for R. gracilis. Basal knobs of stylet strong, directed backward. Isthmus 
shorter than neck diameter. Hemizonid at the level of the junction of 
oesophageal lumen and intestine, three annules wide. Excretory pore 
slightly posterior. Tail elongate-conoid with sub-cylindroid end and a 
terminal mucro. Phasmids at or just behind the middle of the tail, A 
prominent spermatheca in each uterus. 
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Male: Dorsal incisure extends almost to the tail terminus. Phasmids 
located somewhat anterior ·to the middle of the tail. Bursa rising well 
anterior to spicula and extending to about half the tail length. Tail and 
other general structures as in female. 

Remarks.-Hirschmann (1955) synonymized H. Qryzae (v. Breda de 
Haan) with H. gracilis. This action has not been accepted by Thorne 
(1961) and Luc and Goodey (1962) who have found it advisable to retain 
the two species, but on different grounds. Thorne (loc. cit.) has distinguished 
H. gracilis from H. oryzae "by the low truncate lip region, less massive 
spear, more angular spear knobs, and longer isthmus. Lateral incisures 
extend farther back on the tail. Phasmids are near the mid-tail region. 
The longer tail with subcylindroid ends are especially distinctive" (p. 237). 
Analyzing these differences, it will be noticed- that the present specimens 
resemble H. gracilis in as much as tha t the lips are low and stylet less massive; 
the lateral incisures extend further back on the tail; phasmids are near the 
mid-tail region and the tails are long with subcylindroid ends. The lips, 
however, are rounded; the stylet knobs directed backward, and the isthmus 
is shorter as in the case of H. oryzae. Further, as Hirschmann. (loc. cit.) 
has shown, the shape of the tail and its terminus are variable. Luc and 
Goodey (loc. cit.) reject the synonymy on the basis that the original des
cription and figures of H. gracilis make no mention of spermathecae and 
in the male, bursa surrounds the tail. Thorne (loc. cit.), after re-examining. 
specimens loaned by Hirschmann (probably collected from type locality 
of H. gracilis), and those collected from Java (topotype specimens for 
H. oryzae) found that the spermathecae were present in both the species. 
It is just possible that either these structures w~re missed in H. gracilis by 
de Man or that the specimens were probably not fully mature, or 'un-mated' 
The extent of bursa on the tail is again a variable character 'as shown by 
Hirschmann (loc. cit.) and Thorne (loc. cit.). In any case an examination 
of the types as well as of long series of both the species is called for before a 
final decision can be arrived at. 

This leaves only one character, viz. the position of phasmids relative 
to the tail-which may be a fairly constant character towards identification 
of the two species. 

Sher (1968) has revised the genus Hirschmanniella. 

Incidentally, one of ' female specimens was heavily infected with a 
sporozoan, as has also been described by Thorne (loc. cit.). 

Family ApHELENcHIDAE 

10. Aphelenchus avenae Bastian 

1865. Aphelenchus avenae: Bastian, Trans. Linn. Soc. Lond., 25: 122. 
1963. Aphelenchus avenae: Goodey, Soil and freshwater nematodes: 134., 

1965. Aphelenchus az:enae: Goodey & Hooper, Nematologica, 11 : 55. 

Materials.-8~,1 if: Cuttack, Cen~ral Rice Research Institute, rhizo
sphere of pea, spinach, masur, chaulai; 24.xii.I970. 2~, 2 juveniles; 
Cuttack, Patha, State Agricultural Farm, rhizosphere of potato and 
tomato plants, 23.xii.1970. 
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Measurements.-9~: Length = 0.73-0.98 mm; a = 25-32; b = 6-8; 
c = 23-31; V = 72-78; stylet = 11.2-17.6 pm; eggs ~ 49.5-56.1 X 16.5-
19.8,um. 

Id': length = 0.59 mID; a = 36; b = 5.7; c = 22; stylet = 16.5 pm; 
spicula = 33 pm; gubernaculum = 16 pm. 

Description.-Female: Body tapering anteriorly. Cuticle finely striated. 
Lateral field marked by 10-12 incisures, occupying 1/3-1/4 of body dia
meter. Head slightly offset, without striations. Tail cylindrical, short 
with a rounded terminus. Phasmid not seen~ Ovary single, outstretched; 
oocytes in single row. Postvulvar sac 2-3 times the body-width. 

Male: Body tapering towards extremities. General structure similar 
to that offemale. Tail conical, provided with a bursa supported by 4 pairs 
of ribs. Phasmids not seen. 

Remarks.-The species is polyphagous. 

Family APHELENCHOIDIDAE 

II. Aphelenchoides asterocaudatus Das 

1960. Aphelenchoides asterocaudatus Das, Z. ParasitKde., 19 : 592. 

Material.-2~; Cuttack, Patha, State Agricultural farm, rhizosphere 
of paddy (IR-8); 23.xii.1970. 

Measurements.-2~: Length = 0.55-0.63 mm; a ~ 38-15; b = 7.3-
8.6; c = 15-17; V = 69-70; stylet = 11.0-12.5 ,urn. 

Description.-La teral field marked by two incisures, the latter discerni. 
ble clearly behind the median oesophageal bulb. Head very slighdy 
offset from the body. Basal knobs of stylet poorly developed and not very 
distinct. Nerve ring at 74 pm . (one body width behind the median Qulb) 
and excretory pore at 77-78 pm from .the anterior end. Single ovary 
extending nearly to the posterior end of oesophageal gland. Post-vulvar 
sac slightly more than three times the body diameter. Tail tip with a 
star-shaped process of three mucros. 

Remarks.-The nematode is probably polyphagous. 

I~. Aphelenchoides sapropbllus Franklin 

1957. Aphelenchoides saprophilus Franklin, Nematologica, 2: 309. 

Material.-I ~; I rJ; Cuttack, Central Rice Research Institute, rhizo
sphere of banana tree, 26.xiLI970. 

I ~; Cuttack, Central Rice'Research Institute, rhizosphere of spinach, 
24.xii.1970. 

Measurements.-2~: Length = 0.35-0.62mm; a = 26.37; b = 7.4-8.9; 
c = 15-16; V = 71-72; stylet = 9.9-11.2 pm. . 

10": Length = 0.47; tl=.25; b=7.5; c=13; T=o7%; stylet 
= 11.2pm; spicula = 19pm. 
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Description.-Female: Body slender with offset lips. Lateral field 
marked with four incisures and occupying about 1/5th the body diameter. 
Tail somewhat arcuate, conoid, bearing a terminal mucro. Stylet very 
slender, basal knobs very small, represented by mere thickenings; Oeso
phageal glands ~orm a lobe overlying the intestine dorsally, about three 
body-widths long. Nerve ring about one body-width behind the valves 
of the med~an bulb. Excretory pore approximately at the same level. 
Post-vulvar sac reaching to a bout half the distance to anus. 

Male: Tail slightly arcuate, conoid, bearing a terminal mucro and 
three pairs of papillae. Spicula aphelenchoid, dorsal limb 19 pm long, 
ventral limb 11 pm long, transverse par 6.5 pm long with a protuberance 
a t the dorsal end. 

Remarks.-The species is being recorded from India for the first time. 

SUMMARY 

Twelve species of tylenchid nematodes are recorded from paddy and 
other crops in Cuttack and Bhubneswar. Of these, five species, viz. 
Tylenchus filiformis , Tylenchorhynchus elegans, Meloidogyne graminicola, Hirsch
manniella gracilis and Aphelenchoides asterocaudatus have been recovered either 
from rhizosphere or roots of paddy or from both. One species, Aphelen
choides saprophilus, is recorded from India for the first time. 
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RESULTS OF FIFTY YEARS OF FAUNISTIC 
SURVEY ON INDIAN ISOPODS 

By 

G. RAMAKRISHNA 

Zoological Survey of India, Calcutta 

INTRODUCTION 

The present paper is based mostly on the results of fifty years of 
field surveys undertaken by the Zoological Survey of India, specially 
on the Isopod fauna of India. 

The study of Crustaceans has been carried on continuously in the 
Zoological Survey of India for well over 50 years. Workers like Wood
Mason, Alcock, Annandale, Kemp, Sewell and" Chopra made a critical 
study of different orders of this group and have made the Zoological 
Survey of India as a centre of research on Indian Carcinology. In 
recent years, this trend has been maintained by Tiwari, Ramakrishna, 
Daniel, Reddiah, Ummerkutty, Biswas, and others. 

As a result of the work carried out in the Zoological Survey of lndia 
for over fifty years, the Department possesses very rich collection of 
these animals. These collections have been accumulated from various 
sources, but most of the material has been collected by the officers of 
the Indian Museum prior to 1916 and the staff of the Zoological Survey 
of India, since then. The various military and political expeditions, 
on which zoological specimens were obtained, have enriched very 
considerably the collections of the Survey. Another imrortant source 
from which Crustacea collections have been coming in the past is the 
R.I.M.S. "Investigator" and the Surgeon Naturalists that have 
successively worked on board the ship. Among the names of Surgeon 
Naturalists, Alcock and Sewell stand out significantly as having enriched 
the Crustacea collections of the Survey. Two important surveys under
taken for the collection of zoological specimens with special reference 
to crustaceans are enumerated, in brief, below. 

ABOR EXPEDITION 

Of the expeditions that went to the eastern parts of the Himalayas, 
the Abor Expedition (1911-12) on which permission was given for the 
first time for a zoologist from the Museum-Dr. S. W. Kemp-to 
accompany the force in the capacity of a naturalist, must be referred to 
specially. The collections, including those of crustaceans, brought back 
by Dr. Kemp were very extensive and of an exceptional interest. 
Though this expedition was conducted prior to the establishment of 
the Survey, this has been enumerated here, since most of the crustacea 
collections with special reference to the Isopods were worked out in 
later years and the results published during 1912-22 i.e., after the 
establishment of the Zoological Survey of India in 1916. 

Dr. Kemp was accompanied on the Abor Expedition by Mr. R. 
Hodgart, Zoological Collector in the Indian Museum. The party left 
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Calcutta on November 13, 1911 and returned to the headquarters on 
April 3, 1912 after spending·about four months in the Abor country. 

Abor country lies in the North-East corner of India and bounded 
on the east by the Mishmi country on the North by Tibet and on the 
west by the land inhabited by the Miris and on the South by the Brahma
putra river. In a North to South direction, the Abor country extends 
for about 128 kms. ~etween the base camp at Kobo and Janakmukh, 
it consists of an alluvial plain situated at a height of 400 to 600' ft. above 
sea level, covered with dense jungl~$ jnte~spersed with patches of grass. 
To the north of this lie hills, often precipitous, and intersected by the 
boulder-strewn courses of the small. streams that drain into the Dihang . 
rl.ver!,. 

Majority of the specimens obtained were found comparatively at 
low ~ltitudes 1;>etween 400 to 2500 ft. but some were collected at great 
h~ights up to about 5000 ft. No lakes or pools of standing water were 
met with in the Abor country and practically all the aquatic animals 
~btained were coll~cted from small streams and rivers draining ,into 
I?ihang, or its tributaries. ,Among the crustaceans, Brachyura (crabs) 
were' ~~t uncommon here, but Macrura (prawns, etc.) appeared to be 
represented only by a single species of Macro brachium. 

Eight species, of' Isopods pertaining to five 'genera were collected 
from' the Abor country of which two new genera viz. Burmoniscus and 
Rotungus stand out significant. While the former was collected from 
the caves near Moulmein, the latter was part of the collection made 
from Kobo at 'an altitude of 400 ft. 

SI1U CAVE 

Before going into the details of the results of the surveys during the 
past fifty yea;rs, mention is made here of yet another imp9rtant survey 
undertaken jointly by Drs. Kemp and Chopra to Siju Cave, Garo Hills, 
Assam. Thi~ survey was carried out during January-February, 1922, 
at'a period when the underground streams to which the cave owes its 
origin was at its lowest and the party spent three weeks examining the 
cave fauna and also its topography. In general, the character of the 
Siju Cave may be described as an underground water course running 
in a tunnel of nummulitic 'stones with caverns of considerable dimensions 
at- various' p'oints in its course. The direction of the' cave, speaking 
generally, is north-west. It extends to a depth of about three-quarters 
of a:mile and .admits light only at the, entrance as far as the discovery 
gQes. ~he mouth of the cave is situated in a cliff on the right bank 
of the Someswa,ri river, between the villages of Upper and Lower Siju, 
in- latitude 250 21' N. and long. 900 41' E. The entrance is a passage 
of about 350 ft. in "length, 28 to 35 ft. in breadth and 22 to 25 ft. in 
height. The floor which is nearly horizontal is composed of fine gravel 
wit~ occasion~l stones. The end of the cave system appears to be 
reached at 3,900 ft. from the entrance in a low, more or less circular 
chamber, partly filled with limestone boulders. From the walls of this 
chamber two ~treams emerge, the larger coming from a passage scarcely 
3, ft. broad and containing ~ considerable depth of water. 
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The topography of the Siju cave has no doubt exercised a great 
influence on the fauna which inhabit it. 

Among the Crustaceans two species of prawns viz., Macrobrachium 
hendersoni (de Man) and Macrobrachium cavernicola, a new species, were 
collected from 0 to 3,600 ft. One species of freshwater crab viz., Para tel
phusa (Barytelphusa) falcidigitis Alcock was also collected at a distance 
of about 2,400 ft. from the ·entrance of the cave. 

Of the four species of Isopods collected from the Siju cave, two 
were described as new to science viz., Porcellio assamensis and Philoscia 
dobakholi. These were collected at 450 ft. and between 800 to 3,600 ft. 
from the entrance of the cave respectively. Cubaris cavernosus Collinge 
was obtained between 300 to 3,800 ft. and Philoscia sp. from 800 to 
1,200 ft. from the entrance of the cave. 

The true cave fauna consists of 86 species and of these only 33 pene
trate beyond a· depth of 600 ft. A considerable part of the collection 
consists of species which are known- to occur in day light and most of 
the hitherto undescribed forms resemble their outdoor relatives and 
are not modified in response to their peculiar environment. The 
number of species showing definite adaptation to cavernicolous condi
tions is extremely small. The only animals, in cavern which exhibits 
any modifications which can be correlated with life in total darkness 
are the Isopod Cubaris cavernosus and the mollusc, Opeas cavernicola. 
Among the aquatic fauna the only one species that show any sign of 
modification is the prawn, Macrobrachium cavernicola. No trace of aquatic 
Isopods or Amphipods were there in the cave. 

The Isopod viz. Philoscia dobakholi appeared almost white in colour 
with greatly reduced eyes and found between 600 to 3,600 ft. In 
Cubaris cavernosUs Collinge, the eyes are reduced but the colour was 
not abnormal. 

Apart from these two surveys, the officers and staff of the Department 
carried out other surveys notably of Andaman and Nicobar group of 
Islands and other areas, though not mainly for the study and collection 
of Isopods. The accumulated Isopod material has been worked out 
by various zoologists and the results published. 

RESULTS ACHIEVED 

Very little was known about the Isopod fauna of India prior to the 
establishment of the Zoological Survey of India in 1916. It was Stebbing 
(1907) who initiated the study on Indian Isopods by publishing an 
account of the genus Tachaea and described a new species of the genus 
from Calcutta. He later (1911) gave a detailed account of Indian 
Isopods and dealt with two genera of the Tribe Flabellifera and five 
genera of the tribe Oniscoidea (Terrestrial). Two new genera viz., 
Parapericyphis and Exalloniscus were described by him as new to science, 
based on the material collected from different parts of the country. 

It was, however, not until Collinge entered the field and made 
several contributions that the work received adequate attention. 
Collinge (1914) published an account of three species pertaining to 
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three genera viz., Phi/oscia, Parapericyphis and Cubaris collected from 
Port Blair, Andamans and from the Annamalai Hills about 4000 ft. 
above sea level. He again (1912-22) contributed two papers on the 
terrestrial Isopods obtained from the Abor Expedition. While working 
out the material, he came across two genera new to science viz., Rotungus 
and Burmoniscus, the former obtained from Kobo, Abor country at an 
altitude of 400 ft. and the latter from the caves near Moulmein. Apart 
from these two genera, he also described six other species of which 
three happened to be new to science. 

His next contribution to our knowledge of terrestrial Isopods of 
India dates back to 1914, when he worked out the collection received 
from Madras Province. Of the ten species dealt with nine species 
were new to science. Ennurensis hispidus and Hemiporcellio carinatus 
stand significant among this collection. Collinge (1916) published 
another article on the same subject and described 13 species all of them 
being new to science, pertaining to the genera Parapericyphis, Cubaris 
and Burmoniscus. Burmoniscus kempi was collected from Maosmai 
cave near Cherrapunji at an altitude of 4,000 ft. This was the second 
species of the genus Burmoniscus found in a cave, the other being B. 
moulmeinus. / He, later, (19 I 7) de5cribed another new species of the 
genus Synidotea from the Gulf of Mannar. 

Subsequently, Chopra (192"3) contributed a monumental mono
graph on the Bopyrid Isopods of Indian Decapod Macrura. Till then, 
nothing was known on the Bopyrid Isopod parasites of India and also 
of the neighbouring countries. These' were, however, common in 
Indian waters since almost all the species of Caridean prawns generally 
available in Calcutta markets were infested with them. The fauna 
of Bopyrids is rich in the number of species and also in the number of 
some individual species. 33 species pertaining to 13 genera were des
cribed by him, collected mostly from the Andamans Islands, Delta of 
Ganges, Madras and other areas. 

Later, he (1924) worked out the fauna of Siju cave and described 
four species of terrestrial Isopods belonging to three genera and two 
families viz., Oniscidae and Armadillidae. The cave fauna between 
300 to 500 ft. from the entrance had the richest fauna and this was true 
of Isopods too. So far as characters associated with cave .. life go, the 
three species of Isopod a collected in the Siju cave do not show an advanced 
degree of adaptation to their environment. Of the three, Philoscia 
dobakholi Chopra shows the greatest modification; its colour is almost 
totally bleached and the eyes are partly reduced. In Cubaris cavernosus 
also the eyes are considerably reduced, but the colouration does not 
show any indication of a subterranean life. The species lives, however, 
almost upto the inner end of the cave. The third species (Porecellio 
assamensis) does not seem to have succeeded in penetrating to any great 
depth. It has well developed eyes and is dark coloured. 

Two Myrmecophilous Isopods collected from Barkuda Islands, 
Chilka Lake were then described by Chopra (1924) brought by Annan
dale. Of the two, Cubaris granulatus was not known to be associated 
with ants earlier. The species is perhaps . only a casual visitor in ants 
nests and may have taken this mode of life recently. Platyarthrus aeropyga 
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on the other hand shows some adaptations indicative of a subterranean 
existence. It is almost perfectly white in colour having only scanty 
pigmentation on the exterior and is totally blind. Chopra (1930) 
further contributed another interesting paper on the Bopyrid Isopods 
on Indian Decapod Macrura. The collections included 12 species 
pertaining to 7 genera collected mostly from Andaman and Nicobar 
group of Islands, Delta of Ganges, Gulf of Mannar 'and Bombay. 

Chilton (1926) described several species of Isopods and Tanaidacea 
based on the collection obtained from a tour in the Far East. 

Barnard (1935, 1936) reported on some Isopods Tanaidacea, and 
Amphipoda based on the collection obtained by the R.I.M.S. Investi. 
gator. The collections contained littoral, shallow-water and deep
water species from localities in the whole Indian region extending from 
the Mergui Archipelago in the east to the Arabian sea and mouth of 
Persian Gulf in the west. The collection contains 34 species of which 
seven were described as new to science, one of which is a littoral wood 
louse. Verhoeff (1936) also dealt with several species of terrestrial 
Isopods collected from Madras and other parts of South India. He 
further described a new species of the genus, Protracheoniscus from 
Ladakh. 

Chopra (1947) gave an account of the first occw-rence in India 
of the ancient suborder Phreatoicoidea (Crustacea: Isopoda), based 
on material received from Dr. M. Sharif of the Haffkine Institute in 1946 
collected in a pucca well at Lohagara Railway station, eighteen miles 
from Allahabad. Later, several specimens pertaining to this group 
were collected from the wells at Banaras (U.P.). This suborder is 
known to have a very interesting distribution, being somewhat plentiful 
in Australia, Tasmania and New Zealand and having been found out
side this region only in Cape Province of South Africa. Its occurrence 
in South Asia was, therefore, considered to be of particular significance. 
Chopra and Tiwari (1950) described a genus Nichollsia kashiense from 
the material collected from the well in the outer lawn of the Kaiser 
Castle, Banaras Cantt. Subsequently Tiwari (1952) dealt with in 
detail the morphology of Nichollsia kashiense. He (1953) described a 
new species of the rare Cymothoid genus Agarna, parasitic on the Clupeid 
fish Nematolosa nasus in the Bay of Bengal. Later, Tiwari (1955) des
cribed yet another new species of Nichollsia, viz., N. menoni collected 
from an abandoned well at Monghyr (Bihar). Tiwari (1955) contribu
ted yet another article erecting a new family Nichollsidae to accommo
date the genus· Nichollsia of the suborder Phreatoicoidea based on the 
preserved material. 

In recent years, Ramakrishna contributed a paper on the terrestrial 
Isopods collected by Dr. Jayaramakrishnan in the Kameng Division 
of the North Eastern Frontier Agency. Although few in numbers, the 
collection includes fascinating forms. It. consists of four species belong
ing to four genera viz., Po rcellio , Philoscia, Porcellionides and Cubaris. 
Of the three genera pertaining to the family Oniscidae, Porcellio and 
Philoscia were collected from a comparatively higher altitude viz., 6,500 ft. 
and 6,600 ft. (1,982 and 2,013 metres), while Porcellionides was collected 
from 2,000 ft. (610 metres). 
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The family Armidillidae is represented by a single species viz., 
Cubaris marmoratus Collinge in the collection and was collected from 
an altitude of 6,500 ft. Of these species, Philoscia muscorum is reported 
for the first time from the Kameng Division of NEF A and indeed from 
India. 

Subsequently, Ramakrishna described a new species of Philoscia 
based on material received from Shri Azeez, Entomologist, Coal Mines 
Welfare Organisation, Dhanbad. The material consisted of four 
specimens (one male and three females) collected from a pit and the 
surrounding galleries of Lodna Colliery, 13 km. from Dhanbad, Bihar 
State. 
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TAXONOMIC, BIOLOGICAL AND ECOLOGICAL 

STUDIES ON SOME INDIAN MEMBRACIDS 

PART-II 

By 
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and 

T N. ANANTHAKRISHNAN 

Loyola College, Madras-34 

BIOLOGICAL STUDIES 

(a) Mating and oviposition.-Ma ting in the various species studied 
here, never appears to be seasonal and occurs throughout the year. 
Generally copulation takes place during the war~er hours of 
the day. While in most species mating begins soon after the insects 
attain maturity, in species of Leptocentrus, Oxyrhachis and Otinotus mating 
was observed a day or two after the sexes attained maturity. Species 
of Gargara, Tricentrus and Coccosterphus were observed to mate 3-7 days 
after the last moult. In Tricentrus pilosus in spite of very careful obser
vations copulation could not be noticed. In all species of Oxy·rhachis, 
and Otinotus oneratus often two or more males congregate around a female 
prior to mating. The position assumed in mating is such that the 
opposite sexes face away from each other. Sluggish forms like Oxyrha
chis ruftscens, Oxyrhachis tarandus and Otinotus oneratus are not easily dis
tracted when disturbed and never get detached even when they are 
dislodged, while the more active forms such as Otinotus indicatus, species of 
Leptocentrus and Coccosterphus get disengaged at the slightest disturbance. 
In Oxyrhachis tarandus, O. rufescens and Otinotus oneratus mating lasts for an 
hour or two, but actual field observations show that these sluggish forms 
if undisturbed, remain in copula for hours together. The duration of 
copulation for Coccosterphus tuberculatus, C. minutus, Leptocentrus taurus and 
Gargara mixta was timed 20-35, 5-15, 10-15 and 35-50 minutes respec. 
tively. 

The majority of local species prefer the bark of twigs which are 
one or two years old, for oviposition. This is the usual location for 
all species of Oxyrhachis, Otinotus, some species of Leptocentrus and Tricent
rUSe Some species like Leptocentrus moringae and L. bauhiniae choose ten
der twigs which may be pll:nctured to the extent of being broken off. 
Leptocentrus taurus can successfully oviposit on young as well as woody 
twigs. Oxyrhachis tarandus, O. rufescens and Leptocentrus taurus often depo
sit the eggs in punctures produced on the slender twiners of weak
stemmed plants. Midribs and petioles are the preferred sites of ovi
position in Gargara albitarsis and Coccosterphus minutus, while the leaf 
axils are preferred by Telingana consobrina and Gargara malabarica. Some 
species regularly oviposit on the peduncles or pedicels of flowers while 
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some polyphagous species often do so. For instance, Telingana nigroa
lata, Coccosterphus paludatus and C. tuberculatus always choose peduncles. 
Otinotus oneratus which normally lays egg"s on twigs of one or two years 
old, has als~ been noted to. oviposit on t4e peduncles of Cestrum diurnum. 
The species inhabiting herbaceous or semiwoody annuals or biennials 
invariably oviposit on the basal part of the main stem as illustrated by 
Tricentrus albomaculatus-a monophagous species found on Datura fastuosa. 
I t is interesting to note a few species such as Leptocentrus rhizophagus ovi
positing, as a rule, on slender free-hanging prop roots of Ficus bengalensis. 
Tricentrus pilosus, on the other hand, lays eggs on prop roots as well as 
on young twigs of Thespesia populnea and the choice appears to depend 
on the season. (vide Table 1). The peculiar instance of oviposition 
in the roots or on the base of the stem below the surface of the ground 
reported for Thelia bimaculata and Stictocephala festina by Funkhouser 
(1916, 1917) has, however, no parallel among the species studied 
presently. 

The nature of the oviposition slit varies. In many instances, the 
slit' appears to be nearly straight and narrow made by an oblique thrust 
of the ovipositor. The" eggs are inserted in the slit arranged in 'a single 
slanting row; the slit soon closes by the springing back of the bark, 
leaving but a streak superficially. II Leptocentrus moringae, Tricentrus pilosus 
and many species of Gargara illustrate this type of. oviposition., In 
another type of oviposition observed in Leptocentrus taurus, L. bauhiniae, 
L. nigra and L. mangiferae two crescentic slits are made side by side. and 
a single or double row of eggs are" deposited; : the slit never closes and 
often remains as a deep elliptical scar for a long time; should this type 
of ovipotion occur in' a tender twiner or herbaceous stem, the injury 
causes the stem to break off. Rarely as in Gargara madrasensis the slit 
takes the form of a more or less shallow excavation, never reaching 
the stele. In some cases, the punctures are superficiCl.l extending only 
to the endodermis with the result that the eggs are not entirely hidden, 
the~'tips plainly projecting out. This is illustrated by Otinotus oneratus 
and many of the species of Oxyrhachis. In the latter genus, the eggs 
are arranged in a palmate ma'nner, the opposite rows converging at 
one end and diverging at the other. In Oxyrhachis brevicornutus the eggs 
are arranged il1 two rows and the egg mass covered by a viscid subs
tance. In Otinotus one'ratus the eggs are laid in irregular clusters often 
one row being p~rtially or entirely overlapped by another. In some 
species such as Gargara albitarsis and Telingana consobrina the eggs are 
laid singly. 

The number of eggs in eac;h egg mass varies eVen within the species. 
The <lata for all th~ species taken during the present studies with regard 
to the number ,of eggs in one mass are presented in Table 1. 

There "are mainly two' types of movement of ovipositor in the act 
of oviposition. In the first type exemplified by all the species of Tricen
trus, Gargara; Coccosterphus and Telingana the female raises her abdomen 
as high as possible, unsheaths the ovipositor which is held at right angles 
to the abdomen and slowly pushed into the bark. In this perpendicular 
thrust, the ovipositor which bends up and down several- times due to 
the resistance offered by'the bark and wood, progresses steadily back
wards until jt turns almost parallel to the body and the eg~s are'laic1. 
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in the slit after which the ovipositor is· withdrawn. In Leptocentrus, 
besides the main slit a shallow supplementary slit is made. In the 

TABLE 1 

Oviposition habits and duration of egg stage. 

Name of the membracid Minimum Maximum Duration 
species No. of No. of Oviposition site on host. of egg 

eggs in eggs in stage in 
each mass. each mass. days 

Oxyrhachis rufescens 30 270 Twig of one or two years old 
slender twiners 

7-10' 

O. tarandus 48 240 
" " 7-12 

O. minusculus 40 160 
" " 6-10 

O. krusadiensis 120 160 
" " O. uncatus 96 140 
" " O. brevicornutus 18 22 
" " Leptocentrus taurus 18 27 Young and woody twigs 6-14 

L. leucaspis 8 17 Woody branches 8-14 
L. bajulans 7 16 

" " 5- 9 
L. varicornis 18 28 

" " 10-15 
L. bauhiniae 10 22 Tender twigs 10-15 
L. moringae 18 27 Tip of young twigs 10-15 
L. mangifarae 5 15 Woody twigs 7-13 
L. major 7 16 

" " 10-12 
L. nigra 5 15 

" " 
10-14 

L. rhizophagus 4 20 Prop roots of Banyan tree 8-10 
Otinotus oneratus 3 16 Young or old twigs 7-13 
O. mimicus 3 8 

" " O. indicatus 6 18 Main trunk of shrubs or two 8-11 

O.obliquus 
year old twigs of trees 

4 10 
" " Telingana nigroalata 16 40 Peduncles of flowers 

T. consobrina 1 Axil of leaflet 
Tricen tres pilosus 8 20 Prop roots of Banyan tree 9-16 
T. decornis 4 8 Young twigs 7- 9 
T. albomaculatus 5 15 Basal part of Datura stem 6-11 
T. purpureus 6 8 Young twigs 8-14 
T. congestlls 4 8 Woody twigs 10-13 
Gargara mixta 5 18 Tip of twig 7-10 
G. extrema 6 18 

" " 
5-10 

G. malabarica 5 8 Leafaxils 7-12 
G. albitarsis 1 Petioles 6- 9 
G. madrasensis 4 8 Young twigs 6- 9 
G. rustica 6 20 

" " 
8-10 

Coccosterphus minutus 6 10 Midrib of leaf 5- 7 
C. paludatus 6 10 Peduncle of flower or fruit 9-15 
C. tuberculatus 4 6 

" " 
7-12 

second type observed in the species of Oxyrhachis and Otinotus, the ovi
positor is held at an angle to the abdomen and thrust obliquely into 
the bark. I t is withdrawn after anchoring each egg in the host tissue 
and reinserted for the next egg. Some species having high fecundity 
lay eggs in slits which are very close to each other in the same twig, 
for instance, in Gargara mixta 31-32 egg masses have been deposited 
within a distance of one inch, in Otinotus oneratus 37-98, whi.le Leptocentrus 
leucaspis .lays 55-70 egg masses within the same space and this is the case 
for many other specie~ ~l~o, . 
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The ovipositor has sharp saw-like edge for lacerating the host tissue 
while making the egg slits. A comparison of the ovipositors of many 
of the species suggests a correlation between the length of this structure 
and the mechanics o( oviposition. It is not unusual for some smaller 
species to possess comparatively longer and more powerful ovipositors. 
For example, Coccosterphus minutus, Gargara madrasensis, Parayasa maculosa 
and Tricentrus albomaculatus all of which are small species have relatively 
long ovipositors enabling them to anchor the eggs deep within the bark. 

The eggs of all the species examined are more or less identical in 
shape, being elongate, with a slight curvature on lateral margins. In 
most cases, the eggs are shining white with a smooth vitreous chorion. 
The basal part of the egg is invariably rounded while the tip may either 
be simple as in the majority of species or slightly drawn out to give a 
club-like appearance to the egg as in Leptocentrus leucaspis. According 
to Lefroy (1909) the egg of Oxyrhachis tarandus has a sharp bent spine 
at one end which is embedded in the tissue of the host plant. In the 
present studies, in spite of examining a large number of eggs of this 
species no such spine was noticed and it appears to be absent in other 
species of Oxyrhachis as well. The eggs of Oxyrhachis rufescens, the largest 
in size found locally, measures 0.9-1.1 mm. long and 0.25-0.3 mm. wide 
at the maximum diameter. The smallest eggs are those of Coccosterphus 
minutus and Gargara madrasensi's measuring 0.55-0.6 mm. long and 0.16-
0.2 mm. wide. Before hatching, the eggs of all species show an increase 
in size, the colour in many ca~es turning to yellowish or light fusqous. 

(b) Duration of egg stage.-The duration of egg stage differs in the 
different species as shown in the Table 2. A minimum of 5 days and 
a maximum of 16 days have been noted for incubation. Even within 
the same species the difference in the incubation period appears to be 
spectacular during the various seasons of the year due to the effects 
of the physical factors such as temperature and moisture. HoweV'er, 
eggs laid at the same time show variations relating to hatching though 
the environmental factors are identical. The reason for such a differen
tial rate of embryonic development is not known. 

The duration of each instar varies for the different species and even 
for the individuals hatching from a single egg mass. In general it is 
found that the duration of the first instar is greater than the succeeding 
three instars, while the fifth instar has the maximum duration as shown 
in Table 2. 

(c) Hatching.-Hatching occurs invariably during the early hours 
of morning when the surrounding temperature is low. Prior to hatch
ing, the egg slightly enlarges and stands conspicuously apart from the 
neighbouringe ggs. During hatching, the hatching membrane enclos
ing the embryo breaks up and the chorion splits near the upper end. 
Then the egg-cap is forced upwards by the cranial tubercules and the 
head of the nymph projects out. The nymph exhibits rhythmic to 
and fro movements of its body for working its way out. For a few 
minutes the insect stands on its anal segment which is still inside the 
hatching membrane. As soon as it gets a foothold, it pulls the terminal 
part of the abdomen out of the shell, slowly moves apart and rests for 
sometime. The whole process of hatching requires from 15 minutes 
to one hOl:lr in the different species. -
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. (d) ~cdysis.-. The region where the ecdysial splitting first appears 
differs In the dIfferent genera. Some species require a firm foothold 
on the substratum, while others can moult without attachment. In 
the fifth instar moulting can be easily observed in view of its larger size. 

TABLE 2 

Duration of nymphal stages in membracids. 

Name of species First Second Third Fourth Fifth Total No. 
instar instar instar instar instar of days 

Oxyrhachis tarandus 8 6 6 3 10 33 
O.rufescens 5 4 5 5 11 30 
O.minusculus 5 3 4 4 8 24 
O.krusadiensis 8 6 3 3 10 30 
O.uncatus 8 5 4 4 8 29 
O. brevicornutus 10 3 4 4 9 30 
Telingana nigroalata 8 5 4 5 12 34 
T.consobrina 6 4 4 5 9 28 
Leptocentrustaurus 5 3 3 4 10 25 
L.rhizophagus 6 4 5 .5 9 29 
L.leucaspis 6 4 4 4 11 29 
L.bajulans 5 4 6 6 7 28 
L. varicornis 4 3 4 4 10 25 
L.moringae 7 4 5 4 9 29 
L.mangiferae 7 5 4 4 9 29 
L. bauhiniae 5 4 3 3 8 23 
L.nigra 9 6 5 5 9 34 
L.major 8 6 4 4 10 32 
Otinotus oneratus 7 5 5 4 8 29 
O.mimicus 6 3 3 3 8 23 
O. indicatus 9 3 5 -4 10 31 
O.obliquus 10 3 3 3 7 26 
Tricentrus pilosus 8 4 5 5 9 31 
T.albomaculatus 7 3 3 3 6 22 
T. purpureus 10 6 5 4 10 35 
T.decornis 7 4 3 4 7 27 
T.congestus 8 5 4 4 9 30 
Gargara mix:ta 4 5 4 3 7 23 
G.extrema 5 5 4 3 7 24 
G.rustica 4 3 3 3 8 21 
G.malabarica 5 4 3 4 7 23 
G.madrasensis 4 3 3 4 7 21 
G.albitarsis 5 4 3 3 8 23 
Parayasa maculosa 7 3 4 3 9 26 
Coccosterphus minutus 5 3 3 3 8 22 
c. tuberculatus 6 4 4 5 12 31 
C.paludatus 7 6 4 4 13 34 

In -all species of Leptocentrus the- nymph attaches to the twig .by the first 
two pairs- of legs; the splitting commences from the middle of ' vertex 
and extends over the thorax, legs, wings and abdomen';- the head emerges 
through the split followed hr the other regi~ns of the boqy. In all the 
species of Coccosterphus and Gargara the nymphsa,t~ch to the .. substra~ 
by ~11 the -legs; in Tricentrus albomaculatus only the forelegs are attached~ 
In all the above examples, the moulted skins or exuviae have been found 
tO',be perfect and useful for the study of the chaetotaxyo In O~rhacki.r 
and OtinottJs, the nymph is not attached; splitting starts oVer the thorax 
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followed by the head, legs anc;l abdomen; the exuvium is much torn, 
parts of it being found attached to the legs of the insect for sometime. 
Soon after moulting, the various regions of the body become swollen. 
The new exoskeleton is pale yellowish white, turning to the normal 
colour in a few hours. The time taken for moulting varies not only 
in the different species but in the individuals of the same species. The 
minimum period noted for the process is 10 minutes for Coccosterphus 
paludatus and the greatest is fortyfive minutes for Leptocentrus rhi40phagus. 
If the insects are subjected to any mechanical injuries or if the twig of 
the host plant happens to dry up during the period of moulting, the 
adults become abnormal, exhibiting unusual twists in the pronotal 
processes and the wings appear crumpled. 

(e) Host Preftrence.-Most of the local species of membracids show 
host specificity to it remarkable extent. Certain species of plants, 
although occurring in abundance throughout the year, are notably free 
from membracids. For instance, all plants of the families, Cucurbitaceae, 
Oleaceae, Asclepiadaceae, Apocyanaceae, Acanthaceae, Meliaceae and Labiatae 
are decidedly avoided by membracids, while Leguminosae, the acacias 
in particular, Compositae, Rubiaceae, Solanaceae, Myrtaceae and Rhamnaceae 
are among those most preferred by these insects. The monophagous 
membracids exhibit absolute host specificity; some which are oligo
phagous choose closely related plants often belonging to the same family, 
while others appear to be polyphagous extending their range' OVer a 
wider variety of plants' (Table 3). Monophagous species include Lep
tocentrus mangiferae found only on Mangifera indica, Leptocentrus bauhiniae 
on Bauhinia tomentosa and Tricentrus albomaculatus on Datura fastuosa. In 
a few instances, as Funkhouser (191 7) states, the association between 
the membracid and the host is so specific that a knowledge of the one 
is sufficient for a recognition of the other. Thus, Leptocentrus moringae 
not only confines itself to Moringa moringa but is the only species ever 
found on this host. Oxyrhachis rufescens is notable for its oligophagous 
habit being found only on the leguminous plants (Table 4), while Oxyr
hachis tarandus, though found mostly on Leguminosae, is often encoun
tered on Casurina and Morinda tinctoria. Leptocentrus taurus and Otinotus 
oneratus are decidedly polyphagous. Otinotus oneratus has so far been 
recorded from forty host species from South India and the range may 
be' undoubtedly wider (Table 5); some of these plants such as Prosopis 
spicigera, Cestrum diurnum and ~,ityphus jujuba are much preferred. 

That membracids are capable of rhizophagous habit, a, fact hith~rto 
unrecorded, has been established beyond doubt in the course of the 
present studies. Four species, Leptocentrus rkizopkagus, Coccosterpkus palu
datus, Otinotus oneratus and Tricentrus pilost},S-are -regularly- met -with 
on the slender free-hanging prop roots of Ficus bengalensis where 
oviposition as well as feeding of nymphs and adults, have been 
observed. Strangely enough, none of tl).ese membracids have any 
tendency to feed o~ the leafy shoots of. the banyan tree. 

It has been observed that while the D;lajority of the local species 
utilize specific 'host plants for oviposition and feeding" a few species 
choose a particular host for oviposition and feeding during their nym
phal period, the adults swa!ming oV'er and feeding on almost all plants 
of the locality. Thus, 7elingana nigroalata, a, sp'ecies ~ommo'i1. in the 
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Oxyrhachis tarandus 

o. rufescens 
o. minusculus 
o. uncatus 
o. krusadiensis 
o. brevicornutus 
Leptocentrus taurus 

L. mangiferae 
L. major 
L. bajulans 
L. leucaspis 
L. varicornis 
L. rhizophagus 
L. nigra 
L. bauhiniae" 
Tricentrus pilosus 
T. decornis 
T. albomaculatus 
T. congestus 
T. purpureus 
Gargara mixta 
G. rustica 
G. madrasensis 
G. albitarsis 
G. malabarica 
G. extrema 

Otinotus oneratus 
O. mimicus 
o. indicatus 
O.obliquus 
Coccosterphus minutus 

C. paludatus 

C. tuberculatus 
Parayasa maculosa 
Telingana nigroalata 
T. conso brina 

TABLE 3 

Host plants of the Indian Membracids. 

Acacia arabica, Prosopis spicigera, Cassia sp. Peltophorum 
sp. Caesalpinia coriaria, Sesbania grandiflora, Eryth
rina indica. 

vide Table 7. 
Casuarina equisetifolia. 
Prosopis spicigera. 
Prosopis spicigera, Cassia sp. 
Prosopis spicigera. " 

Acacia arabica, A. melanoxylon, Albizzia Iebbec, Tamarin
dus indica, Capparis sepiaria Zizyphus jujuba, Verno
nia cinerea, Artabotrys odoratissimus, Erythrina indica, 
Crataeva religiosa, Ipomaea biloba, Hibiscus rosasinen
sis, Thespesia populnea, Feronia elephantum, Anacar
dium occidentale, Cyamopsis tetragonoloba, Bauhinia 
tomentosa, B. purpurea, Casuarina equisetifolia, Sola
num torvum, S.melongena, Eranthimum sp. 

Mangifera indica. 
Mich~elia champaka. 
Casuarina equisetifolia. 
Terminalia cadappa, Pongamia glabra. 
Zizyphus jujuba. 
Prop roots of Ficus bengalensis. 
Phyllanthus sp. 
Bauhinia tomentosa. 
Prop roots of Ficus bengalensis, Thespesia populnea. 
Eugenia caryophyllata, Lagerstroemia sp., Cryptostegia sp. 
Da tura fastuosa. 
Vernonia cinerea. 
Polygonum sp. 
Lagerstroemia sp., Syzygium jambolanum. 
Zizyphus jujuba. 
Cestrum diurnwn, Caesalpinia pulcherrima, Tecoma sp. 
Tecoma grandiflora. 
Phyllanthus emblica. 
Solanum melongena, Zizyphus oenoplia, Capsicum frutes-

cens, Solanum torvum. 
vide "Table 8. 
Artocarpus integrifolia. 
Thespesai populnea; Syzygium jambolanum, Tecoma sp. 
Trewia nudi~ora, Phyllanthus sp., Premna Iatifolia. 
Prosopis spicigera, Cestrum diurnum, Tecoma stans, Verno

nia cinerea, Acalypha sp.· 
Bauhinia tomentosa, Cestrum diurhum, Lawsonia alba, 

prop roots of Ficus bengalensis. 
Phyllanthus emblica, Morinda tinctoria. 
Cestrum aurantiacum, 1\cacia melanoxylon. 
Agapanthus umbellatus. 
Aspidium sp. 

Kodaikanal hills and sporadic on plains, oviposits on Agapanthus urn
bellatus in the months of March and April; the nymphs feed on the same 
plant. Emergence of adults occurring during the first and second 
weeks of June is associated with swarming; subsequently they are found 
on almost all plants such as Prunus salicina, Acacia auriculiformis, Juniperus 
virginiana, Spiraea corymbosa, Erythrina cristogalli, Cestrumaurantiacum, and 
on ferns. Such instances often lead to false conclusions regarding the 
teal host plant of the species. 

39 
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TABLE 4 

Host plants of Oxyrhachis rufescens. 

Name of leguminous Subfamily Period of occurrence 
host plant 

Acacia arabica Mimoseae Throughout the year 
A. melanox:ylon 

" 
Sporadic 

A. auriculiformis 
" " Prosopis spicigera 
" 

Throughout the year 
P. juliflora 

" " Enterolobium saman 
" 

September to November 
Pithecolobium dulce 

" 
Throughout the year 

Mimosa sp. 
" 

Sporadic and rare 
Parkia biglandulosa 

" " Delonix regia Caesalpiniaceae July to September 
Caesalpinia coriaria 

" " C. pulcherrima 
" 

September to December 
Cassia fistula 

" 
August to December 

Cassia sp. 
" " Peltophorum sp. 
" 

Rare 
Tamarindus indicus 

" 
August to December 

Bauhinia tomentosa 
" 

Rare 
B. purpurea 

" 
September to November 

B. variegata 
" " Parkinsonia aculeata )J Rare and sporadic 

Crotalaria juncea Pap il ionaceae September to December 
C. verrucosa 

" " Erythrina indica 
" 

April to June 
Butea frondosa 

" 
August to November 

Sesbania aegyptiaca 
" 

Rare and sporadic 
Pt~rocarpus marsupium 

" " 

It is interesting" to note that in South India Otinotus oneratus which 
is very c')mmon on a variety of unrelated host plants, is conspicuous 
by its absence on Datura fastuosa. However, the same species reported 
from North India by Behura (1951,- 1956) is stated to prefer Daturafas
tuosa wherever this plant occurs. In the pr,esent studies, attempts at 
rearing this membracid to maturity on Datura fastuosa has so far been 
met with failure. Although no attempt has been made towards a 
chemical analysis in the present studie~, it seems probable that there 
might be subtle biochemical differences between the host species of the 
two regions to cause t4e distinction. 

The species whose host plants have been studied appear to have 
all stages of one or more broods passed through on the same host plant, 
unlike some American species which are stated by Funkhouser (1917) 
to require two hosts, one for the feeding of nymphs and the other for 
the adults to oviposit, the former host being usually herbaceous and 
succulent, while the latter being woody shrubs or trees. However, 
certain local species qeliberately change their host after completing 
one or two generations although there is apparently no morphological 
difference on the host to induce such a behaviour. For instance, Coccos
terphus paludatus feeds and breeds on Bauhinia purpurea from June to 
September completing two generations, migrating thereafter to Cestrum 
diurnum, Tecoma stans and Lawsonia alba or taking to a rhizophagous 
ha bi t on Ficus bengalensis. 
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(f) Communal life.-While some species of membracids occur soli
tarily on their host plants, others are decidedly gregarious. Many of 
the species of Oxyrhachis are gregarious though brevicornutus forms an 
exception. In all the strictly solitary species, the eggs are laid either 
singly or in clusters wide apart and the nymphs immediately on hatching 

TABLE 5 

Host plants of Oti notus oneratus in the vicinity of Madras. 

Name of plant Family Period of infestation 

Prosopis spicigera Mimoseae Throughout the year 
P. j uliflora 

" " Acacia arabica 
" " Cestrum diurnum Solanaceae 

" Zizyphus jujuba Rhamnaceae April to December 
Z.oenoplia 

" " Bauhinia variegata (Jaesalpiniaceae Septem ber to December 
B. purpurea 

" " Erythrina indica Papilionaceae June to August 
Capparis sepiaria Capparidaceae April to June 
Cat)sia angut)tifolia Caesalpiniaceae June to September 
Cassia fistula 

" " Cassia marginata 
" " (Jaesalpinia pulcherrima 
" 

Sporadic 
C. coriaria 

" " Peltophorum sp. 
" " Psidium guajava Myrtaceae August to October 

Tamarindus indicus Caesalpiniaceae November to March 
Pongamia glabra Papilionaceae Rare and sporadic 
Butea frondosa 

" " Sesbania grandiflora 
" " (Jrotalaria sp. 
" 

October-November 
Crataeva religiosa Capparidaceae April to June 
(Jadaba indica 

" " Enterolobium saman Mimoseae Rare and sporadic 
Pithecolobium dulce 

" October to January 
Aegle marmelos Rutaceae Sporadic 
Feronia elephantum 

" " Morinda tioctoria Rubiaceae December to January 
Morinda citrifolia 

" " Moringa moringa Moringaceae Rare and sporadic 
Thespesia populnea Malvaceae December to January 
Lagerstroemia Flosreginae Lythraceae September to January 
Terminalia catappa Combretaceae September to November 
Anona squamosa Anonaceae Sporadic 
Solanum torvum Solanaceae November to January 
S. lycopersicum , , 

" Prop roots of Ficus bengalensis Urticaceae October to December 

exhibit a tendency to move along the twigs and become solitary. Some 
species like Coccosterphus tuberculatus are gregarious during their nymphal 
stages !.Jut remain solitarily as adults. Conversely, the adults of a few 
membracids, for instance, Leptocentrus moringae are found in groups on 
the twigs of Moringa while their nymphs are solitary, each occupying 
a leaf axil. In some, like Leptocentrus rhizophagus, the first instar nymphs 
are gregarious and the later stages are found to be solitary. In a few 
species, the nymphs appear to be subgregarious~ being found in small 
groups of-5 or 6· individuals. 
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Gregarious habit in both nymphal and adult stages is observed in 
many species such as Oxyrhachis krusadiensis, Oxyrhachis uncatus, Oxyrhachis 
minusculus, Gargara mixta, etc. though these species are not observed to 
live with other species. On the other hand, sometimes the same host 
plant lodges two gregarious species, the individuals of both the species 
crowding together and mingling with each other very closely; such close 
harmony is noticed in Oxyrhachis tarandus and Otinotus oneratus on Prosopis 
spicigera. The egg masses of these two species are very often laid so 
close to each other that the egg slits of one species become partially 
overlapped by the other. In general, the greagarious species happen 
to be highly prolific and they lay egg masses in close proximity, the 
nymphs as well as adults showing very little tendency towards migration 
with the result that several generations are passed through on the same 
plant, often o~ the same twig~ Nymphs of two species often mingle 
with each other while the adults are prone to be solitary. Thus, the 
nymphs of Gargara rustica and Coccostetphus paludatus live gregariously 
on Bauhinia~· the latter species is also found associated with Tricentrus 
pilosus on the prop roots of Banyan. Rarely, an individual nymph 
of a solitary species has been observed in the midst of a gregarious one. 
In a few instances, two species which are no~mally solitary on different 
host plants live gregariously if they happen to find themselves on the 

Species of Membracid 

Coccosterphus minutus 
Gargara albi tarsis 
Tricentrus pilosus 
Otinotus indicatus 
Otinotus obliquus 
Oxyrhachis brevicornutus 
Telingana consobrina 
Leptocentrus varicornis 
Leptocentrus bajulans 
Leptocentrus nigra 
Leptocentrus mangiferae 
Leptocentrus moringae 
Telingana nigroalata 
Coccosterphus tuberculatus 
Leptocentrus rhizophagus 

Oxyrhachis krusadiensis 
Oxyrhachis uncatus 
Oxyrhachis minusculus 
Gargara mixta 
Gargara malabarica 
Oxyrhachis tarandus 
Oxyrhachis rufescens 
Otinotus oneratus 
Gargara rustica 
Coccosterphus paludatus 
Tricentrus pilosus 
Tricentrus albomaculatus 
Leptocentrus taurus 
Leptocentrus bauhiniae 

Leptocentrus taurus 
Leptocentrus leucaspis 

TABLE 6 

Type of solitary and communal life 

Species entirely solitary a~ both nymphs and adults. 

Species gregarisus as adults but solitary as nymphs. 

Species solitary as adults but gregarious as nymphs. 
Species gregarious in the first instar, but solitary 

thereafter. 
Species gregarious as both nymphs and adults, 

but not living with other species. 

Gregarious species living with other gregarious 
species as both nymphs and adults. 

Species living with other gregarious species as 
nymphs, but not as adults. 

Species solitary on different hosts, but living to
gether on the same host. 

Species found solitarily as nymphs in the midst of 
another gregarious species. 

Subgregarious species found in small groups of 
five or six a3 nymphs. 
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same host plant. The various types of communal life observed in local 
species are summarised in Table 6. 

(g) Attendance by Ants.-That many membracids are attended by 
ants for the sake of their anal secretion, the so-called 'honey-dew' is 
well known. In fact, in many instances the hiding places of the mem
bracids are easily located by following the tract of marching ants. As 
stated earlier, interesting accounts on this subject have been furnished 
by many workers. The association, though common,- is undoubtedly 
not as. indispensable and obligatory as the strict symbiotic relation 
between ants and some other insects. 

Many of the local species ofmembracids are attended by one or more 
species of ants, the exceptions so far noted being Coccosterphus rninutus, 
Telingana consobrina, Parayasa maculosa, Tricentrus purpureus, Otinotus mimi
cus, Oxyrhachis brevicornutus and Gargara madrasensis (Table 7). 

TABLE 7 

Membracid species and their attending ants. 

'Membracid species 

Oxyrhachis tarandus 
Oxyrhachis rufescens 
Oxyrhachis uncatus 
Oxyrhachis minusculus 
Oxyrhachis brevicornutu~ 
Oxyrhachis krusadiensis 
Leptocentrus taurus 
Leptocentrus leucaspis 
Leptocentrus rhizophagus 

Leptocen trus moringae 
Leptocentrus bauhiniae 
Leptocentru~ mangiferae 
Leptocentrus major 
Leptocentrus varicornis 
Leptocentrus bajulans 
Otinotus oneratus 
Otinotus mimicus 
Otinotus indicatus 
Otinotus obliquus 
Tricentrus albomaculatus 
Tricentrus pilosus 
Tricentrus decornis 
Tricentrus congestus 
Tricen trus purpureus 
Gargara mixta 
Gargara extrema 
Gargara malabarica 
Gargara madrasensis 
Gargara albitarsis 
Gargara rustica 

Coccc~terphus minutus 
Coccosterphus paludatus 
Coccosterphus tuberculatus 
Telingaria nigroalata 
Telingana consobrina 

Parayasa maculosa 

Attending ants 

Camponotus compressus 
Camponotus sericeus, C. compressus 
Camponotus compressus 
Crematogaster sp. 

Oecophylla smaragdina. 
Camponotus compressus 
Paratrechina longicornis 
Camponotus compressus. Myrmecaria brunnea. 
Crematoga~ter sp. and Meranoplus bicolor. 
Crematogaster sp. 
Anoplolepis longipes, Camponotus compr.essus 
Camponotus compressus 
Camponotus compressus 
Camponotus compressus 
Camponotus compressus 
Camponotus compressus, Crematogaster sp. 

Paratrechina longicornis 
Paratrechina longicornis 
Solenopsis geminata var. rufa. 
Camponotus compreSSUl), C. sericeus 
Campo notus compressus 
Camponotus compressus 

Camponotus compressus 
Camponotus compressus 
Anoplolepis longipes 

Crematogaster sp. 
Anoplolepis longipes, Crematogaster sp. 

Crematogaster sp. 
Crematogaster sp. 
Camponotus sp. 
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The commonest species of ant that is found attending on the majority 
of membracids in this locality is undoubtedly Camponotus compressus, 
a large black species found throughout India. However, the allied 
species, Camponotus sericeus, is somewhat rare and found attending regular
lyon Oxyrhachis rufescens during the rainy months of September 
to November, and sporadically on Tricentrus pilosus. Other species 
of ants recorded from this locality are as follows: Crematogaster sp. a small 
shining black ant resting in tree trunks and attending regularly on Coccos
terphus tuberculatus, Coccosterphus paludatus and often on other species as 
well; this ant has the peculiar ha bi t of turning up its abdomen when 
excited; OecoPkylia smaragdina, the red tree ant, attends on Oxyrhachis 
krusadiensis, while Anoplolepis longipes, a smaller reddish species visits 
Leptocentrus bauhiniae and Gargara rustica, both these species of ants being 
noted for their virulent nature. Myrmicaria brunnea and Meranoplus 
bicolor characterised by backwardly directed pro thoracic spines are 
found associated with Leptocentrus rhizophagus. Solenopsis geminata var. 
rufa, a small brown-ant nesting on the ground near trees attends on 
Tricentrus albomaculatus J' Paratrachina longicornis, a very small species 
attends in large numbers on Leptocentrus leucaspis and Otinotus indicatus 
(vide Table 7). 

Funkhouser (191 7, 1951), in his admirable account on this subject, 
has mentioned that one of the unsolved problems in connection with 
the mutual relationship between ants and membracids is that while 
some species are~attended by ants, others are found unattended although 
there are apparently no morphological or anatomical differences to cause 
the distinction. He further states that-nymphs of the species unattended 
by ants show the same extended anal tube as do the nymphs of those 
that secrete the fluid. Observations made in the course of the present 
studies have clearly revealed that species without eversible anal tubes 
never secrete the honey dew to the extent of attracting ants. For 
instance, Coccosterphus minutus, a species collected from different localities 
in South India, is not attended by ants in any of the localities; hundreds 
of nymphs of this species which have been examined in their natural 
habitat, on plants kept indoors, and specimens mounted on Balsam, 
have not been found to have eversible anal tubes; on the other hand, 
the two other species-C. t1!-berculatus and C. paludatus-whose nymphs 
have eversible anal tubes are invariably attended by ants of the genus 
Crematogaster. Thus, ther~ appears a definite relation between the 
possession of an eversible anal tube and attendance by ants. 

Another factor deciding the association of ants ,\lith membracids is 
the altitude at which the membracid is situated. For instance, in the 
present studies, Telingana nigroalata recorded -from Kodaikanal Hills 
at an elevation of 5000' is unattended by ants though this species occurs 
in numbers sufficiently large to be attracted by ants. The same species 
collected from plains has been found to be associated with Camponotus sp. 
This difference appears to be evidently due to scarcity of ants in Hill 
Station~. 

As a rule, each species of membracid in a particular locality is atten
ded by the same species of ants throughout the year. Exceptionally, 
the attendance of ants appears to be seasonal. For instance, Camponotus 
compressus attends on Oxyrhachis rufescens for the major part of the year, 
but during the rainy season the species is attended by C. sericeus. In the 
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same Dlanner, Leptocentrus hauhiniae is attended by C. eompressus through
out the year while Anoplolepis longipes attends on the same membracid 
during the rainy' months. of September to December. The most note
worthy example, however, is Leptoeentrus rhizophagus found on prop 
roots of Fieus hengalensis which has been observed to be attended by as 
many as four species of ants-Camponotus eompressus, Myrmiearia hrunnea, 
Crematogaster sp. and J\,Jeranoplus hieolor-in the months of August, 
September and October; during the other months this membracid is 
attended by two species of ants, C. eompressus and Crematogaster sp. 

It is also noteworthy that a particular species of ant attending on 
a particular membracid species in one locality is not very often associa
ted with the same species of membracid in other localities. In the 
present studies, Leptocentrus taurus has been found to be attended by 
C. compressus throughout S. India, while the same species is reported 
by Misra (1923) to be attended by Oeeophylla smaragdina in North India. 
This difference could be attributed only to chance proximity as stated 
by Capener (1962) and Haviland (1925). 

In all t4e instances noted here, the ants caress the nymphs as well 
as the adults for the honey dew; however, in Trieentrus pilosus only the 
nymphs are attended. Further, the behaviour of the ant towards the 
membracid is not uniform in all the cases studied, the pattern being 
more or less definite for each of the attending species of ant. Some 
species of ants care only for the honey dew while others extend their 
solicitude to a greater degree. For instance, Camponotus eompressus 
merely derives honey-dew from Oxyrhachis rujescens while C. sericeus, 
a seasonal attendant on the same species has been observed to drive the 
nymphs along the host plant in such a way as to harbour each nymph 
in a leaf axil. The ants also drive the sluggish adults of O. rufescens 
from one branch to another by nibbling their tegmina, preventing the 
deposition of eggs in t~e same localised spot of the host plant. They 
also consume the moulted skin of their "cattle" The behaviour of 
Camponotus compressus towards Oxyrhaehis rufeseens whcih has been observed 
cerefully is as follows: The worker ant applies its mouth close to the 
anal orifice of the larva whereupon the anal tube fringed with circlets 
of sensory hairs is moderately everted with a drop of liquid at the tip. 
If, however, the nymph does not emit the honey-dew the ant strokes 
it with its antennae at the anal tube. When the liquid exudes, the ant 
presses its jaws jnto the drop, grips it and mOVes away_ If the nyrriph 
fails to respond to the coaxing of the ant, it bites at the sensory hairs 
of the anal tube and sometimes even thrusts its jaws into the anal tube. 
but does no injury otherwise. In indoor experiments where nymphs 
have been reared on their host plants, the ants exhibit the same pattern 
of behaviour but the dying or dead nymphs are most oft~n consumed 
by the ants. The behaviour of the ant to the intruder is noteworthy. 
When the twig containing a membracid colony is touched, the smaller 
worker minors drop down to the ground probably to warn the soldiers 
of the approach of any enemy. But the bigger worker minors and 
soldiers present on the twig keep moving excitedly round their "cattle" 
If the nymphs are touched with a needle, the nearer soldier or worker 
darts forward, catches the needle with its powerful mandibles and bites 
it viciously; other ants in the neighbourhood follow to help it and try 
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to reach parts of the body of the intruder. They fight tenaciously, 
unless one shakes them off with a jerk of the needle. 

The b~haviour of Oecophylla smaragdina attending on Oxyrhachis krusa
diensis is of interest. The worker ants enclose and shelter the mem
bracid nymphs of all stages in cobwebby nests constructed by folding 
the edges of leaves and webbing them together by salivary threads 
secreted by the ant larvae which are held by the workers between their 
mandibles and carried to the site of nest construction. When the 
nymphs become ~dults, the ants lets them out of the nest so that adults 
of this membracid species have not been encountered within the nests. 
The worker ants also keep a fierce watch over th~.-ir "cattle".-At the 
slightest disturbance, large numbers of workers drop down to the ground 
excitedly and climb the body of the intruder. In the meanwhile the 
nest is surrounded by many workers ready to attack the intruder and 
al~o to repair the nest should it be damaged. The bite of this ant is 
most virulent and painful. 

In many instances, close observations have revealed dense aggre
gations of ants at the c.ephalic end of the membracids the significance 
of which remains obscure. Often, groups of ants have been noticed 
to collect at SPOt8 pre\iollsly occ'upied by membracid larvae appearing 
as if feeling on the congealed coagula ted anal secretion left by the latter. 

The advantages derived by the membracids from the symbiotic 
relationship .. with ants in nature are obvious. The ants keep away many 
of the predators such as spiders, lady bird beetles, riduviid bugs, etc. 
Further, according to Hood (1952) the expulsion of the anal secretion 
through the caressing of ants enables the membracids to reduce the 
pressure with which the plant sap enters the gut. In the absence of 
ants, the nymphs have to eliminate the honey dew by forcible extrusion. 
This theory has its own value considering the enormous quantity cf 
the anal secretion expelled by many membracid nymphs and their 
constan t association with ants. 

Rice (1893) is of the opinion that disturbance by ants delays 
metamorphosis in Entylia sinuata, while Branch (1913) dealing with the 
biology of the same species states that in the absence of ants the nymphs 
fail to moult successfully and die before maturity. The results of rearing 
experiments conducted in the course of the present studies on local 
species never support the views of Branch and Rice since nymphs Qf 
all species that are normally attended by ants in their natural habitat 
successfully moulted and metamorphosed into adults irrespective of 
the presence or absence of ants. Likewise, the feedin·g habits of the 
membracids are in no way affected in spite of large numbers of ants 
swarming over them. The egg-laying process, however, is' reported 
by Mishra (1923) to be affected. Dealing with the relation. of Oxyrha
chis tarandus and Camponotus compressus he states: "The ants, at times, 
are so persistent in their demands for honey dew, that the egg-laying 
females-have been observed to postpone egg-laying to attend to their 
demand for the supply of the viscid fluid" Present observations on 
the same species never support this view since the membracids are'appa
rently oblivious of the presence of ants and carryon their functions 
with equal serenity whether ants are present or not. 
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No reference has so far been made in Ii tera ture a bou t the association 
«;>f membracids with insects other than ants except for Muller (1873, 
1874) and Anonymous (1874) and also the interesting account given 
by Hood (1952) on the relationship of two species of bees-Trigona 
hyalinata var. branneri Ckll. and T pallida Latr.-with the membracid 
Aconophora sp. at Brazil. The notable feature in this case is that the 
same membracid colony is stated to be attended by the bees and ants. 
While the bees are diurnal attendants, the ants, a subspecies of Campo no
tus (Myrmoturba) substitutus Emery, is stated to be exclusively a nocturnal 
visitor. Further, each bee is stated to have "its own limited territory 
of exploitation, for if all the bees are removed from a group of nymphs 
in the morning, no other bees will take their places during the day" 
In the course of the present studies, where dense aggregations of Oxyrha
chis tarandus and o. rufescens occur) a dipteran fly of the family Locheidae, 
identified as Silba sp. has been observed as a sporadic visitor. Usually 
the fly frequents the spots of twigs on the host plant previously occupied 
by membracid population and appears to dissolve and consume the 
congealed mass of expelled anal fluid left behind by the nymphs. At 
times, however, it frequents the nymphs when the latter are found un
attended for a while by the ants; the fly caresses the nymphs, licks up 
the honey-drop and quickly moves away. This fly, which is an exclu
sive diurnal visitor, .appears to be active at first but becomes rather 
sedate probably under the influence of the honey dew. 

Although the camponotine ants guard the membracid nymphs keep
ing away the intruders from the territory of their exploitation, a beetle 
of the family Anthicidae identified as Formicomus nr. semiopacus which 
mimics the ants in form and action has been noticed to contact nymphs 
of heptocentrus taurus on Ipomaea biloba. This bettle mingles freely among 
the ants. Its behaviour towards the membracid nymphs in the act of 
caressing for getting the honey dew is identical to that of ants, and it 
appears to derive most of its food in this manner. Usually four or five 
,beetles are crowded round each nymph. When disturbed, the beetle 
very often falls down suddenly just like ants do. sometimes, the beetle 
feigns death on falling to the ground, or sticks on to the host plant of 
the membracid, hiding itself and remaining quiet. When one attempts 
to catch the beetle from its hiding place, it runs with great agility. 

(h) Protective, coloration and mimicry.-The characteristic colour 
patterns of the nymphs-brown, green and grey-blend very perfectly 
with those of the leaves and bark of the host plants affording them excel
lent protection. For instance, the nymphs of Coccosterphus minutus which 
occupy the terminal parts of the tender twigs of Prosopis spicigera close1y 
resemble the tiny unfolding leaves. The extraordinarily long pronotal 
anterior process of the fifth instar nymph of Leptocentrus varicornis striking
ly stimulates the shape and colour of the stipular spines of its host plant, 
ZiZ)'jJhus jujuba. Nymphs of Tricentrus pilosus, T cnngestus, Otinotus onera
tus and O. ohliqUds with their extreme dorso-ventrally flattened bodies 
remain closely adpressed to their host plants and escape the atte'1.tion 
of even the most careful observer. In some <;:ases the dorsal protuber
ances closely resemble the irregular surface of bark both in colour and 
texture. 

While the nymphs of ~ll species are cryptically coloured, the adults 
of most of the local species such as Otinotus, Lep~ocentrus and Oxyrhachis 

40 
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with their characteristic pronotal processes, are most conspicuous on 
their host plants. However, Coccosterphus tuberculatus with its black or 
rusty brown colour, and oval shape resembles most effectively the small 
undeveloped dry fruits of its host plant, Morinda tinctoria. The light 
brown cQlour of C. paludatus matches so perfectly with the colour of the 
prop roots of FicUJ bengalensis and the twig of Lawsonia alba as to make it 
inconspicuous. 

(i) Ecological factors.-Physical factors of the environment such as 
temperature and moisture have been found to have a decided effect on 
the embryonic development and duration of nymphal stages in the 
various specie'S of membracids. These factors also play an important 
role in the population density of the species. Though all the local 
species appear to be influenced by the environmental factors, detailed 
observations in laboratory and field records were made only on Otinotus 
oneratus since this species, besides being gregarious, is available through .. 
out the year on several host plants and it can also be reared with the 
least difficulty; the eggs of this species are only partially embedded in the 
bark so that actual counting and exact time~ of hatching could be made. 
The observations were made for 12 months commencing from April, 
1964, and the results with regards to variations in the "durations of egg .. 
stage and nymphal period are tabulated (Table 8). 

TABLE 8 

Duration of egg stage and nymphal stage of Otinotus oneratus 
recorded during the year 1964·'65. 

Nym- Total No. 
Months Max. Rainfall R.H. Egg stage phal of days Average 

temp. C. inmm. % in days stage for life- in days 
cycle 

April 35.9 62 10-12 30~34 40-46 43 

May 39.1 1.6 58 10-14 28-32 38--46 42 

June 36.9 27.3 59 9-14 24-30 33-44 381 

July 34.3 104.6 71 9-12 22-27 31-39 35 

August 33.2 193.2 76 8-10 22-26 30-36 33 

Sept. 32.1 130.9 77 8-10 22-26 30-36 33 

Oct. 32.7 144.0 78 7-9 24-28 31-37 34-

Nov. 28.7 735.0 86 12-15 29-36 41-51 46 

Dec. 28.3 24.8 78 12-15 28-33 40-48 44 

Jan. 28.7 0.9 74- 10-12 28-34- 38-46 42 

Feb. 30.1 9.2 79 7-9 22-26 29-35 32 

March 31.8 75 7-9 23-29 30-38 34 

It would appear from the table that the months of November, 
December and January are marked by lower temperatures, while April, 
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May and June are characterised by high temperatures, lower relative 
humidity and almost complete lack of moisture. On the other hand, 
the months of February, March, August, September and October are 
noted for moderate temperature and moistur~ due to occasional rainfalls 
as well as high relative humidity. Under these ideal conditions the 
duration of egg-stage was found to range from 7 to 10 days; the duration 
of nymphal period, likewise, was found to be shorter, ranging from 32-34 
days. 

The upper limits of 15 days and 36 days respectively for the egg
stage and the. nymphal stage noted against the month of November 
are obviously due to the combined effect of low temperature and exces
sive rainfall soaking the eggs and bringing about delayed hatching; 
however, under such conditions egg mortality is insignificant since the 
eggs are laid high up from ground level and this situation precludes 
the possibility of the eggs being damaged. 

Egg masses kept in test tubes free from moisture never hatch out 
within the normal time; such eggs when supplied with a little amount 
of moisture by keeping them on a wet blotting paper, hatch overnight. 
While this shows that moisture is absolutely essential, presence of too 
much of water is detrimental. Nymphal development also requires 
moisture; nymphs reared in the laboratory by keeping them on twigs 
of host plants dipped in water, congregate towards the bases of twigs. 
An optimum moisture is indispensable for normal moulting, especially 
for the last nymphal instar which, when kept on drying twigs take a 
longer time for moulting; often, the adults emerging from such nymphs 
present irregularities such as abnormal asymmetrical horns and iID;paired 
crippled wings. -" 

Humidity also appears to have some influence on hatching and 
nymphal development. As indicated in the Table, the months of April 
to June are characterised by low relative humidity besides lack of mois
ture, and these conditions not on~y delay hatching to a considerrble 
extent, but also retard nymphal development. It may be infear~d 
that the factors entering into the life history of Oti1lotUS oneratus are rather 
complex; two or more factors combine to alter the rate of metabolism 
which, in turn, accelerates or retards either the embryonic or the nym
phal development or both. 

(j) Natural Enemies.-Incidence of parasitism in membracids has 
been reported by many workers though very few atte~pts have hitherto 
been made to make a detailed study. Funkhouser (1951) has stated 
"A detailed study of egg parasitism by chalcids has been made by the 
writer for an African species, and which is to appear as a sepa
rate report. "However, the report referred to neVer appears 
to have been published anywhere! As ear~y as 1886, Jack noted egg 
parasitism in Ceresa bubalus. Ashmead ( 1888) found TrichogratTfma 
seresarum attacking the eggs of Ceresa bubalus. Funkhouser (1915) was 
able to rear the same species from Vaniluzea arquata. Regarding my
marid parasites, Haviland (1925) made mention of an unidentified 
species and the mode of parasitization. Hodgkiss (1910) reported 
Polynema striaticorne from Ceresa bubalus but it was Balduf (1928) who 
worked out in detail the life history of this parasite. Yothers (1934) 
made a passing"reference to the eulophid parasite, Tetrastichus sp. attack-
jng the eggs of Stictocephala inermis! . 
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References to the hymenopterous and dipteran parasites attacking 
the nymphs of membracids have been made by Matausch (1911) ~nd 
Funkhouser (1951) though the larvae could not be reared to maturIty. 
Nevertheless~ it was stated by Matausch (1911) that the parasitic larvae 
caused castration on the host. Kornhauser (1917, 1919) was successful 
in rearing to maturity Aphelopus theliae, a dryinid nymphal parasite of 
Thelia himaculata and discussed at length the effects of parasitism on the 
host. This was followed by contributions from Meisenheimer (1930) 
on the same topic. More recently, Capener (1962) has brought to light 
the occurrence of a hymenopterous genus, Prionomastix on the nymph 
of Oxyrhachis latipes, and a dipteron, Dorilas sp. parasitising the nymphs 
of an Oxyrhachis sp. 

Membracids have 'been found to be prone to stylopisation in their 
adult stage and studies in this direction have been made by Subrama
niam (1927, 1932) on Indoxenos membraciphagum), and Panda and Behura 
(1956) on Indoxenos sp. parasitising Otinotus oneratus in India. Jordan 
(1953) reported a strepsipteran 'parasite on Stictocephala inermis while 
Capener (1962), recording the incidence of stylopisation in Oxyrhachis 
imperialis, states that the stylopised adults, as far as could be judged, 
suffered only inconvenience. 

Besides entomophagous parasites, seV'eral predators of membracids 
are on record. Observations made in this direction by Wildermuth 
(1915), Funkhouser (1917), Beal (1918), Mc Atee (1918, 1932), Knowl
ton and Harmston (1941, 1946) and Aldous (1942) indicate that insecti
Vorous birds occasionally prey upon membracids Aas a regular routine 
or accidentally, the nymphs being preferred to the adults. Apart from 
birds, other predators such as spiders, asilids and mantids have been 
stated to catch membracid nymphs occasionally (Bromley, 1914), 
Funkhouser (1 ~51) . Acarines were reported to feed on membracid 
eggs (Wildermuth, 1915, Funkhouser, 1917, Yothers, 1934). Reinhard 
(1925) observed the wasp Hoplisus costalis hunting after tree hoppers. 
Capener (1912) states that nymphs and adults form the prey of a wasp 
of the genus Gorytes. ' 

In the course of the present studies, the eggs of several specie,S of 
me~~racids were found parasitised by 10 species of hymenopterous 
paraSI tes as recorded below. These are of interest as they are recorded 
for the first time as parasitic on the respective species of membracids. 

*PARASITE SPECIES 

Gonatocerus sp. 
Gonatocerus narayani (Subba Rao & Kaur) 
Lymnaenon sp. 
Aphelinoidea sp. 
Uftns sp. 
TUlnidiclava sp. 
Centrodora sp. 
Aphytis sp. 

,Azotus sp. 
Chartocerus sp. 

FAMILY 

Mymaridae 

" Trichogrammatidae 

" " . 
Eulophidac 

" 
" Thysanidae 

*Dr. B. D. Burks who examined and determined the parasites states that the speci .. 
Jll.ens not named to species are probably ~ndescr~bec\. 
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A notable feature in many of these parasites is the lack of absolute 
host specificity; for instance, the eggs of Oxyrhachis rufescens are parasi
tised by three different species namely, Gonatocerus sp., Aphelinoidea sp. 
and Centrodora sp., all of which are also capable of attacking the eggs 
of Otinotus oneratus. The incidence of parasitism on the various species 
of membracids studied here is given in Table 9. 

The bionomics of these parasites have been studied along with 
brief descriptions of their immature stages adopting the methods men
tioned earlier, and the degree of infestation by Gonatocerus sp., Aphelinoi
dea sp. and Centrodora sp. on the eggs of Oxyrh6chis rufescens and Otinotus 
oneratus was analysed. 

Gonatocerus sp. 

(Text-fig. 1) 

Egg, 0.240 mm. long, stalked; stalk 0.056 mm. long, nearly one
third the length of main body; main body 0.179 mm. long, elongat~ 
oval with a delicate flexure towards the middle; chorion smooth, lacking 
sculpture. Duration of egg stage is about one day. First ins tar, just 
slightly larger than egg, 0.35 mm. long, mymariform, but devoid of 
setae, body elongate, spindle-sl).aped; head followed by ten segments; 
caudal end attenuated, drawn out into a tapering structure; integu..: 
ment thin and translucent recalling the condition of I~mnaenon ejjitsi 
d~scribed by Bakkendorf (1934); mandibles prominent, feebly chitinised, 
movable, capable of closing upon one another; tail about one-third 
of body length; duration about two days. Second instar, 0.8 mm. long, 
tail almost disappeared; segmentation indistinct; cephalic end broader 
with a pair of conical processes, caudal end smoothly rounded; duration 
about a day. Third instar, 0.95 mm. long, sacciform, filling snugly 
the entire cavity of host egg; mandibles chitinised and projecting out;, 
immobile; duration 2-21 days. Pupa, 0.95 mm. long, exarate, colour 
at first light yellow, gradually turning to black; duration 7-10 days. 

The parasitised membracid eggs are readily recognisable by the. 
colour changes they show, associated with the developmell::tal phases 
of the immature stages; such eggs first become yellow; then the chorion 
shows white and. black h,ues; subsequently the black colour becomes' 
more pronounced ,as the pupal stage is reached. It may' be mentioned 
here that eggs of Ceresa huhalus parasi tised by Polynema striaticorne are 
stated to exhibit a similar colour change (Balduf, 1928) due to the depo
sition of a black pigment in the vitelline membrane of the host egg. 

Adults exhibit sexual dimorphism, the males being about two-thirds 
as long as the females; male antenna I3-segmented, longer than body, 
all antenna I segments equal in length; female antenna II-segmented, 
shorter, segments 3-6 very short, terminal segment longest and club
shaped; specimens reared from Oxyrhachis rufiscens and Otinotus oneratus 
at Madras have antennal segments 3-6 very much compressed, broader 
than long and similar to each other, segments 7-10 inden tical; all seg
ments uniformly light brown. Specimens reared from Oxyrhachis 
krusadiensis have a different an tennal structure in female, the 3rd and 
4th segments smallest and similar? 5th se~ment much longer than Srd 
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and equal to 2nd and 7th; 6th segment slightly longer than 4th; 8th 
segment longer than 6th but shorter than 7th and 9th; coloration of 1st 
and 2nd antennal segments yellowish, rest dark brown. Dr. B. R. 
Subba Rao who examined these two types of specimens is of the opinion 
that they would prove to be distinct species. 

5 

Text-fig. 1. Gonatocerur ~p. 

I. Egg. 2. First instar larva. 3. Second instar dorsal view. Sa. Second instal" 
view. 4-. ~1~tu,.re larva. 5. Pupa. 6 f Ad~lt ~l~. 7. ~dult female. 



TABLE 9 > 
Incidence of parasitism in the South Indian Membratidae. 

~ 
~ 

( 

~ Gonato- G. nara- Lymnae- Apheli- Ufens Tumidi- ·Centro- Aphytis Azotus Charto-
Name of membracid cerus sp. yanl non sp. noidea sp. sp. clava dora sp. sp. Ul cerus ; sp. sp. sp. 

~ 
Oxyrhachis tarandus +. + + i( 

O. rufescens + + + ~ o. krusadiensis + + + .... 
>-O. minusculus + + 2: 

O. uncatus + + + pP 

Leptocentrus taurus + + > 
L. leucaspis + + + + Z 
L. rhizophagus + ~ 
L. varicomis + t-i 

~ 
L. bauhiniae + ~ L. bajuIans + + 
L. nigra + a 
L. moringae + + = Z 

Telingana nigroalata + -l- ~ 
Otinotus oneratus + + + ~ 

~ 
Tricentrus pilosus + 

~ .. 
~ 

T. albonaaculatus + + ~ 
Gargara mix:ta + + ~ 
G. extrema + + + ~ 

~ 
G. rustic a + + + ~ 

~ .. 
~ 

Coccosterphus minutus + + ~ C. tu berculatus + 
C. paludatus + ~ ----- t..:J c.n 
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Gonatocerus narayani (Subba Rao & Kaur) 

(Text-fig. 2) 

Text .. fig.2. Gonatocerus narayani (Subba Rao and Kaur) 

N 

1. Egg. 2. First instar. 3. Second instar. 4. Third instar. 5. Adult 
female. 6. Adult male. 
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This species attacks several species of Leptocentrus, Tricentrus and 
Gargara. 

Egg similar to that of Gonatocerus sp. but smaller, 0.19 mm. long. 
First instar, 0.25 mm. long, intermediate between mymariform and 
sacciform types; body elongate, segmentation obtcure; tail short, cylin
drical; mandibles prominent, turned downwards and backwards. 
Secqnd ins tar, 0.35 mm. long; body elongate-oblong, caudal end short, 
broadly rounded; mandibles mobile. Third instar, 0.50 mm. long, 
robust, sac-like, slightly arched, mandibles short, conically pointed, 
rigid. ·Pupa, similar to that of Gonatocerus sp. Adults sexually dimor
phic; male about two-thirds as long as female with 13-segment~d anten
nae; female wi,th antennal segments 3-6Iongel' than wide, 7-10 identical. 

Lymnaenon sp. 

(Text-fig. 3) 

A very small mymarid parasitising Gargara mixta and G. rustica. Egg, 
0.18 mm. long, stalked, stalk slender, straight, 0.08 mm. long, body 
of egg elongate-oval, slightly longer than stalk, translucent. First instar, 
0.2 mm. long; modified from typical mymariform larva, body devoid 
of bristles; head with a pair of blunt lobes and sharp mandibles; anterior 
one-third of body broader with faint indications of segmentation; poste
rior two-thirds gradually tapering to tail which is more than one-fourth 
the body length. Second instar'- '0.45 mm. long, typically sacciforln. 
Pupa, 0.7 mm. long, similar to that of Gonatocerus sp. 

Adults sexually dimorphic, fe~ale with posterior end of abdomen 
tapering, ovipositor half as long as abdomen, antennae 9-segmented, 
shorter than body; in the male, abdomen shaded with black, posterior 
end broadly rounded, antennae I3-segmented, about o'ne and three
fourth times longer than body. 

Aphelinoidea sp. 

(Text-fig. 4, I-VIII) 

This trichogrammatid parasite is recorded for the first time as 
parasitising membracid eggs capable of developing in the eggs of many 
specie-s of Oxyrhachis, all the local species of Coccosterphus and in the eggs 
of Otinotus oneratus. 

Egg, 0.19 mm. long, maximum width 0.05 mm., stalked, stalk 
about one-fourth as long as main body, 0.05 mm. long; main body of 
egg elliptical; chorion smooth. First ins tar , 0.29 mm. long, sacciform; 
mandibles prominent, unchitinised, directed upwards; a pair of small 
fleshy lobes visible at the base of ma:t;ldibles. Second instar, 0.40 mm. 
long, similar to preceding stage, Mature larva, 0.95 mm. long, robust, 
segmented; head distinct, mandibles turned upwards. Prepupa, 
0.95 mm. long, body irregular, anterior region more or less segmented; 

41 
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3 

4 

6 5 

Text-fig. 3. Lymnaenon sp. 

1. Egg. 2. First instar. 3. Second instar. 4. Pupa, ventral view. 5. 
Adult female. 6. Adult male. 

mandibles apparently absent. Pupa, 0.80 mm. long, exarate, at first 
translucent, subsequently turning to black. 

Adults small, measuring 0.85-1.2 mm. long; . female with a~tennae 
less hairy; male with highly hairy antennae. 
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Ufens Spa 

(Text-fig. 4, 1-7) 

Text-fig. 4. 1-7: Life cycle of Ufons SPa 
1. Eggs. 2. First instar. 3. Second instar. 4. Third instar. 5. Pupa. 6. Adult 

male. 7. Adult female. 
I-VIII: Life cycle of Aphelinoidea sp .. 

I. Egg. II. First instar larva. III. Second instar. IV. Third instar. V. Pre
pupa. VI. Pupa. VII. Adult female. VIII. Adult male, 
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Although record~d as an egg parasite of Cicadellid eggs (Cla~s~n, 
1940) this trichogrammatid has not hitherto been known to parasItIze 
membracid eggs. The eggs of various species of Leptocentrus are a ttack~d 
by this species. 

Egg, 0.27 mm. long, stalked, stalk 0.180 mm. long, slender, flexible. 
gradually tapering; body of egg 0.084 mm. long, 0.046 mm. wide, 
broadest at middle and produced into a conical papilla-like outgrowth 
at the opercular end. First instar, 0.45 mm. long, elongate, unseg
mented, caudal end produced as a small tail; mandibles small, more 
or less chitinised and mobile. Second instar, tvvice as long as first instar 
(0.85 mm.), distinctly 13-segmented, mandibles reduced, caudal process 
absent. Third instar, 1.0 mm. long, segments appearing rather com
pressed ,vith uneven margins, mandibles inconspicuous; larva motion
less, filling the lumen of host egg. Pupa, 1.2 mm. long, similar to that 
of Aphelinoidea sp. 

Adults exhibit sexual rlimorphism as in Aphelinoidea sp. 

Tumidiclava sp. 

This trichogrammatid \vhich is smaller than Ufens sp. has b~en 
recorded only from the eggs of Leptocentrus bauhiniae. 

Egg, 0.18 mm. long, stalked, stalk about one-fourth the main body 
of egg and very rigid; main body of egg elongate oval with sides parallel. 
First instal', 0.25 mm. long, sacciform, pale \vhite, caudal process ab~ent; 
mandibles distinct and movable. Second instal', 0.38 mm. long, rubust, 
faintly segmented, with undulate margins, mandibles v~ry ~hort. Pupa 
0.8 mm. long, similar to that of Vfens sp. 

Adults, 0.9-1.1 mm. l~ng; similar to Vfens sp. but forewings shaded 
with black. 

Centrodora sp. 

(Text-fig. 5) 

Altho\lgh not recorded so far as parasitizing membracid eggs, 
species of Centrodora have been kno\vn to attack other groups of insects. 
Centrodora speciosissima (Girault) is recorded as parasitic on the cecido
myiids; C. xiphidii Perk. parasitises the eggs of a locustid, Xiphidium vari
penne S\vezy while C. cicadae Silv. develops in the eggs of Cicada plebeja 
Scop. (Clausen, 1940). 

Egg, 0.20 mm. long, stalked, nlain body of egg elongate oval, 
0.15 mm. long, stalk robust, 0.05 mm. long; chorion lacking sculpturing. 
Dissection of ovary revealed only two mature eggs in each ovary in 
almost all specimens; in one specimen, an exceptionally large egg 
was noticed. First instar, 0.25 mm. long, caudate; body distinctly 
segmented, tail about one-fourth as long as body; mandibles short and 
turned to each other. Second instal', 0.5 mm. long; tail reduced, larva 
tending to\vards hymenopteriform; posterior end broadly rounded; 
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mandibles strongly chitinised and protruding out. Third instar, 
0.75 mm .. long, segmentation almost obliterated, larva tending towards 
sacciform; mandibles extraordinarily prominent. Pupa, 0.8 mm. long; 
flattened dorsoventrally; jet black in colour. 

1 

Text-fig, 5. Centrodora sp. 
1. Ovarian egg. la. Egg during incubation. lb. Abnormal egg. 2.' First 

instar. 3. Second instar. 4. Mature larva. 5. Pupa, ventral view. 6. Adult male. 
7. Adult female. 
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Adult, female 1.2-1.3 mm. long, ovipositor extending a little beyond 
abdomen; male 1.0-1.1 mm. long. 

1 

3 

+ 

Aphytis sp. 
(Text .. fig. 6) 

Text .. fig. 6. Aphytis sp. 

2 

1. Ovarian egg. la. Egg during incubation. 2. First instar. 3. Second instar. 
4. Pupa. 5. Adult female. 6. Adult male. 
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This eulophid i~ found to parasitize Leptocentrus lcucaspis and L. baJu
lans. 

Egg! 0.14 m~. long; segm.entation almost obscure, body slightly 
arched In the mIddle, caudal process absent; mandibles recurved. 
Second instar, 0.75 mm. long; nearly similz.r to that of Centrodora sp. 
Pupa, 0.9 mm. long, dark brown, similar to that of Centrodora sp. 

Adults, exhibiting sexual dimorphism in the antennal structure 
and abdominal terminalia. 

Azotus sp. 

This eulophid species is of special interest since it. develops as a 
primary egg parasite of Leptocentrus rhizophagus, L. nigra and L. m~ringae 
and as a hyperparasite of Ufens sp. The egg and immature stages of Azo .. 
tus sp. are similar to those of Aphytis sp. The pupal period, however, 
is comparatively shorter. 

Chartocerus sp. 

(Text-fig. 7) 

This thysanid parasite is rather rare in its incidence as an egg para
site and recorded from two species of Gargara-G. extrema and G. rustica
and Coccosterphus tuberculatus. 

Egg, 0.19 mm. long, stalked, elongate-oval, slightly arched, lacking 
sculpture; stalk short and rigid, 0.05 mm. long. First instar, 0.22 mm. 
long, elongate, without any traces of segmentation, mandibles pointed; 
second instar similar to preceding stage, sacciform, mandibles more 
prominent. Pupa as in Centrodora sp. 

Adults are very small, 0.75··1.0 mm. long, black, shining, both the 
sexes somewhat similar in size. 

Degree of infestation: 

Twigs containing large numbers of egg masses of Oxyrhachis rufcscens 
and Otinotus oneratus on the host plant, Prosopis spicigera, located within 
the College campus were cut and each twig kept in test tubes loosely 
plugged with cotton. Since the eggs of these two m~mbracid species 
are only partially embedded in the bark projecting out for th~ most 
part, it was possible to count the number of eggs in each mass. On 
the emergence of Gonatocerus sp., Aphelinoidea sp. and Centrodora sp. from 
their hosts, the number of each species was counted, From these data 
the percentage of parasi tiza tion by each species during the differen t 
months was calculated for the two host species. The nature of emer
gence holes is distinct in these 3 species of parasites (large rounded hole 
near the exposed end of host egg in Gonatocerus sp., small rounded hole 
either at the pole or at the side of host egg in Aphelinoidea sp., irregular 
kole at the exposed end of host egg in Centrodora sp.) making it . possible 
to presume the species of parasite that might have emerged even if 
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some egg masses contained such emergence holes at the time of their 
collection. 

I 

2 

4 

Text-fig, 7. Chartocerus Spa 
1. Egg. 2. First instar. 3. Pupa. 4. Adult male. 5. Adult female. 

The twigs contaInIng egg masses were kept moist so that young 
ones could emerge from unparasitized eggs. The numbers and per
centage of eggs parasitized, number of young ones emerged and number 
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TABLE 10 

Duration of life-cycle and sex-ratio of the parasites. 

Total number of days for 
Larval Pupal completing life-cycle Sex-

Parasite period period ratio 
Min. No. Max No. Average Female: 
of days of days No. of days Male 

Gonatocerus sp. 3-4 7-10 12 15 13 5:2 

G. narayani 4-5 8-13 15 21 18 3:1 

Lymnaenon sp. 2-:3 7-9 11 13 12 3 :1 

Aphelinoidea sp. 2-3 11-16 15 20 18 3: 1 

Ufens sp. 3-4 10-25 15 30 25 2 :1 

Tumidiclava sp. 2-3 6-10 10 14 12 5:2 

Centrodora sp. 4-5 11-19 17 25 21 3: 1 

Aphytis sp. 4-5 14-19 20 25 ·22 3:2 

Azotus sp. 3-5 6-9 12 15 14 3:2 

Chartocerus sp. 5-7 14-18 22 26 24 1:1 

and percentage of egg mortality due to factors other than parasitism 
are tabulated (Tables 11 & 12). 

Incidence of stylopisa tion appears to be extremely rare as far as 
the present observations on South Indian membracids have revealed. 
Only one species, Leptocentrus taurus, a very common polyphagous mem .. 
bracid was found to be parasitized by an unidentified strepsipteran. 
Each stylopised individual had one t9 three large, oval, nodular out .. 
growths invariably located at the sides of the abdomen. Since only 
very few individuals have so far been known to be parasitized, a detailed 
study was not possible. All the same the incidence is of interest in view 
of some stylopised membracids appearing normal, while others show 
abnormalities in the disposition of the pronotal processes (Text-fig. 8). 
Closer examination of the parasitized individuals revealed that those 
which suffer abnormal pronotal development present a somewhat shrun
ken ochraceous appearance without complete skin pigmentation. It 
is therefore inferred that attack by strepsiptearn parasites on the mem
bracids which have just emerged from the last nymphal skin when com
plete chitinisation is not effected, brings about structural deformities; 
adults in which the exoskeleton has become fully chitinised are not 
apparently affected. 

However, more work is needed to determine whether the traumatic 
variations mentioned above are either merely accidental and teratolog
cal in nature coincident with the strepsipteran attack, or really parasite
induced. 

42 
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TABLE 11 ~ 
0') 

Egg mortalif:y in Oxyrhachis rufescens. 

Max. Rainfall Total ,No. of eggs parasitized by Percenfage of eggs parasitized by Total 
Months Temp. inmm Humidity No. of No. of 

in °C % eggs Gonato- Apheli- Centro- Gonato- Apneli- Centro- parasi tized 
cerus sp. noidea sp. dora sp. cerus sp. noidea sp. dora sp. eggs 

1966 ~ 
~ 
~ 

Jan. 28.4 24.2 85 310 12 24 30 3.9 7.7 9.7 66 c 
~ 

Feb. 29.9 87 295 14 26 25 4.7 8.8 8.5 65 ~ 
March 34.1 75 400 19 28 51 4.75 7.0 12.7 98 

~ April 33.7 0.8 76 250 12 25 17 4.8 10.0 6.8 54 
May 37.9 81.7 64 240 10 18 31 4.16 7.5 12.9 59 ~ 

~ 

June 35.5 65.5 71 315 8 30 21 2.54 9.52 6.7 59 ~ 

July 34.3 102.7 73 390 13 25 62 3.3 6.4 16.0 100 ~ Aug. 33.8 190.2 79 268 9 7 43 3.6 2.6 16.0 59 c 
~ 

Sept. 31.8 223.6 81 301 1 I 24 26 3.65 8.0 8.6 61 ~ 
Oct. 30.6 230.3 82 330 15 28 18 4.54 8.5 5.45 61 -. ~ 

Nov. 30.0 556.3 85 275 12 8 20 4.36 2.9 7.27 40 ~ 
~ 

Dec. 28.3 112.6 81 370 16 22 36 4.32 6.0 9.73 74 
~ 
~ 

1967 <::! 

~ 
Jan. 28.7 4.3' 83 392 17 33 38 4.3 8.4 9.7 88 

~ Feb. 30.5 85 504 16 39 52 3.17 7.7 10.3 107 
March 31.5 20.3 79 390 18 41 32 4.6 10.5 8.2 91 ;;-. 
April 34.1 0.5 76 364 18 32 24 5.0 8.8 6.6 74 ~ 
May 36.0 92.7 69 394 16 32 6 4.0 8~0 1.6 54 ~ 

June 35.7 91.6 68 402 7 31 13 1.7": 7.7 3.2 51 
July 34.1 82.1 71 378 16 24 18 4.2 6.5 4.7 58 
Aug. 33.1 259.3 78 384 21 25 12 5.4 6.5 3.1 58 
Sept. 33.5 36.9 79 361 18 18 43 5.0 5.0 11.9 79 
Oct. 31.1 159.6 82 492 25 45 30 5.0 9.0 6.0 100 
Nov. 28.8 128.8 76 480 26 50 26 5.4 10.4 5.4 102 
Dec. 28.5 303.7 82 452 21 20 11 4.6 4.4 2.5 52 



TABLE 12 > 
~ 

Egg mortality in Otinous oneratus. Z 
..:J 

Total Total == > 
percentage N umbers of eggs parasitized by Percentage of eggs parasitized by Total percentage en c:: 

Months of egg mor- Total 'No. of mortality td 
tality due to No. of eggs Gona- Apheli- Centrodora Gonato- Apheli- Centrodora parasitized due to ~ 

> parasites tocerus noidea cerus noidea eggs parasites ~ 
> 

1966 z 
~ 

> 
Jan. 21.3 331 10 69 3.0 20.8 79 23.8 Z 
Feb. 22.0 291 16 12 43 5.5 4.1 14.4 71 24.0 ~ March 24.0 253 6 44 2.4 17.4 50 19.8 
April 21.6 315 7 23 30 2.2 7.3 9.5 60 19.0 > 
May 24.5 209 8 27 3.8 13.0 35 16.8 Z 

> June 18.9 322 21 38- 6.5 11.8 59 18.3 z 
July 23.0 265 20 12 7.5 4.5 32 12.0 ~ 

> Aug. 22.0 370 24 30 6.5 S.l 54 14.6 ~ 
Sept. 20.3 427 33 50 7.7 11.7 83 19.4 tid 

~ 

Oct. IS.5 297 S 12 50 2.7 4.0 16.8 70 23.5 C'I) = Nov. 14.2 224 21 40 9.4 17.S 61 27.2 z 
Dec. 20.0 246 26 45 10.6 IS.0 71 28.6 > z 
1967 

~ Jan. 22.2 270 17 13 37 6.3 5.0 13.7 67 25.0 ~ 
Feb. 2Ll 439 9 26 61 2.0 6.0 14.-0 96 22.0 -. ~ 

March 23.3 389 41 45 10.4 11.6 86 22.0 ;::s 

April 20.4 495 20 60 4.0 12.1 80 16.1 ~ May 13.6 316 7 15 29 2.2 4.7 9.2 51 16.1 
june 12.6 269 4 20 41 1.5 7.4 15.2 65 24.1 ~ 

~ 

July 15.4 300 18 21 6.0 7.0 39 13.0 ~ 
Aug. 15.0 410 20 27 4.8 9.0 47 13.8 <'\ -. 
Sept. 21.9 255 IS 33 7.0 13.0 51 20.0 f} 
Oct. 20.0 320 S 21 51 2.5 6.5 16.0 80 25.0 ::::: Nov. 21.2 324 14 33 50 4.3' 10.2 15.4 97 29.9 
Dec. 11.5 340 32 56 9.5 16.5 88 26.0 ~ 

~ 
-....J 
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Text-fig. 8. Stylopised Leptocentrus taurus, showing abnormal development of poste
rior process; abdomen bearing galls left by the strepsipteran parasites. 
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FIFTY YEARS' PROGRESS IN THE TAXONOl\IY 

OF COCCIDIA (PR01'OZOA: SPOROZOA) 

FROM INDIA 

By 

A. K. MANDAL 

Zoological Survey oj India, Calcutta. 

(With 1 Table) 

Coccidian parasites have attracted the attention of parasitologists 
since long, mainly because they produce a dreadful disease coccidiosis, 
which causes a heavy loss in the poultry, cattle, sheep and goats. In 
our country, research on coccidia ,-vas under way as early as the end 
of the last century, especially in the field of taxonomy, morphology and 
to some extent the life cycles. ~ 

During the fifty years existence of the Zoolog~cal Survey of India, it 
seems reasonable to assess the progress in the field of taxonomy of differ
ent groups of animal in India and the part played by this Institution. 
The presen t a ttempt is to review the results so far achieved in the field 
of taxonomy of Coccidian parasites in India, both frolll the invertebrate 
and vertebrate hosts. 

The order Coccidia has representatives in all the major la.nd realms 
of the world. Out of the total 38 genera, 'only 17 are represented in 
India, ·::Jf which 3 are indigenous to this region and a.re monotypic. 
These seventeen genera comprise nearly 200 species (Table 1) of \vhich 
160 were described as new froln India and the. r.est teported subsequently. 

A little work has been done 'on the parasites of invertebrates. Uptil 
now,- only seven species ha"ve been described. de Mello (1921) was the 
first to report a coccidian parasite Adelia pachelabrae from the snail, Pache
[(lbra moesta Reeve. Subsequently, Ray and Das Gupta (1937) and 
Narasimhamurti (J 960) described two more species of Adelia from 
centipedes. Setna and Bhatia (1934) reported Aggregata sp. from a 
pra\\tn. Bhatia (1937) recorded Adelitta tribolii from the beetle, Tribo
liumfirrugineum. Ganapati (1945, 1952) described two species of Al)rio
spora from Annelida. 

A considerable amount of work has been done on the parasites of 
vert~brate hosts. For convenience, it is given hereunder group-wis;;,. 

FISH 

Halawani (1930 a and b) described E'itneria southwelli from shark. 
Setna (1933j reported Coccidia from fishes. Setna and -Bana <)935a 
and b) observed E. harpodoni fron! Bombay-Duck. de Mello & 'Tales 



~ 

TABLE I-Showing the distribution of Coccidian parasites in different hosts from India. ~ 
f'I:) 

Invertebrata Vertebrata 
Name of the Genera 

Mollusca Myriapoda Insecta CrustaCea Annelida Fish Amphibia Reptiles Bird Mammals 

1. Aggregata 1 

2. Myriospora 2 

3. Lankesterella 2 r 
4. Tyzzeria 2 ~ c.., 

5 .. Caryospora 1 ~ 
~ 

6. Isospora 2 4 22 10 ~ 

~ 
7. Dorisiella 6 <::> 

~ 

~ 
8. Eimeria 3 15 30 61 ~ .. 

~ 
~ 

9. Wenyonella 5 1 ~ 
""t 

10. Octospoxella 1 ~ 

~ 

11. Pythonella 1 ~ 

12. Sivatoshella 1 ~ s-. 
~. 

13. Adelia 1 

14. Adelina I 1 

15. Haemogregarina 1 3 13 

16.- Hepatozoon 1 6 

17. Karyolysus 1 
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(1936) recorded Haemogregarina tJryrosoideae from a fr~shwater eel after 
examining the specimen from Nova Goa. Chakravarty and Kar (1944) 
described E. notopteri from Notopterus notopterus and Chakravarty and 
MandaI (1961) reported E. zygaenae from a hammer-headed shark. 

AMPHIBIA 

Patton (1906 and 1908) and Shortt (1917) described Haemogre
garines from the toads and frogs. Ray (1935) and Ray and Dasgupta 
(1935) observed two species of Coccidia from toad. Chakravarty and 
Kar (1952) recorded two more species from toads and frogs. Ray 
and Mitra (1942) reported Eimeria hiJrlalayanum from the Himalayan 
Toad. 

REPTILIA 

A few species of Coccidia are described by Simond (1901, a, h, c 
and d) from the gharials and crocodiles. Laveran (1902), Shortt (191 7), 
de Mello et al. (191 7), de Mello (1932) and de Mello and Me yrelIe s 
( 1937) described Coccidi~ from the blood of lizards and tortoises. 
Laveran (1905), Patton (1908) Setna and Bana (1935), Bhatia (1936, 38) 
Knowles and Dasgupta (1935 a & b), Mitra and Das Gupta -(1937), Das 
Gupta (1938), Chakravarty and Kar (1943, 48) described several species_ 
from reptiles. Ray and Das Gupta (1936, 37) de~cribed two species of 
Ei:;uria from snakes and a genus Pythonella from the python. In 1942 
Ray and RaghaV'achari described another genus Octosporella and RaY:I 
Raghavachari & Sapre (1942) described a species E. 1ninetti from Mabuia. 
Chakra varty and Kar (1947) reported Caryospora gekkonis from the wall 
Lizard. MandaI (1966) described Isospora rO)Ji from a lizard. 

AVES 

Maximum work has been done on avian parasites. Adie (1908) 
described a species of Hepatozoon from the blood of a House sparrow. 
Hoare (1924) observed another coccidia from an Ind~an eagle. de Mello 
and Afonso (1935) reported Haemogregarine from a bird. Mitra and 
Das Gupta (1937), Malhotra and Ray (1961) and Chatt~rj.~e and Ray 
(1969) recorded Coccidia fronl pigeon. Naik (1937) observed coccidio
sis in cro\v. Kar (1944), Chakravarty and Kar (1944·, 47), and Misra 
(1944, 47) described. several species from different avian hosts.· Chakra
varty and Basu (1946) recorded Tyzzeria alleni from a Cotton Teal. 
Ray (1945) Gill (1959) and Nath et al (1960) observed Coccidia from
Chick. Ray (1952), Ray et ale (1952 a and h) noted some parasites from 
hill birds. Ray and Hiregauder (1959) described some species of avian 
Coccidia. Dubey and Pande (1963 a and b), Bhatia and Srivastava 
(1965) and Sarka.r and Ray (1965) r_ecorded few species from domestic 
duck. MandaI and Chakravarty (1963) described Dorisiella vagahundae 
from Indian Tree-pie. The same authors (1964) recorded some species 
of Isospora from Indian birds. MandaI (1965) reported five species 
of Eimeria with a subspecies of E. recoviensis (Labbe) from avian hosts. 

43 
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Banik and Ray (1961, 64) ,described E. pavonina and E. mandali from 
Indian peacock. E. pavonis and E. cristata have also been described by 
Patnaik (1965) from Indian peacock, which are I,.OW synonemized with 
E. pavonis MandaI 1965 and E. patnaiki Ray 1965. Bhatia, and Pande 
(1965 a and b) recorded avian coccidia from Mathura. Ray and Sarkar 
(1967, 6g) described some specie~ including Dorisiella chakravarti and D. 
mandali and the genus Sivatos~ella from some passerine birds. 

MAMMALIA 

Laveran (1905) reported Hepatozoon from rodents. A Leucot;Yto
zoon (=Hepatozoon) was also desct'ibed by Adie (1906) from Mus rattus 
(=Rattu,s rattus). Patton (1908) reported coccidia from different orders 
of mammals. Uhristophers (1912) observed this parasite from wild 
dog. Cooper (1924, 1926 a and b 1927), Cooper and Gulati (1926), 
Rao (1952) Rao and Hiregauder (1954), Hiregauder (1956) Rao and 
Bhatawadaker (1959) Giil (1960 a and 1968) observed bovine Cocci
diosis. MandaI and Ray tI961), Patnaik and Ra.y (1961), Gill, Chha
bra and Lall (1963), Patnaik (1964) and Patnaik and Pande (1965) 
studied this parasite from buffalo. Gill (1960 b), Srivastava and Shah 
(1968)' reviewed the parasites from domestic pig. Rao (1925), Aiyar 
(1937)- Ray and Banik (1965) and Mukherjee and Krassner (1965) 
described this parasite from Canis. Knowles and Das Gupta (1934),_ 
MandaI and Ray (1960) reported coccidia from feline group. Kar 
(1943) and Shah (1965) reported coccidia ~fro;m goat. Ray and Das 
Gupta, (1935, 1937), Ray and Singh (1949, 1950) Gill and Ray (1961), 
Ray and Banik (1965) and Ray, Banik and Mukherjee (1965) observed 
coccidia from rodents and 1agomorphs. Dubey and Pande (1963 a & 
b, 1964a) recorded this parasite from camel. The same authors (1964h) 
Knowles and Das Gupta (1931), Patnaik and Ray (1965) reported 
coccidia from Mongoose. Das Gupta (1934), Mukherjee (1948) noted 
human coccidiosis. 

SUMMARY 

The ·coccidian parasites have been a subject of active investigation 
since the first one was seen by Leuweenhook in 1674. Hundreds of 
species have been named but their actual number may well be in the 
tens of thousands. 

Coccidian parasites present in the diverse Indian fauna are varied. 
Uptil now seventeen genera comprising nearly two hundred species 
have been recorded from this country and most of them are described 
within the last fifty years. Irrespective of different climatic zones. of 
India, the coccidian parasites are quite frequent. 
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INTRODUCTION 

The reason for taking up the present study is the lack of Inuch detailed 
taxonomic and ecological studies on freshwater fishes of West Bengal except 
for a brief account of North Bengal fishes by Shaw and Shabbeare (1937), 
a study of mullets by Sarojini (1957, 1958), a study on biology and growth 
of Hooghly catfish, Mystus, Fangasius and eel, Anguilla by Pantulu (1956, 
1961, 1962), systematic studies on' the Indian siluroid fishes by Jayaram 
(1954 et selj.) in 'wvhich material from West Bengal was also included and 
a detailed systematic study of ~ystus spp. from Bengal region (Bahu Rao 
and Chattopadhyay, 1969). Hora (1943 and 1953) published ecological 
papers on vegetation of fishing tanks and salinity of Hooghly estuary. 
It is felt that a detailed systematic study of freshwater fishes of West 
Bengal \vith keys for identification is needed so that the future fresh,vater 
fish workers of this region can easily take up the field. 

Though some hiologi~al s~udies were made in a few commercially 
important freshwater fishes yet much ecological work has not been done. 
Some scientific organisations and institutions like Central Inland Fisheries 
Research Institute .are studying the ecology of riverwater but the ecological 
study of confined freshwater bodies throughout West Bengal is neglected. -
Since the past one year faunistic and ecological observations are being 
mad~ at tne freshwater Bheries at Beliaghata in Calcutta with special re
ference to the freshwater fishes. A brief preliminary account of the ohser
vations are presented in the following: 

MATERIALS AND METHODS 

One Bheri (a big fresh\vater tank) in Beliaghata area, Calcutta, \vas 
selected for study._ The Bheri was visited fortnightly for collection of 
specimens and other necessary field observations. Specimens \vere collec
ted from fishermen immediately after catch and after making necessary 
notes in fresh condition. they were preserved in diluted formaldehyde. 
~\ny plant or animal available in the· Bheri was collected for study. In 
the laboratory weight and. length data of the fishes selected for study 
\vere taken. Plants were preserved in spirit. The present study starte-d 
on 17th July, 196-8- and- -is still in continuation. 
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SYSTEMATIC ACCOUNT 

The following specimens ,,,ere collected from the Bheri and identified. 

Fishes: 
Faro.. CY.PRINIDAE 

Subfam. CrPRININAE 
Gen. Labeo 

Labeo rohita (Ham.) 

Gen. Cotta 
Catla catla (Ham.) 

Gen. Cirrhina 
Cirrhina mrigala" (Ham.) 
Cirrhina reba (Ham.) 

Gen. Cyprinus 
Cyprinus Spa 

Gen. Chela 
Chela punjabensis Day 

Gen. Rasbora 
Rasbora sp. 

Gen. Puntius 
Puntius stigma (Cuv. & Val.) 
Puntius terio (Ham.) 
Puntius ticto (Ham.) 
P'untius phutunio (Ham.) 
Puntius gelius (Ham.) 
Puntius chrysopterus (McClell.) 

Fam. PERCIDAE 

Group Apogonina 
Gen. Ambassis 

Ambassis nama (Ham.) 
Amhassis ranga (Ham.) 

Fam. CrcHLIDAE 

Gen. Tilapia 
Tilapia mossambica Peters 

Fam. GOBUDAE 

Subdiv. GOBI/FORMES 
Gen. -Oobius 

Gobius giuris Ham. 
Gobius crinigtr Cuv. c% Val,. 



Molluscs: 
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Fam. NOTOPTERIDAE 

Gen. Notopterus 
Notopterus chitala (Ham.) 

Fam. SCOMBRESOCIDAE 

Gen. Belone 
Belone strollgylurus Hassel t 

Fam. BAGRIDAE 

Gen. Mystus 
M.,vstus keletius (Ouv. & Val.) 

Fam. SILURIDAE 

Gen. Clarias 
Clarias batrdchus (Bl. Schn.) 

Gen. Heteropneustes 
Heteropneustes fossilis (Bloch) 

Fam. RHYNCHOBDELLIDAE 

Gen. Mastacembelus 
Mastacembelus pancalus (Ham.) 

Gen .. Rhynchobdella aculeata (Bloch) 

Fam. ANABANTIDAE 

Gen. Anabas 
Anabas·testudineus (Bloch) 

, I 

Gen. Trichogaster 
Trichogastl!r fasciatus (BI. Schn.) 

Fam. QPHIOCEPHALIDAE 

Gen. Channa 
Channa punctatus (Bloch) 
Channa gackua (Ham.) 
Channa marulius (Ham.) 
r:hanna striatus (Bloch) 

ct. GASTROPODA 

Fam. VIVIPARIDAE 

Gen. Vivipart.t.f 
Viviparus bettgalensis (Lamarck) 

race annandelei, Kobelt. 
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Faro. MELANIIDAE 

Gen. Mela.noides 
Melanoides ,granifera var. pergranosa (Nevill.) 

Gen. Melanoides 
Melanoides tubercu,latus (Miiller) 

Fam. PLANORBIDAE 

Gen. Indoplanorhis 
Indoplanorbis ·exustus (Desha yes) 

Crustaceans: 

Snake: 

Insects: 

(1) Prawn: 

(2) Crab: 

Fam. P ALAEMONIDAE 

Subfam. PALAEMONINAE 
Gen. Macrobrachium lamarrei lamarrei H.Milne 

Edwards 

Class CRUSTACEA 

Order DECAPODA 

Fam. POTAMONIDAE 

Gen. Paratelphus.a (Paratelphusa) 
Paratelphu$a (Paratelphusa) spinigera 

Wood Mason 

Fam. COLUBRIDAE 

Suhfam. HOMAPOPSINAE 

Gen. Enhydrus 
Ettkydrus enkydrus Schneider 

Ord. ODONATA 

Subord. ANISOPTERA 
Nymph of Anax sp. 

Ord. HEMIPTERA 

Suhord. HETEROPTERA 
Fam. NEPIDAE 

Gen. Ranatra 
Ranatro soldidura 

Fam. BELASTOMATIDAE 

Gen'. Sphaerodema 
Sphaerodema annulatum 



Plants ,. 
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Ord. COLEOPTERA 

Subord. ADEPHAGA 

Fam. DYTISCIDAE 

Subfam. C'rBlSTRINAE 
Gen. Cybister 

Cybister sp. 

MONOCOTYLEDONS: 

Fam. HVDROCHARIDACEAE 

Gen. Valisneria 
Valisneria sp. 

Fam. ARACEAE 

Gen. Pistia 
Pf,stia stratiotes 

DICOTYLEDON: 

Fam. EUPHORBIACEAE 

Gen, Croton 
Croton sp. 

PTERIDOPHYT A: 

Cl. PSILOPHYTINEAE 

Ord. PSILOT ALES 

Gen. Psilotum 
Psilotum sp. 
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Six commercially important genera of fishes were selected for seasonal 
study: 

( 1) Puntius 
Puntius stigma is found to occur more Or less throughout the year, the 

other species are mainly restricted to August-October period. Adult speci
mens of·P. stigma are found in July-August. period. 

(2) Anabas 
Anabas 'te~tudineus is found in the catches throughout the year, good 

numbers are being caught in August-September period. Juveniles Were 
observed to occur during August-September period. and again in April. 

(3) Chantla 
The four available species of the genus, i.e., C. punctatus, C. gachua, 

c. striatus and C. marlliius occurred throughout the year in the catches. 
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( 4) Mastacembelus 
Mastacembelus pancalus occurs throughout the year, adult specimens 

being mainly observed during July-August. 

(5) Trichogaster 
Trichogaster Jastiatus occurs in. good numbers throughout the year. 

Adult specimens are mainly found in July-August period. 

(6) H eteropneustes 
Heteropneustes fossilis occurs throughout the year, adults occurring 

in July-August period. 

It has been noted that in fishes of the six selected genera, Puntiu,s is 
found to have maximum number of species. In the colouration and 
meristic data Puntius spp. show some variations with pay's description. 
The presence of the pink lateral band in P. stigma seems to be variable 
seasonally. Trichogaster sp. is generally found in two colours-one 
with grey and bluish stripes and another with pink and grey stripes. 
Further it has been noted that the pink-grey striped forms fall in smaller 
length range group than the bluish pink group indicating colour 
variations with growth of the specimen. Anabas sp. shows some varia
tions in colour and counts and MastacembeluJ sp. in colour. So far 
Channa and Heteropneustes have not shown any remarkably variation 
from previous descriptions. Channa gachtta is found to occur in smaller 
numbers in the catches whereas Channa marulius and Channa striatus 
occur in larger numbers. 

Of the various species of Puntius, P. stigma is the most common 
form. 

OBSERVATIONS ON ECOLO(JY 

General Ecology: 

The aheri is situated in Beliaghata area and formed due to low 
embankment of the land. The shape of the Bheri is like a pentagon 
and the approximate area is 100 acres. It is separated from the other 
Bheries at the sides by mud bundhs, sufficiently high to prevent water 
transfer from one to the adjoining Bheri, eXlcepting at the time of heavy 
rains when the Bheri water level becomes equal with the encircling land. 
The Bheri is normally fed twice in an year from a canal with factory 
effluents. But excess mixing of the Bheri water with the sewage even 
at the time of heavy rains is prevented. 

Bheri water is clear, colourless with a salinity value ranging from 
0.5 p.p.m. (October-November) to 1.6 p.p.m. (July-August). The 
wa ter plant) Pistia stratiotes) grows in small batches in the Bheri water 
throughout the year Valisneria sp. and Psilotttm sp. are also found in 
Bheri water. In early summer (late February and early March) a 
huge mass of Pistia accumulates in the water to cover almost the entire 
surface so that fishing becomes impossible. Hence these plan~s. are 
dragged aside by fishermen. In April-May, i.e., pre-monsoon time, 
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strong wind removes the plants which get accumulated at the banks. 
Some fishes in trying to avoid fisherman's nets take shelter under the 
Pistia bush resulting in poor catches. Normally juvenile fishes take 
shelter under this plant and escape fishing; consequently juveniles are 
found in small numbers in the"' catches. 

So far the size of total catch composition is concerned, a definite 
seasonal variation is noted. In summer the number of fishes in a 
catch is quite high. But it declines in winter. Normally in rainy season 
number of fishes in a catch is good. But in winter rains, the catch 
size is not high. 

Planktological studies: 
Plankton is mostly found to contain phytoplankton and that too 

in the form of blooms. Of the phytoplankton studied the group Chloro
phycae (green algae) shows the maximum number of genera followed 
by Bacillariophyceae (diatoms), MyJCophyceae (blue green algae) and 
pesmidiaceae (desmids). Besides the individual genera identified a 
non-seasonal phytoplankton bloom formed by blue green algae was 
observed: 

CHLOROPHYTA: This group of algae forms the "major part of phyto
plankton mass. The genera identified are Scendesmus, Crucigenia, Micro
spora, Plank tosphaeria , liirchneviella, Pediastrum, Botryocoeelts, Pro toeoeeus , 
Utothrix, Ankistrodesmus, Selenastrum and Spirogyra. Of these ScendesmUJ 
showed regular occurrence. 

BACILLARIOPHYTA: This is the next major group of which the 
following genera are recorded Nitzschia, Melosira, Cyelotella, Coscinodiseus, 
Frustalia, N avieula, Diatoma, Cym bella , Climacoshainia and Gyrosigma. Of 
these Melosira, eye/otelia and Coseinodiseus are the comparatively dominant 
genera. 

MVXOPHYTA: This group is represented by the following genera: 
Go mosph aeria , Polycystis, Coelosphaerium, Merismopedia, Riuularia and- Oseilla
loria. Merismophedia and Oscillatoria are the most common forms. 
Beside these, there is a heterogenous bloom formed by blue green algae 
which is non seasonal. 

PESMIDIACEAE: This group is represented by only three genera and 
hence the smallest group of algae collected from the Bheri water. The 
genera are Closterium, Staurastrum and Mierasterias, the last one being 
the dominant form. 

rrhe variety and number of zooplankton collected from the Bheri 
is comparatively less than phytoplankton. The dominating group is 
Protozoa. The various groups collected are: 

PROTOZOA: Paramoeeium, Euglena, Amoeba, T rinema, Dinobryon and 
Acanthocystis. Of these Paramoeciun is the dominant genus. 

ROTIFERS: Epiphanes, Gastropus, Testudinella and Pilina form the 
rotiferan fauna of the Bheri. 

CRUSTACEA: Nauplius, Cypris, AcroperllS, many other Copepods and 
Copepodites form the Crustacean faun~. Nauplius and Glpris are the 
two do~nant groups! 
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OTHER GROUPS: Occasional occurrence of Gastrotrichs and Nema
todes is noted. 

SUMMARY 

A brief review of freshwater fish work in West Bengal is given and 
the necessity for ecological work in confined waters of Bengal region 
with special reference.to freshwater fishes is pointed out. A brief a,ccount 
of the observations made on the ecology and fauna of Beliaghata Bheries 
is presented. The various freshwater fishes occurring in the Bheris are 
listed and the seasonal occurrence of important commercial· species 
is given. 

Ecolog~c~l observations like the nature of water, other flora and 
fa.una of the 13heris, plankton composition etc., are. also presented. 
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REPORT ON THE FAUNISTIC SURVEY (ODONATA) 

OF THE SOUTH ANDAMAN ISLANDS 

By 

A. R. LAHIRI 

Zoological Survf:Y of India, Calcutta. 

INTRODUCTION 

The South Andaman group of islands is situated in between the 
Middle and Little Andamans in the bay of Bengal. The soil of these 
islands is mostly loamy clay, except along the shores, where it is sandy. 
The climate is hot and humid and the rainfall is fairly heavy (about 
315 cm. annually). Both South-West (May-September) and North
East (October-December) monsoons occur in these islands. 

Having such climatic features, these isolated islands, in the Bay of 
Bengal, have great economic and Zoogeographic importance. The 
Zoological Survey of India has conducted a number of surveys of these 
islands. Fraser (1924) worked out a small collection of Odonata made 
by Dr. A. Annandale in the year 1923 from Mt. Harriet, South Andaman 
islands. He reported eleven species including three new species and 
two new subspecies. These new species and subspecies were again 
referred to by Fraser in the Fauna of British India, Odonata (volumes 
1-3, 1933-1936). The present observations are based on the works 
done by Fraser and the study of some of the later survey collections 
which have been worked out by Mrs. G. Chhotani (nec Bose), A. R. 
Lahiri and T. R. Mitra (Mss. stage), the account of which will be pub
lished elsewhere. Of these col. R.B.S.Sewell's collection in the year 1928 
and Sri B. S. Lamba's collection in the year 1964 are of particular interest. 

OBSERVATIONS AND CONCLUSIONS 

G. Chhotani et al (Mss) have studied collections from 22 different 
localities from Baratang (12°12'N. and 92°52'E.) in the North to Mac
pherson strait (11004'N. to ll o0B'N. and 92°37'E. to 92°40'E.) in 
the South; this gives us a fair picture about the Odonate fauna of South 
Andamans. Thus, apart from eleven species and subspecies reported 
by Fraser (1924) twenty more have been found to inhabit these islands 
as follows: 

Suborder I. zrGOPTERA 

Family 1. COENAGRIIDAE -12 species 

Family 2. AGRIIDAE - 3 species 
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Suborder II. ANISOPTERA 

Family' 3. AESHNIDAE - 2 species 

Family 4. LIBELLULIDAE -14 species 

The families Coenagriidae and Libellulidae are the more re
presented, occupying about 76% of the total number of species present .. 

Out of .31 species of Odonata occurring in S. Andamans, 5 species 
are endemic to these islands. Of the remaining ones, three are common 
with those found in India only; two of these are known to occur in 
Eastern India only 'and 'the other one is fairly distributed throughout 
the subcontinent. Four are common with those found in Ceylon and 
Southern India; 10 are common with' those distributed all over the 
Sout~ern Asia; 'a~d the rest of the species found in Andamans have a 
greater range of distributi~n, i.e., from Africa' in the Palaearctic region 
t9 Australia through the Oriental region. 

This data suggest the existence of a remote land connection· between 
these islands and, different parts of the Oriental lands, whereby many 
of these species' got distributed in these islands. During the course'-of 
their s~parate. existence over a long period of time, from the cretaceus 
p~:ri9d, as suggest~d by Karunakaran (1962) the odonate fauna 6f these 
islan.ds have aquired some variations, as a result of which the endemic 
spec.ies. have arisen. It is interesting to note that the species do not 
sho.w any remarkable degree of variation from their representatives 
found. elsewhere. It is expected that some more species of odonata, 
as 'Yell as other facts regarding the species already reported may come 
to light, if more surveys of these ish~.nds are conducted. 

I am greatly thankful to Mrs. G. Chhotani for her v.aluable sugges-· 
tions and for going through the manuscript. 

REFERENCES 

CHHOTANI, G .. (nee BOSE), LAHIRI, A. R. AND MITRA, T. R. Taxonomic 
studies of the Odonate fauna of Andaman Islands, Indian Ocean. 
[In manuscript stage]. 

FRASER, F. C. 1924. Report on a collection of dragonflies (Odonata) 
from the Andaman Islands. Rec. Indian Mus., 26(5): 409-414. 

FRASER, F. C. 1933. The fauna of British India. Odonata. [London] 
1: 1-423. 

FRASER, F. C. 1934. The fauna of British India. Odonata. [London] 
2 : 1-398. 

FRASER, F. C. 1936. The jau1J,a 0..( British India. Odonata. [London] 
3 : 1-461. 

KARUNAKARAN, C. 1962. Geology of the Andanlan and Nicobar Islands. 
Andaman and Nicohar Infor1natioll [Port Blair] No. 10. (1962 Pan 
No.) : 64-69; and 75. 



Reo. ~ol. 8u1"1). India, 68: 367-381, 1975 

FIFTY YEARS OF FAUNISTIC .SURVEY IN INDIA. 

HELMINTHOLOGICAL STUDIES AND 

ZOOLOGICAL SURVEY OF INDIA 

By 

R. K. GHOSH AND B. S. CHAUHAN 

Zoological Survey of India, Calcutta 

The Zoological Survey of India was established 'as a department 
of the Government of India in July 1916. Since then the Survey has 
been actively engaged in studies particularly in the field systematic 
zoology, field surveys, studies on morphology, anatomy, ecology, dis
tribution, zoo-geography, evolution,. etc. In 1969 the Department 
organised a seminar on fifty years of faunistic survey. in India, the junior 
author as a convenor. The studies made by the Survey in the field of 
·helminthology during the course of last more than fifty years which 
were presented before the seminar, are dealt with in this paper. 

Countries situated in tropical and ~ubtropical regions provide the 
most optimum conditions for the growth and propagation of hel~inth 
parasites. India being in a tropical zone is by no means ap. exc~ption 
.to this and her helminth fauna are . rich both in num'Qer and variety. 
Helminths are mostly endoparasites thoug4 a large numbers are ecto
parasites and free-living also. They are divided·- in various broad 
groups, viz., Trematoda, Cestoda> Nematoda, Acanthocephala, etc. 
Some of the dreadful diseases such as Schistosomiasis, Fascioliasis, Fila
,riasis, Dracunculiasis, A.nkylostomiasis and several other diseases are 
caused by the infections of various worms which bring untold misery 
and sufferings to the _human beings. Livestock and other animals also 
fall prey to them. Even agricultural crops, vegetables and flowering 
plants are not immune from their fierce' attacks. Stoll (1947) estimated 
that 114,400,000 human beings are suffering from Schistosomiasis alone 
and 32 million people are supposed to be suffering from filarial diseases, 
throughout the world. Geographical distribution of helminth diseases is 
even more than that of Malaria, Small pox, Cholera, Typhoid, etc. 
Ther~fore, the study of helminths evoked considerable interest from 
the dawn of civilization. Our Vedic literature bears ample testimony 
to this. Sushruta in his treatise entitled, 'Krimi Roga Pratisedh' re
ferred to twenty kinds of worms. Charaka and Vab Prakash have also 
'dealt with this group with considerable competance. 

Earliest record of helminths in India from mode.rn systematic point 
of view was made by Gilchrist (1841-1846) in his book entitled 'A prac
tical treatise on the diseases of elephants, camels and horned cattle' 
He described two types of worms which are possibly Fasciola jacksoni 
and Pseudo discus hawkesi. Cobbold (1882) made the earliest. record of 
-Schistosomiasis in India. In a meeting of Medical Chigurgical Society 
in-London, he declared that the cattle a~d sheeps in India were infected 

46 
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with schistosomes. Bombford (1886) reported the characteristic schis
tosome egg-oval with terminal spine, from the transport dept. bullock 
of C~lcutta~ He tentative,ly identifi~d these eggs to be that of S. hae
matobium a parasite of man and monkey. Durjardin (1842), Cobbold 
(1869-1882), Bomford (1887) Shipley (1903), Gaiger (1906) etc., made 
sporadic reports of various helminths from India but no systematic sur .. 
veys were made till recently. 

Zoological Survey of India can justifiably be proud for initiating 
the stimulus and enthusiasm for comprehensive surveys and detailed 
studies on the helminth fauna of India. Dr. B. Prasad (1918) of this 
dept., is the first Indian worker to report some helminths from fishes. 
It is fascinating and very much interesting to trace the history of these 
studies in Zoological Survey of India by Sewell (1918-22), S. W. Kemp 
(19J9-22), Southwell (1918-26), Chauhan (1945-69), Mukherjee (1960-
69), Srivastava (1961-69), Soota (1954-69) and Gupta (1962-69). 

R. T. Leiper, head of Bilharzia Mission in Egypt and Midd~e East 
first drew the attention of Govt. of India to the possibility of the spread 
of Schistosomiasis in Indi~ through the heavily infected Indian soldiers 
who were returning back after the First World War from Middle East 
and South Mrica, endemic focus of Schistosome diseases. So the fear 
of spread of human Schistosomiasis in India became a problem, haunting 
the par~sitologists and medical practitioners from the begining of this 
century. There were two possibilities to be searched out to confirm 
if the spread of the Schistosome disease could become a menace in this 
country. First was to search whether the intermediate mollusc hosts 
reported in other countries as vectors for schistosomes could be found in 
India. Secondly, it was to be confirmed also whether the locally avail
able Snails were capable of harbouring the schistosome cerceriae. 

Govt. of India initiated a scheme financed jointly by the Education 
Department and the Indian Medical Research Fund to conduct a survey 
to know all about the possibilities of the spread of Schistosomiasis in 
India.. In 1918 Zoological Survey of India consisting of four officers 
only at that time, was invited to assist the medical authorities in their 
task. This in a way laid the foundation stone for the heIminthological 
'research in India in a planned way. Annandale (1918) conducted a 
survey of the potential mollusc hosts in South India. Kemp and Grave
ley (1918) started the investigation in the neighbourhood of Hyderabad 
where more than one hundred soldiers returned from Egypt after First 
World War were reported to be suffering from schistosomiasis by Dr. A. 
Lankester, Director of Medical and Sanitation Departmellt, Hyderabad. 
All together 928 snails were examined, 36 snails were found to harbour 
fork tailed cercariae of schistosome group. On detailed examination 
they were found not to belong to human schistosome. 450 snails were 
exposed to the active miracidium of Schistosoma haematoboium obtained 
from the eggs in the urine of the patients suffering from Schistosomiasis. 
Restdts were found to be entirely negative. Efforts to bring the 
molluscs from the vicinity of Hyderabad to Calcutta were made but 
most of the snails died in transit, possibly due to the constant vibra
tions in the train. Ultimately one patient suffering from schistosomiasis 
was brought to Calcutta. Further experiments were conducted in 
the laboratories of Zoological Survey of India. Locally available mol
luscs and some of the living. snails brought from different ,parts of 
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the country were exposed to the active miracidium obtained from the 
urine of the said patient. Molluscs of the genera Melania, Amnicola, 
Bithynia, Vivipera, Pachylabra, LYlnnaea -Planorbis, Metania were tried" in 
this investigation with negativ:e results. Kemp and: Gr.aveley (1919) 
after an exhaustive survey concluded that the intermecliate snail hosts 
reported in other countries belonging to the genus Bullinus, Phjsopsia 
and Hypsobia are not represented in India. The other genus Planorbis 
though found in India is not capable of harbouring human schistosome. 
Annandale and Sewell (1920) continued this work. They surveyed 
the freshwater gastropods of the Indian empire and Baluchistan. Snails 
from different districts of Bengal were also exposed to the living miraci
dium of S. haematobium. Results were negative. Sewell (1914) obtained 
a eercariae from a tank near Russa Road, Calcutta, which he reported 
to be indistinguishable from the typical cercariae of S. japonicum Katsu
rada except in some variations in length and some other minor charac
ter~. This is a very important parasites of man in China and Japan. 
Sewell described this as Cercariae indicae which develops either in Pla
norbis exustus or in Lymnaea amygdalum. Ultimately, it was experimental
ly proved by Rao (1934) that the Cercariae indicae actually develops into 
Schistosoma nasalis, a parasite of livestock. It was a great honour for 
Zoological Survey of India when in 1924 Dr. N. Annandale was invited 
by the Parasitological Laboratory, Peking Union Medical College to solve 
the confusion in the identification of Chinese and Japanese snail hosts 
of Schistosoma japonicum. After examining a large collections of snails 
from China, Japan and Formosa present in the laboratory of Zoological 
Survey of India, he concluded that all the molluscan hosts reported 
as the intermediate hosts belonged to a single genus Oncomelania Gr{dler. 
He suggested to split the genus in two genera, Katayamae and Hemibiae. 
Thus a long standing problem of correct identification of intermediate 
snail hosts of S. japonicum had been solved. 

Sporadic reports of Schistosome disease were being made from 
different parts of India against the optimistic view of the workers about 
the nonpossibility of spread of this" disease. Reports by De sa and 
Monteiro (1949) and, Gadgil and Shah (1952) confirmed beyond 
doubt that a considerable number of the local population in the village 
Gimvi, in the Guhagarh Taluka, Ratnagiri District, Bombay, are 
suffering from Schistosomiasis. Chauhan and Ramakrishna (1954) 
conducted a survey "at the request of the Indian Council of Medical 
Research, in the village Gimvi, the suspected endemic focus of human 
Schistosomiasis in this country. _ After" an exhaustive survey they 
opined the existence of Schistosomiasis was not very new there. Furco
cercus cercariae resembling that of S. haematobium were found "emerging 
from the locally available mollusc, Ferrissia tenui.)" (Bourg.). Shah and 
Gadgil (1955-56) and Jhala (1956) obtained from experimental animals 
in the laboratory the entire worm, S. haematobium infecting them with 
miracidium obtained from the mollusc Ferrissia tenuis. This is an 
epoch making event in the history of Schistosome research as it is in 
contradiction to the general belief held by specialists that only the 
planorbid mollusc can act as intermediate host of Schistosomes. Chau
han (1954) obtained two types of bifurcate cercariae, some are regarded 
as brevicaudate and others as longifurcate. In his opinion the bre
vicauda~es are those of human schistosome and t:Qe longifurcate cercariae 
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are those of some avian schistosoine probably belonging to the genus 
Orniihohilharzia. In the final analysis it was felt that further experi
ments are necessary before finally declaring that the infection at the 
village . Gimvi is by S. haematobium. After carefully examining th~ 
morphology of characteristic terminal spined eggs an<;l the clinical 
sy~ptoms of the blood fluke it appeared that if these were not the true 
cases due to S. haematobium it might probably be an infra specific. variety 
or a geographical race, a strain of the type. Chauhan and Chauhan 
(1956) and Chauhan (1957, 1959, 1963) reviewed in detail the 'schisto
some research iri India. 

In the foregoing pages an apprisal of the work done by the depart
mental scientists and the contributions they made for correct diagnosis 
of schistosomiasis have been made. This is essential to eradicate schisto
somiasis, one of the most formidable enemy of human race, which 
takes a heavy toll in our neighbouring countries such as China, Japan, 
Formosa, Hongkong, Africa, Phillipine, Madagascar, etc. 

Now we shall concentrate on the work done in other fields of hel
minthology by the departmental scientists and for convenience these 
wo.rk~ will be dealt groupwise. 

TREMATODA 

Southwell and Prashad (1918) recorded some larval trematodes 
from fishes of Bengal and described a new species Clinostomum piscidium 
from Nandus nandus and Trichogastor fasciatus. Sewell (1920) recorded 
.Mesocoelium sociale Luhe from Rana tigrina from Indian Museum tank 
and studied the seasonal variations of infection. Sewell (1922) pub
lished his monumental work 'Cercariae indicae' which_ is still regarded as 
the: most 'authentic work on the subject done so far. Sewel~ continued 
the work of cercariae aJ?d ip. ~ 9~0 published a paper tracing the evolu
tion of excretory system in Furcocercus cercariae. Faust (1927) des
cribed two strigeids from Kashmir out of some collections sent. to him 
by ~he Dir~ctor, Zoological Survey of India. Ch~uhan (1940) des
cribed tyvo new spec~es ~umegacetes microdiosus from Temenuchus pagodarum 
and Prosthogf?nimus macracetabulus from Passe~ domesticus. Bhalerao (1942) 
described Az.ygia angust~cauda Stafford 1904-from Mastacembelus pancalus 
out of some collections sent to him from Zoological Survey of India. 
Chauhan (1943) described a new species Mehratrema polynemusinis 
from marine fishes Polynemus indicu~, ¥uraensox talabunoides and Sciaena sp. 
Chauhan (1943) studi~d the gasterostome and described four new 
species in the family Buc~p4alidae (Braun, 1883). Chauhan (1945) 
described six new species .belonging to three genera of the family Hemiu
ridae Liihe, 1901 from marine fishes along with the record of Stomachicola 
muraenesocis Y ~magut~; 1934 and transferred Lecithocladium longicaudum 
Shen, 1935 in the genus Stomachicola. Chauhan (1945) concentrated on 
the study of Monogenetic trematodes from the marine fishes for the 
first time in India in a planned way. In a series of papers (1945, 1950, 
1952, 1953) he initiated the studies in this unexplored field of Helminths. 
Chauhan and Bhalerao (1945) described a new species Tricocotyle 
.secu1zdus from dog fish Scoliodon sorrakowah and later on in 1945 described 
it in detail as Loimos secundus (Chauhan and Bhalerao, 1945). Chauhan 
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(1 ~45) est~blishe~ two new gener~ Bilateraeotyle with the species B. ehiro
eeretrosus from the gills of marine fishes Sciaena belengeri and Chirocentrus 
dorab. The second genus Prieea was established for the reception of 
three species P. multae from Cybium laneeolatus and P. microeotylae from 
Scomber microlf!pidotus and P. minimae from Thynnus pelamys. Chauhan 
(1.945) also described four new forms: Ancyrocephalus alatus; Lamellodiscus 
belengeri,. Pseudaxone indicana and Cyclocotyla multaetesticulae. The last 
species was later on transferred to the genus Choricoryla and the first one 
in the genus Diplectanum. Elaborate keys for the subfamily Tetraon
chinae and of the genus Cyclocotyla were also included in the paper. A 
new subfamily Microcotylinae was proposed for the reception of Micro
co tyle , Bictylophora and Centracolpa. Baugh (1949) described a new 
species Psilorchis thapari from Athena bramainica. Chauhan (1950) added 
two new species Mazocraeoides prashadi from Clupeid fishes and Mazocraes 
orientalis also from the same host. In 1952 he reviewed the family 
Capsalidae and described a new species Capsala go uri from Thynnus 
thunnin. Chauhan (1953) reviewed the works on- the monogenetic 
trematodes in India in detail. Chauhan's comprehensive works on 
the Indian forms of Aspidog"strea, Gasterostomata and Prosostomata 
published in 1953 are the works of basic reference which stimulated 
further research in these fields. Rora (1953) studied in detail the possi
bilities of control of mollusc shell through fish farming with an eye 
for the control of various trematode diseases of livestock, viz., Fascio
liasis, Amphistomiasis, Schistosomiasis, etc. In this paper a very useful 
table, prepared by Dr. B. S. Chauhan, listing the common helminth 
paarsites of cattle, goat and sheep in which the molluscs act as 
intermediate host was included. Chauhan (1955) discussed in detail 
the taxonomic position and geographical distribution of the fish trema
todes Isoparorchis hypselohagri S'outhwell, 1913. Chauhan (1956) re
viewed the progress of sciences in, India during the years 1935-1950. 
In the Presidential Address given at the Golden Jubilee Session of Indian 
Science Congress in 1962 Chauhan traced the development of helmin
thological research in India and emphasised the need to establish an 
Institute of Parasitology. Mukherjee and Chauhan (1965) published 
the fifth part of'S tudies on the trematode fa una of India' in con tin ua tion 
of the series initiated by Chauhan in the year 1953. 

Gupta (1959) described a new species Haematotrephus kashmirensis 
from Himantopus himantopas. Gupta and Srivastava (1960) published 
the description of a new species Fastula chauhani from Hilsa illisha. Sri
vastava (1961) added two new species in the genus Phyllodistomum Braun. 
1899 and prepared a host parasite list of the Indian'species of the genus. 
Srivastava (1962) described a new species Pjcnadena komiyai from Chela 
gora. In 1962 he created a new genus Rhynchocreadium to accommodate 
the species R. aculeatum from Rhynchohdella aculeata. Mukherjee (1962) 
described the develop'ment and morphology of the miracidium of 
Stunkardia dilymphosa from turtle. Mukherjee (1963) described two 
new amphistomes from sheep and goat and two new cercariae from 
freshwater molluscs. Srivastava (1963) added three new species in the 
genus Bucephalus Nicoll, 1914 from freshwater fishes and suggested th~ 
synonymy of Bucephalus indicus Srivastava 1938 with B. tridentacularzs 
Verma, 1936. Srivastava (1963) described a new form Folliorchis 
vermai from Eutropiichthys vaCha. Mukherjee (1964) described, a new 
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species Glaphyrostomunl indicum and in 1966 another new species Prostho
gominus elongatus both from domestic pigeons. Mukherjee (1966) studied. 
the life-history of a common amphistomae of livestock Fischoederius 
elongatus (Poirier, 1883) . In 1966 he also redescribed Calicophron 
calicophorum Fischoeder, 1901, Diplodiscus amphichrus Tubangui, 1933, 
Homalogaster paloniae Poirier 1883, and added a new species Calicophoron 
orientalis from Capra hircus. Mukherjee (1967) added a new species 
Mesocoelium burdwanensis from Calotes versicolor and recorded a new meta
cercaria Clinostomum orientale along with the redescription of C. giganticum 
Agarwal 1959. Mukherjee and Ghosh (1967) described two new 
species Microphallus dicaecus and M. bengalensis from Rana tigrina tigrina 
and Artatium schistosomum respectively. Srivastava and Ghosh (1967) 
erected a new genus Paramacrolecithus rasborai in the family Allocreadiidae 
from hill stream fish Rasbora rasbora. Srivastava and Singh (1967) 
described Eucreadium jhingrani from Puntius chagunio. Mukherjee and 
Ghosh (1968) described Omnatobrephus bengalensis n.sp. from Natrix 
stolata with a discussion on validity of different species and prepared 
a key for the identification of all the species of the genus. Mukherjee 
and Ghosh (1968) reviewed the genus Arteyfechinostomum Lane 1915 and 
settled a long standing controversy regarding the various allied genus 
and species. Srivastava (1968) described three new species in the 
genera Crowcrocaecum Skrjabin and Koval, 1956 and Opegaster Ozaki, 
1928 from Anguilla bengalensis and Mastocembalus armatus. Srivastava 
and Ghosh (1968) described a new species Fellodistomum thapari and 
redescribed F. agnotum Nicoll, 1909 aJong with a key for all valid species 
of the genus. Srivastava and Ghosh (1968) added a new distome from 
Banded Crait Bungarus fasciatus and named it Encyclometra bungara with 
new host records for ~ncylometra japonica. Yoshida et Ozaki, 1929. 
Soota, Srivastava and Ghosh (1968) studied the collections from Great 
Nicobar Islands and described four new species Maculifer sp ira lis, Dia
cetabulum nicobarensis, Acanthoparyphium cambellensis and Neodiplostomum 
elongatum from fishes and birds. 

CESTODA 

Southwell and Prashad (1918) initiated the work on parasite of 
fishes and recorded some cestodes from Hilsha ilisha and Carcharinus 
gangeticus. I.life-history of a new cestode Rhynchobothrious ilisha n.g., 
n.sp. Southwell and Prashad 1918 was worked out, incidentally this 
was the first authentic work on the life-history of cestode in India. 
Southwell and Prashad (1918) provisionally described a new genus 
Ilisha parthenogenetica from Hilsha ilisha. Southwell (1930) later found 
this parasite to be a plecercoid larva which provides the first instance 
of endogenous reproduction taking place in a plecercoid form. South
well (1921) recorded a larval cestode from meducae Acromitus rabanchata. 
Southwell (1920) revised the genus Phyllobothrium Beneden, 1849. In 
a series of paper between (1921-1930) Southwell made notable contri
bution to the study of cestodes. His work on cestode order Pseudo
phyllidae and Trypanorhyncha are works of reference. He was 
entrusted to write the, 'Fauna of British India-Cestoda' Fauna volumes 
in two parts were published in the year 1930. Chauhan (1949) recorded 
Raillietina tetragona (Molin), Paronia sp. from fowls, Cotugnia cuneata var 
nervosa Meggitt from pigeon, Hymenolepis grac#is (Zeder) and Hymenolepis . ... " 
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oweni Moghe from ducks and some other cysts from Ophiocephalus puncta
tus. Chauhan and Ramakrishna (1958) conducted a survey on the 
Ligula infection of fishes in Dams and reservoirs of Damodar Valley 
Corporation. Chauhan and Ramakrishna (1959) studied the fish 
Inortality due to cestode cysts infection in a tank at ]abalpur (M.P.) 
and suggested some remedial measures. Mukherjee (1965) described 
two new species Anonchotaenia chauhani and Choanotaenia srivastavai both 
from Turodoides somervillei. Mukherjee (1964) added his new species 
Choanotaenia dutti from Corvus macrorhynchus and Choanotaenia sonoti from 
Acridotheres tristis. Mukherjee (1962) studied extensively large collec
tion of eestodes from Rajasthan and described eight new species and 
recorded another eighteen species from various vertebrate hosts. 

NEMATODA 

Dr. N. Annandale, Director, Zoological Survey of India, forwarded 
a large number of Nematode parasites collected by the various survey 
parties of the department to Dr. H. A. Baylis. Baylis and Daubney 
(1922) published their findings-it included fourteen new species and 
five new genera besides proposing a few new subfamilies and higher 
taxa. Another lot of collection was sent from Zoological Survey of 
India to H. A. Stewert for study. After working out part of the collec
tions he forwarded the collection along with his manuscript notes to 
Baylis and Daubney. They worked out the collection and published 
the same in the year 1936-it included the descriptions of many known 
forms along with diagrams. These studies formed the basis for writing, 
'Fauna of British India-Nematoda, Part 1 & 2 published by Baylis in the 
year 1939. Chauhan (1947) described a new filariid worm Squamo-
filaria choprai from sea-tern. Chauhan (1949) recorded several nema
todes from new hosts and localities such as Porrocaecum pristis Baylis and 
Daubney from Wallago attu, Polydelphis sewelai Baylis and Daubney from 
Natrix piscator, Ascaridia galli and Heterakis gallinae from fowls and some 
other nematodes. Soota ( 1954) recorded some variations in the 
species Porrocaecum angusticolle Baylis and Daubney 1922, Echinocephalus 
spinosissimus Baylis and Lame 1920. Chauhan and Ramakrishna (1958) 
reviewed the work done in India on Plant parasitic and free-living 
nematodes and stressed the importance of their studies. Mukherjee 
(1963) described a new nematode Philometra rajani from the ovary of 
fishes polynemeus tetradactylus and Sciaena coitor. Ma j umder ( 1965) des
cribed two new species Camallinides hemidenta and Notopteroides alatae 
from Channa striatus and Mastocembalus armatus respectively. M.ukherjee 
(1967) studied the microfilarial infections in the blood of buffaloes and 
recorded the period of their maximum concentration. Soota and 
Chaturvedi (1968) described two new species, Diplotriaena nepalensis 
from Myiophoneus cheruleus and D. mir zapurensis fro~ Acridotheres tristis. 
Soota, Srivastava and Ghosh (1969) studied the Nematode collections 
from Great Nicobar Island and described two new species Ascaridia 
ni"obarensis from Psittacula longicaude nicobarica and Abbreviata indica 
from Bufo sp. They have also recorded two kno\:vn species Tanqua 
tiara (Linstow, 1875) from T'arantls salva tor and 0phiodasca1'is filaria (Duj. 
1845) from Python. 
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ACANTHOCEPHALA 

Datta (1927) recorded Echinorhyuchus sp. from Corvus corax and 
C. splendens. Van Cleave"' (1929) described two new genera Eosentis 
rigidus n.g., n.sp. from Schizothorax t..arudnyi and Filisoma, indicum n.g., 
n.sp. from Scatophagus argus. He also proposed a new family Filisomidae 
to accommodate the new genus Filisoma. This work was made out of 
some acanthocephalan parasites sent to him from Zoological Survey 
of India by Dr. N. Annandale and Dr. B. Prashad. Datta (1932) 
described a new species Centrorhynchus maryasis from Urocissa melanocephala 
occipitalis (Blyth.). Datta (1937) worked out the helminth collections 
of Yale North India Expedition and described four new species Ancan
thocephalus kashmirtnsis from Schizopygopsis stoliczkake, Neoechinorhynchus 
hutchinsoni from Diptychus maculatus, Eosentis devdevi from Schizothorax 
planifrons, and Eosentis yalei from Schizothorax esocinus along with the 
record of some known species. Datta (1937) described the male 
Eosentis rigidis Van Cleave, 1929 from Schizothorax zerudnyi. Datta (1940) 
described a ne",,- genus Mehrarhynchus prashadi from Pangasius pangasius 
and in ·the year 1947 described another new genus Raosentis podderi n.g., 
n.sp. from Mystus cavasius. Datta (1954) added a new species Serrasentis 
chauhani from Psettodes erulnei. Datta and Soota (1954) described two 
new species Centrorhynchus knowlesi from scops owl and C. bengalensis 
from red-backed wood-pecker. Datta and Soota (1954) described a 
new species Acanthocephalus kabulensis from Rana sp. and recorded Centro
rhyuchus cinctus (Rud., 1819) from Ptyas mucosus. Soota and Sen (1956) 
reported a new species A can thosen tis giuris from Glossogobius giuris. Da tta 
and Soota (1962) added two new species Filisoma scatophagusi and F. 
hoogliensis both from Scatophagusi argus. Datta and Soota (1963) des· 
cribed a new species" Neoechinorh::vnchus roonwali and recorded another 
.species Pomphorhynchus kashmirensis both from Orienus sp. Soota, Srivas-
tava and Ghosh (1969) worked out the helminth collection of Great 
Nicobar and described a new species Mediorhynchus cambellensis and 
recorded another species M. armenicum Petrochensko. 
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FIFTY YEARS (1920-1969) OF FAUNISTIC 

SURVEY OF RAJASTHAN (INDIA)* 

By 

P. D. GUPTA 

Desert Regional Station, Zoological Survey of Ittdi,!-, 
Jodhpur 

The political Rajasthan, to which this article is devoted, comprises 
erstwhile princely states. The rulers of most of these states were in
terested in wild-life for the richness of game found.in their areas. Only 
a few of them &ot a survey of faunistic wealth conducted. This, in 
attdition to the extreme climate (arid or semi arid) and vast desert areas, 
seem to"have served as restricting factors to attra.ct the attention of ear
lier zoologists. 

The faunistic survey of Rajasthan \vas done during the past fifty 
years (1920-1969) by institutions which can be grouped in t\"'"O broad 
categories, viz., (i) Zoological Survey of India, and (ii) other orga
nisations. 

I. Surveys conducted b)1 the ZoologiCtzl Survey oj India 

It is a Government 'of India department established in the year 
1916. The Zoological Survey of India started taking interest in Rajas
than (then Rajpootana) since 1941 when. the late Dr. B. N. Chopra 
with Dr. M. L. Roonwal formed the first party to survey the fauna of 
Ajrner, Dungarpur, Jodhpur and Udaipur district. A concerted 
effort to have some comprehensive knowledge of the fauna of this area 
began in i957 when its Director Dr. M. L. Roon\\1al, started sending 
survey parties for specialis<;d collection. Ultimat~ly, the pesert and 
Gangetic Plains Regional Station was established at Jodhpur in 1960. 
Since 1965 the Desert Regional Station has been separated from the 
Gangetic Plains Regional Station established at Patna. Details of the 
surveys so far conducted by the Zoological Survey are given below, 
indicating the leader of. the party, the duration and areas covered by 
each party. Appendix 1 shows the Inain collecting localities vic;ited by 
the Zoological Survey of India parties from 1941-1969. 

*Paper read in the Seminar on "Fifty years of Faunistic survey of India" held at Calcutta 
in May, t969. 
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Records of the Zoological Survey of India 

of survey parties of the Zoological Survey: 

Dr. B. N. Chopra, October-November, 1941, Ajmer, Dun
garpur, Jodhpur and Udaipur districts. 
Shri K. S. Pradhan, Feqruary-March, 1948, Jodhpur, Sirohi, 
and Udaipur dis~ricts. 
Dr. R. Biswas, November, 1956-February, 1957, Bika,ner, 
Churu, Jodhpur, Nagaur and Pali districts. 
Dr. A. K. Mukherji, April-May, 1957,- Ajmer, Jaipur (Sam.-
bhar Lake area) and Nagaur districts. . 
Dr. K. K. Tiwari, December, 1957-February, 1958, Barnier, 
J aisalmer and Jodhpur districts. 
Dr. A. K. Mukherji, November, 1957-January, 1958, Jaipur 
(Sambhar Lake area) and Jodhpur districts. 

Dr. T G. Vazirani, January-July, 1958, Jaipur (Sambhar 
Lake area), and Nagaur districts. 
Dr. A. K. Mukherji, July, 1958, Nagaur (Gudah on Sambhar 
I.lake) district. 
Shri S. Biswas, August, 1958-january, 1959, Nagaur (Gudah 
on Sambhar Lake) distri(,t. 
Shri R. K. Bhatnagar, June-August, 1960, Jodhpur district. 
Dr. B. Biswas, August-November, 1960, Bikaner, Ganganagar, 
Jaisalmer, Jhunjhunu, Nagaur and Sikar districts. 

Shri R. N. Bhargava, February-March, 1961, Barmer, Bundi, 
Jaisalmer, Jalore, Kotah, Pali and Udaipur districts. 
Dr. A. K. Datta, July, November and December, 1961, Pali 
and Udaipur districts. 
Dr. A. K. Datta, January, 1962, Bharatpur district. 
Dr.. K. K. Tiwari, January-February, 1962, Bharatpur 
district. 
Shri K. K. Mahajan, February .. April, 1962, Jaipur (Sambhar 
Lake area) and Jodhpur districts. 
Dr. P. D. Gupta, SeptembeI .. N·ovember, 1962, Barmer, Bika
ner, J aisalmer and Jodhpur districts. 
Shri R. N. Bhargava, June-July, 1963, Alwar, Jaipur, Jalore, 
Jhala\var, Kotah and Sawai Madhopur districts. 
Shri K. K. Mahajan, 1963, Ajmer, Jaipur, Udaipur, Pali, 
Jodhpur and Bikaner districts. 
Dr. V C. Agrawal, March, 1964, Bhilwara, Chittorgarh, 
Dungarpur, Sirohi and Udaipur districts. 
Shri K. K. Mahajan, September-October, 1964, Ajmer, 
Jaisalmer, Jodhpur, Sirohi and Udaipur districts. 

Dr. P. D. Gupta, Septemb~r-November, 1964, Ajmer, Chittor
garh, Kotah, Sirohi and Udaipur districts. 
Shri S. Bis\vas, August-September, 1965, Ajrner, Bhilwara, 
Chi ttorgarh, Kotah, Sirohi and Udaipur districts. 
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24. Shri Bhola Nath, February, ) 966, Kalibangan, Bikaner dist ... 
trict, Prehistoric remains of animals. 

25. Dr. P. D. Gupta, October, 1966, Barmer, Bikaner -and Jaisal
mer districts. 

26. Dr. P. D. Gupta, February, 1969, Alwar, Bharatpur, ]aipur 
and Tonk Districts. 

27 Regular local survey parties of the Desert Regional Station, 
Zoological Survey of India, Jodhpur, 1960-upto date, around 
Jodhpur. 

The resul~s of studies of the material collected by these parties led 
by experts on various groups of animals are in press in a serial.form 
known as "Fauna of Rajasthan, India" (since reading of-this paper a 
number of publications hav~ come out) in the Records of the Zoological 
Survey of Itzdia, volume 61 onwards. 

II. Surveys conducted by other agencies 

Following surveys have been conducted by individuals or organisa
tions. 

1. Shri H. Whistler (1938) studied birds from Marwar ('Nithin 
Jodhpur State) (now Jodhpur district). 

2. FOl est Research Institute, Dehradun under Dr .. M. L. ;Roen
wal, July. September, 1952, Ajmer, Bikaner, Bundi, ]aipur, 
Jodhpur, Kotah_, -Pali and. Sawai Madhopur districts. 

3. Zoology Department, University of Jodhpur, for free living 
and plant parasitic nematodes (1965 ·69). 

4. Zoology Department, University of Rajasthan, then lorated 
at Jodhpur (1955-60) for reptiles and mamnlals of western 
Rajastha.n. 

5. Bomba:, Natural History Society organised tw~ surveys of 
the area (i) Fronl 1911-1929 in connection ~",ith its Mammal 
Survey of India, Burma and Ceylon a.nd (iio

) Fromo 1967 onward 
for migratory birds at Ghana Sanctuary in Bharatpur District. 

6. Agricultural Zoology Department, University of Udaipur (1960. 
64) dealt with mostly insect fauna of Udaipur district. 

7. Zoology Department, Birla Institute of Technology and Science, 
PHani concentrated its efforts for crustacean and ~nsect fauna 
of Pilani in Jhunjhunu District .. 

Jerdon's (1862) account of birds of this area, appears to he the 
pioneer in the field of Rajasthan zoology. Subsequent to _t\dams (1899) 
we find a gradual but spnradicallj increasing nUTI:lber of references on 
the fauna of Rajasthan. Recently Gupta (1968 and in press) has re
viewed the kno"'ledge about faunal composition of this state, and he 
has pointed to the groups of animals which have not yet received any 
attention of zoologists and such other groups which are lesser known 
from the area. 

Impey (1862) was the first author to deal with fossils from this state. 
lie recorde(l a few a~o;nites from Jaisalme.r area. Ouring this period 
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of more than a century further fossils ha.ve been collected and c;tudied 
nlostlv from western distr icts. These fossils belong to Foriminifera, 
Ostra~oda, Mollusca, Brachiopoda, Echinoidea, Decapoda, Pisces, etc. 
A paper by this autt:.or dealing with a systematic list of the known spe
cies along witc. their geographical and geological distribution is in 
pr.ess. 

In order to preserve the coherency of the knowledge about various 
groups of animals, the account of the living fauna is followed by that 
of fossils within each group. 

Since reading of this pape:r a number of publications mentioned 
originally in press have come out. To preserve the originality of text, 
no change has been m2.de in the text and in the list of references but 
such references have be en marked with an asterisk and completed by 
giving full details of the publication. 

1. Protozoa 

~hatia (1936, 38) has reported Ci1iophora and Sporozoa respec ... 
tively then known from the area. Misra (1960) has studied the inci
dence of opalinids in monitor lizard, Varanus monitor Linn., from Bikaner. 
Mahajan (in pre.ss a, "b) has contributed to the knowledge of Sarcodina, 
Flagella ta and Ciliata. 

Fossil Foraminifera from Bikaner district have been studied "by 
Jacob and Sastri (1950), Jacob, Sastri and Sastri (1952), Singh (1951-
57), West (1949), Pascoe (1963) and Bhatia and Khosla (1968). Siddi
quie and Iqbaluddin (1963), Siddiquie and Bahl (1965) and Barooah 
(1946) have recorded a few forms from Barmer district. Chatterji 
(1960), Hoffman (1962), Poddar (1963), Singh (1955), Su bbotina, 
Datta and Srivastava (1960), Khosla (1967) and Pascoe (1963) devoted 
their attention to the Foraminifera from Jaisalmer district. As a result 
of these works more than a doz"~n new species have been described. 

2. Po ,.ifera 

Since Annandale (1911) no further reference is available. How
eVer a few unidentified fossil forms have been reported from Jaisalmer 
by Subbotina, Datta and Srivastava (1960). 

3. Coelenterata 

Unidentified fossil corals were recorded from Kuldhar (Jaisalmer 
district) by I~ubimova, Guha and Mohan (1960). 

4. Bryozoa 

A fossil form, Polypora ampZa has been reported from Bap (Jodhpur 
District) by Shah (1963) and other unidentified forms from J aisalmer 
by Subbotina~ Datta and Srivastava (1960). 
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5. P lalJ}he lminthes 

Trematoda: Gupta & Agrawal (1967) have described Halzpegus 
udaipurensis. Gupta (in press) has studied these parasites from western 
Rajasthan. 

Cestoda: South,vell (1930 a, b) has included some of the species 
found in Rajasthan. Rathore, Mathur and Sankarnarayan (1955) 
have studied cestodes of sheep in Rajasthan. Mukherjee (in press) 
has given an account of these parasites from western Rajasthan. 

6. }{emathelminth~s 

Baylis (1936, 1939). has mentioned many species from this area. 
Rathore, Mathur and Sankarnarayan (1955) have studied nematodes 
from sheep. Prakash and Sharma (1955) reported the mortality of 
hedghogs due to Trichinella sp. at Jodhpur. Recently Johnson (1965, 
66) has studied nematode parasites of animals. Prasad, Mathur and 
Sehgal (1959) reported nematodes causing the Molya disease of wheat 
and barley. Khera (1965-67) has contributed to the knowledge of free 
living nematodes; Tikyani and Khera (1968 a, b), Tikyani Khera & 
Bhatnagar (in press) and Kumar and Khera (in press) have studied 
the nematode parasites of plants. Yadavand Naik (1966) studied the 
nematodes associated with economic plants of south eastern Rajasth.an. 
Nama and Tikyani (1968) have studied nematodes of certain vegetables 
of Jodhpur. 

7. Annelida 

Chaetopoda: A few gpecies of earthworms have been recorded by 
Stephenson (1923). 

Hirudinea: Harding & Moore (1927) have described leeches, from 
Rajasthan. 

A fossil polychaet, Nereites sp. has been recorded from J aisalmer 
by' Gupta, Srivastava and Agrawal (1966). 

8. Arthropoda 

Crustacea 

l.aindberg (1942) has studied crustacea of Jodhpur. Brehm (1951) 
dealt with the fresh water forms. Mathur and Sidhu (1957) reported 
the occurrence cf the genus Apus (Notostraca) from Pilani, Sidhu (1959) 
gave a list of additional forms found near Pilani. 1'iwari (1952) has 
described two new species of the genus Apus from southern Raja~than 
and he (1959 & 1962b) has described certain other aquatic forms. 
Ramakrishna (1951) has reported the occurrence of ParateqJhusa (Bary
telp'husa)..facquemontii Rathburn., from Dungarpur. Baid (1958) reported 
Artemia salina from Sarnbhar la~e. aiswas (it'! press) ha~ studi~d Cla~lo
~era of Rajasthan~ 
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Fossil Ostracoda: Barooah (1946) reported Cyther('is sp. from 
Nagurda in Barmer dist:ict. Jacob and Sastri. (1950) studied these 
forms found in FuJIer's earth a.t Marh near Blkaner. Jacob, Sastry 
and Sastri (1932) reporte~ a few species froln gypsum mines at Jamsar 
in Bikaner district. Lubimova, Guha and Mohan (1960) studied the 
material from ~ fe,v places in Jaisalnler district. Poddar (1963) reported 
a few species from Kuiala formations near Jaisalmer. Subbotina, 
Datta and Srivastava (1960) recorded certain unidentified forms from 
Jaisalmer area. 

F(Jssil Decapoda: Barooah (] 950) and Ka ul (1951) reported certain 
unidentifiable forms from Kapurdi. Prasad (1961) reported Penaeus 
kapurdi and Tiwari (,1963) has described Penaeu~ barmerensis and P. glaess
neri. Goniocypoda rajastlz~l,1zica has been reported from Kapurdi by Glaess
ner and Rao (1960) and Tiwari (1962a). 

Arachnida 

Sharif (1928) studied Ixodidae from this area. Tilak (1964) repor
ted Crossopri za iyoni, a six legged spider from Pilani. Tikada.r (1966) 
has .described three· new species of spiders and reported· the occurrence 
of ten· other species. . 

Insecta 

General: Mathur, Menon .-and Rao (1956) and Baid (1959) have 
studied insect fauna of Pilani. Kundu, Datta Gupta and Gupta (J 961) 
have st-qdied the insect fauna collected with)ight traps at Pilani.. Sri
vastava (1959) has studied insect pests of maize. 

Orthoptera: Dirsh (195"1) reported an injurious grasshopper from 
Ajmer. Venketesh (1968) has given an account of grasshoppers and 
locusts found in Rajasthan. 

Isoptera: Kushwaha (1960 a, b) reported the results of hIs termite 
survey around Udaipur. Roohwal and Bose (1960-69) have given a 
good account of termites of Rajasthan. 

Odonata: Fraser (1921-36) has included material from this area 
along with that of other parts of India. 

Thysanoptera: Beeson (1941) has given some information about 
this group of insects found in Rajasthan. Singh (1950) studied these 
insects from Ajmer. Ananthakrishnan (1954) provides an account of 
Thysanoptera of Ud~ipur. Bhatti -(1962, 67) has described Hyalop
terothrips roonwali and Indothrips blzushani respectively from Jodhpur. 

Hemiptera: KUmar (1959)· reported Urentius species . from Pilani. 
Joseph (1961) studied Sardia rostrata M~lichor from Ajrner and Mt. 
Abu. Behura (1963) while summarizing the kno\vledge of Indian 
aphids has included those from Rajasthan. Srivastava and Vaish 
(1964) have reported Hemaspidoproctus cinereus Green, a coccid pest of 
guava from Ajmer, Jaipur and Bharatpur districts. 

Lepidoptera: Bell (1909-25) has dealt in detail with the butterflies 
of India includin~ those from Rajasthan, l3ell and Scott (1937) hav~ 
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similarly dealt with the moths. Macpherson (1927) has described 
butterflies of Jodhpur and Mt. Abu. Talbot (1939, 47) has again in
cluded butterflies of this area. Srivastava (1958) reported a new cut
worm pest of potato. Kushwaha (1960) has given an account of Ie pi do
pteran fauna of Udaipur. Mathur and Chempakvalli (1961) studied 
the butterflies of Pilani. Kushwaha, Sharma and Sharma (1964) re
corded the occurrence of Chlumetia transveras Walker (Noctuidae) a pest 
of mango at Udaipur. 

Coleoptera: Acharya (1938) studied the distribution of Sternocera 
nit~dicolis (Fam. Bupoestidae) from Mt. Abu, in Rajasthan and Gujarat. 
Vazirani (1958) reported a few species belonging to family G~ynidae. 
Kushwaha and Sharma (1961) have studied beetle predators of Udaipur. 
Srivastava (1961) reported the Lucerne Weevil, Hypera variahilis (Hbst.) 
from south-eastern Rajasthan. Recently, Vazirani (1969 & in press) 
has studied Dytiscidae beetle fauna of this State. Kapur and Bhaunlick 
(1966) have recorded four species of ladybird beetles one of which is a 
new record from Indian region. 

Hymenoptera:- The available references of this group of insects from 
Rajasthan deal with the period earlier to that under review. 

DilJtera: The volumes on "Fauna of British India" by Brunetti (1920, 
23) on Brachycera, and Pipunculidae, Syrphidae, etc., Christophers 
(1933) on Anophelini, and, White, Aubertin and Slnart (1940) on 
Calliphoridae include the material then known from Rajasthan. 

9. Echinodermata 

Fossil Asteroidea: An unidentified form has been reported from 
Ramgarh by Gupta, Agrawal an~ Srivastava (1967). 

Fossil Echinoidea: The echinoids of J aisalmer have been studied by 
Singh (1955), Sahni and Bhatnagar (1958) and Hoffman (1963). Gee 
(1931), West (1949) and Pascoe (1959) have reported a few species from 
Marh in Bikaner District. Unidentified forms have been recorded 
from Kapurdi (District BarnIer) by Ghosh (1952) and Ti"vari (1962a). 

Fossil Crinoidea: Shah (1963) has reported unidentified crinoid 
stems from Bap. . 

Fossil Hotothuroidea: Unidentified spines were recorded from Jaisai .. 
mer by Subbotina, Datta and Srivastava (1960). 

10. MoUusca 

Gude (1921) has included the material from this state. Recently 
Ray and Mukherjee (in press) have studied th.e molluscs of the area. 

Fossil l.lollusca: Gastropoda have been studied from Bap (Shah, 
1963), Dholpur (Pascoe, 1963), and Jaisalmer district by (Hoffman, 
1963 and Misra, Srivastava 'and Jain (1961); and from Marh by West 
(1949) . Lamellibranchia have been studied from Bikaner district by 
West (1949); from Barmer district by Barooah (1946), Siddiquie and 
Iqbaluddin (1963), Siddiquie and Bahl (1965) and Tiw~ri .(1966); from 
Jaisalmer district by Pascoe (1959) and from Dholpur dIstrIct by Pascoe 
(1963) . 
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Cephalopoda have been studied from Jaisalmer district by Hoff
man (1963), Pascoe (1959), Richter-Bernberg and Schott (1963), Spath 
(1933), Sahni and Bhatnagar (1958). A singie record of Dentalium 
sp. of Scaphopoda is available from Marh (West, 1949). 

11. Brachiopoda 

They are kno\.yn only through fossils from J aisalmer district and 
have been studied by Hoffman (1963), Sahni and Bhatnagar (1955, 58) 
and Pascoe (1959). 

12. Chordata 

12a. Pisces 

Hora and Mathur (1952) studied the Palaeo-geographical features 
of Rajasthan as evidenced by the distribution of fishes. Mathur (1952) 
contributed to the knowledge of fishes of southern Rajasthan. Krishna 
and Menon (1958) reported eleven species from Jodhpur. Datta Gupta 
et ale (1961) studied fishes from lakes of this state. . Moona (1962) repor
ted 22 species fronl Bharatpur district. Datta and Majumdar (in press) 
have studied the fishes of 'Rajasthan. Mathur and Yazdani (in press) 
have described Noemacheilus rajasthanicus a new species of loach from 
Jodhpur, and they have separately (in press) recorded Aplocheilus blochi 
(Arnold). Yazdani and Bhargava (in press) have reported Aphanius 
dispar (Ruppell) from Jodhpur district. 

Fishes are the highest fossilised organism known mostly through 
unidentified forms rep~rted by Barrooah (1950), Glaessner and Rao 
(1960j, Kaul (1951), and White (1952). Thvari (1969) has described 
Kapurdia bhargavai from Fuller's earth of Kapurdi in Barmer district. 

12b. Amphibia 

McCann (1932) reported some of the Amphibia from this area. 
Recently Mansukhani, and :rvIurthi (in press) reported altogether eight 
species found in Rajasthan. 

12c. Reptilia 

Wall (1922) reported the occurrence of Amb{ycephalus monticela 
near Jaipur and in (1923-25) gave a hand list 0f snakes including those 
found in Rajasthan. Krishna and Dave (1956-61) have dealt "vith 
the distribution of r~ptiles found in desert areas of this state. 
Sunder Sing}:, (1960) studied Ophidia of Pilani. 

12d. Aves 

Stables (1923) reported Anas platvrhYllclt.J,. Home (1926) recorded 
A1las brachyrltynchus and A. boscas fl'omJaipur. Prater (1926) reported 
Pallas' Sandgrouse, Syrrhaptes parJdoxyurus fcom Bikaner. Simmons 
(1930) observed pied crested cuckoo, CocC)'stes jacobinus at Ajmer. Acharya 
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(1931) reported Clanlaior Jacobinus Boddaert from northern Gujara t 
and Rajasthan. Briggs (1932) observed Tchitrea paradisi. Singh (1933) 
recorded Great Crested Grebe, Podiceps c. cristatus from Bikaner. Whistler 
(1938) reported the results of an Ornithological Survey of Jodhpur 
State. 

Lo,vther (1942-44) has studied some birds found in U.P. and 
Rajasthan. The Private Secretary to His Highness the Maharaja of 
~ikaner {1946) reported Anser fabilis Barllon from Bikaner. Battye 
(1947) recoraed Falco jugger Gray frem Mt. Abu. Simmons (1948) re·· 
ported the occurrence of Cuckoo-shrike, Lalage sykesii from Mt. Abu 
and Ajmer. Biswas (1949) nas studied birds of southern Rajasthan. 
ShivraJakumar (1949) reported wt)odcock, Scolopax rusticola Linn. from 
Mt. Abu. Grubh, Panday and Shekar (1968a, b) reported Halcyonpileata 
and Greywinged Blackbird, Turdiis boulhoul from Bharatpur. Grubh 
(1968) has extended the distribution of Greyheaded Lap'Ning, Vanellus 
cincreus (Blyth) to Rajasthan. 

12e. MamTllalia 

Thomas. (1923) studied mongoose and rats of the area. Livesay 
(1922) reported a lion being shot near Kotah. Lindsay (1929) has 
given the results of his studies on the shrews collected by Mamm,,1 Sur
vey of India parties. 

Pocock (1936, 37, 40) dealt with foxes, mongoose and otters res
pectively from this area. Singh l1946) reported the occurrence of 
an albino boar from IJdaipur. Krishna and Praka~h (1955) studied 
distribution of hedgehogs. Gee (1958) has studied 'wild' ca.ttie of 
Bharatpur. Prakash (1958) dealt with extinct and vanishing mammals 
of Rajasthan and problems of their preservation. Prakash (1960, 63a, 
63b) dealt with the systematic~ and zoogeography of mammalian 
fauna of this area. 

Recently Gupta and Agrawal (1966) reported Indian hairy-footed 
gerbill, Gerbillus gleadowi Murray from Kolayat, Sikar and Jodhpur. 
Agrawal (1967) has recorded Rattus (Millardia) gleadowi (Murray) apd 
Pipistrellus dormeri caurinus (Thomas) from Jodhpur. Prakash and Jain 
(1967) reported occurrence of Rattus meltada Gray and Gerbillds daJyulus 
from Jodhpur. Biswas and Ghosh (1968) have recorded Pipistrellus 
mimus mimus Wroughtcn and Herpestes edwardsi nyula Hodson from this 
State. 

CONCLUSION 

A review of the literature reveals two types of faunistic surveys 
which need attention of "vork~rs on the fauna of·Rajasthan. T'he first 
category is of those groups of animals like 'Turbellaria, Monogenetic 
Trematodes, Acanthocephala, Acarina, Myriapoda and certain orders 
of Insecta such as Mallophaga, Collembola, etc., which have remained 
untouched so far. These animals need immediate attention of :zoolo
gists. The second category of animals includes such groups like mam
mals·, fishes, reptiles, helminths (digenetic trematodes, cestodes and 
nematodes) etc., which have been studied from parts of 'this State but 
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in order to have a complete picture about the group they should be 
studied from areas bordering other states. This type of work is likely 
to reveal the richness of the variety existing in various ecological regions 
of Rajasthan \vhich has terrains ranging, from desert in western parts 
to hilly and forest areas in southern and south eastern parts. The 
eastern districts forming the catchment areas of River Yamuna form 
an ecological area of their own. 

Also there is a pos~ibl1ity of getting interesting results from the 
survey of fauna existing in deep-wells \vith water level at depths of 
80-150 metres. Such wells are found in western districts of Barmer~ 
Bikaner and Jaisalmer. Exif.tence of aquatic life has been confirmed' 
by this author (unpublished). 

Attention has also been invited of palaeontologists to the lesser 
known fossil animai groups like Bryozoa, Coelenterata, Echinodermata 
and Pisces. A detailed study of these forms should reveal information 
which could be interesting to both the palaeontologists and the zoolo
gists. 
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ApPENDIX I 

Lis t of main locali ties surveyed by the Zoological Survey of India 
parties (1941 1969). 

Sl. Approximate Approximate 
No. Collecting station latitude longitude 

(N.) (E.) 

1. AJMER DISTRICT 

1. Ajmer 26°27' 74°42' 

2. Anasagar Lake, Ajmer 26°25' 74°35' 

3. Bir Tank 26°24' 74°44' 

4. Danta Forest 26°20' 74°40' 

5. Kishangarh 26°35' 74°50' 

6. Motisar 26°28' 74°31' 

7. Nasirabad 26°11' 74°28' 

8. Panch Kund 26°29' 74°34' 

9. Pushkar 26°32' 74°35' 

10. Rajosi 26°20' 74°40' 

11. Raoli 25°46' 73°59' 

12. Sanod Tank 26°17' 74°50' 

2. ALWAR DISTRICT 

13. Agyarah Dam 27°31' 76°45' 

14. Alwar 27°34' 76°36' 

15. Bedkesharpur 27°10' 76°38' 

16. Jaisamand 27°25' 76°36' 

17. Jeysagar 27°10' 76°36' 

18. Mansarovar 27°1~' 76°36' 

19. Sariska 27°24' 76°24' 

20. Siliserh 27°25' 76°36' 

3. BARMER DISTRICT 

21. Balasar 26°07' 71 °08' 

22. Balotra 25°50' 72°15' 

23. Barmef ~5°t~' 7.0 2a' 
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Sl. Approximate Approximate 
No. Collecting station latitude longitude 

. (N.) (E.) 

24. Bhap Tank 25°51' 71 °26' 

25. Bisu 26°18' 71 °21' 

26. Datani Village 25°48' 70°46' 

27. Gadra Road 25°45' 70°35' 

28. Jhalon Forest 25°50' 70°45' 

29. Kapurdi 25°50' 71 °20' 

30. Luni River (Near Balotra) 25°45' 72°15' 

31. Neemla 26°03' 71°20' 

32. Pachpadra Salt Depot 25°55' 72°20' 

33. Ranasar 25°50' 70°44' 

34. Sura 25°55' 71 °05' 

35. Tamlor 25°44' 70°33' 

36. Uttarlai 25°45' 71 °25' 

4. BHARATPUR DISTRICT 

37. Badalgarh 26°52' 77°15' 

38. Baretha 26°54' 77°22' 

39. Bharatpur (Ghana Sanctuary) 27°15' 77°27' 

40. Dig Fort 27°27' 77°20' 

41. Gundgaon 27°42' 77°14' 

42. Kherli village 27°00' 77° 15' 

43. Nekpur Head 27°06' 77°24' 

44. Seola Head Works on River Gambhir 26°59' 77°22' 

45. Sheetla 27°39' 77°15' 

5. BHILWARA DISTRICT 

46. Pandalor~andalTank 25°25' 74°34' 

6. BIKANER DISTRICT 

47. Bikaner 28°01' 73°22' 

48. Gajner 27°55' 73°04' 

49. Jhajju 27°46' 73°00' 

50. Jorbir 27°58' 73°14' 

51. 'Khans' West of Bikaner 28°06' 73°14' 
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Sl. Approximate Approximate 
No. Collecting station latitude longitude 

(N.) (E.) 

52. K.h.etolai 27°44' 72°55' 

53. Kodamdesar 28°00' 73°05' 

54. Kolayat 27°50' 72°58' 

55. Marh 27°52' 72°57' 

56. Nayagaon 27°58' 72°57' 

57. Pal ana 27°50' 73°15' 

58. Pugal 28°30' 72°48' 

59. Siasar 28°35' 72°34~ 

60. Sobasar 28°08' 73°10' 

7. BUNDI DISTRICT 

61. Bardah-ka-Talab 25°20' 75°40' 

62. Bundi 25°27' 75°41' 

63. Khatkar 25°34' 75°46' 

64. Phulsagar 25°25' 75°55' 

8. CHITTORGARH DISTRICT 

65. Berach River 24°50' 74°37' 

66. Chittorgarh 25°00' 74°45' 

67. Chittorgarh RIy. Station 24°53' 74°37' 

68. Confluence of R. Berach & R. Gambhiri 24°55' 74°38' 

69. Gambhiri River South of Fort 24°51' 74°39' 

70. Manpura 24°51' 74°27' 

71. Zalimpura 24°481- 74°38' 

9. CHURU DISTRICT 

72. Churu 28° 11' ,75°06' 

73. Hudera RIy. Station 28°00' 74°35' 

74. Rattangarh Rly. Station 28°07' 74°35' 

75. Sardarshahar 28°30' 74°29' 

76. Taranagar town 28°40' 75°02' 

10. DUNGARPUR DISTRICT 

77. Dungarpur 23°50' 73°40' 

78. Som River 24°00' 73°40' 
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Sl. Approximate Approximate 
No. Collecting Station latitutU longitude 

(N.) (E.) 

11. GANGANAGAR DISTRICT 

79. Asarjana 29°10' 74°38' 

80. Badbirana 29°08' 74°53' 

81. Deidas 29°16' 74°41' 

82. Diplana 29°11' 74°53' 

83. Guria 29°18' 74°54' 

84. Kishanpura 29°19' 73°58' 

85. Nohar 29°11' 74°46' 

86. Padampura 29° 18' 74°56' 

87. Rangmahal 29°21' 73°58' 

88. Sardarpurabas 29°10' 74°48' 

89. Suratgarh 29°19' 73°54' 

90. Surpura 29°05' 74°50' 

12. JAIPUR DISTRICT 

91. Achnol forest 27°05' 75°52' 

92. Asalpur Dam 26°52' 75°26' 

93. Bagru 26°50' 75°32' 

94. Bahadurpur 26°52' 75°16' . 

95. Chittoli Bund 27°42' 76°10' 

96. Dausa 26°55' 75°20' 

97. Devdyani 26°55' 75°13' 

98. Dudu 26°40' 75°10' 

99. Galta 27°00' 75°52' 

100. Gudha near Sambhar lake 26°55' 75°25' 

101. Jaipur and vicinity 26°55' 75°52' 

102. Jamwa Ramgarh 27°10' 76°05' 

103. Kotputli-ka-Talao 27°42' 76°12' 

104. Kukus 27°03' 75°55' 

105. Lihorana 27°02' 75°25' 

106. Manobarpur 27°18' 75°57' 

107 .• Naraina village 26°45' 75°10' 
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Sl. Appro~imate Appro~ima'e 
No. Collecting Station latitude ~tude 

(N.) ( .) 

108. Padasauli 26°35' 76°20' 

109. Phulera 26°52' 75°16' 

110. Sambhar 26°54' 75°13' 

13. JAISALMER DISTRICT 

Ill. Badebagh 26°55' 71°00' 

112. Balana 27°15' 71°20' 

113. Biprasar 27°18' 70°30' 

114. Devikot 27°42' 71°12' 

115. Geodesar or J aidesar 27°16' 70°32' 

116. J aisalmer and vicinity 26°55' 70°57' 

117. Jedbaisar 26°54' 71°10' 

118. Josirasar 26°.55' 71°00' 

119. Khejadi area 27°29' 70°22' 

120. Madanganj 27°55' 70°35' 

121. Mohangarh 27°20' 71 °15' 

122. Mulasagar 26°55' 70°50' 

123. Nokh 27°33' 72°15' 

124. Pariwar 27°12' 70°40' 

125. Pokaran 26°55' 71°56' 

126. Rama 26°33' 71°00' 

127. Ramgarh 27°23' 70°30' 

128. Sanu 27°13' 70°35' 

14. JALORE DISTRICT 

129. ,Dadli-ka-Talao 25°00' 72°16' 

130. Jalore town 25°22' 72°58' 

131. J aswantpura 24°50' 72°15' 

132. Sagi River 24°50' 72°15' 

15. JHALAWAR DISTRICT 

133. Ahu River 24°20' 76°05' 

134. AkIera 24°20' 76°30' 
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Sl. Approximate Approximate 
No. Collectinl Station latitude longitude 

(N.) (E.) 

135. Chandra Sarovar 24°36' 76°10' 

136. Gaduli Talai (Tank) 24°40' 76°30' 

137. Gomti Sagar 24°34' 76°10' 

138. Mudlia Kheri (Jhalrapatan) 24°32' 76°10' 

139. Shcrgarh 24°40' 76°30' 

140. Suncl 24°20' 76°05' 

16. JHUNjHUNU DISTRICT 

141. Alsisar 28°19' 75°18' 

142. Bagar 28°11' 75°30' 

143. Basni 28°14' 75°20' 

144. Desusar 28°12' 75°28' 

145. Jhunjhunu 28°06' 75°24' 

146. Malsidar 28°21' 75°18' 

147. Mandawa 28°03' 75°09' 

148. Pura-ki-Dhani 28°05' 75°22' 

17. JODHPUR DISTRICT 

149. Agolai 26°15' 72°35' 

150. Akhrajji-ka-Talab 26°15' 72°53' 

151. Balsamand 26°18' 73°04' 

152. Bariganga (Beriganga) 26°25' 73°04' 

153. Barli Tank 26°26' 72°55' 

154. Basni village 26°18' 72°50' 

155. Bisalpur Dam 26°18' 73°27' 

156. Bishalpur 26°10' 73°15' 

157. Hanwant village 26°15' 72°48' 

158. Jodhpur and vicinity 26° 18' 73°04' 

159. Kaylana Desert Afforestation 
Demonstration Station 26°15' 72°45' 

160. Kaylana Desert Control 
Demonstration Station 26°18' 72°59' 

161. Khokhra village 26°28' 73°05' 

J~~. Kolq 26°56' 72°17' 
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St. Appro~imate Appro~imate 

No. Collecting Stat,~on ialitJule longitude 
(N.) (E.) 

163. Kutri Bhensar 26°24' 72°41' 

164. Loridi village 26°22' 72°53' 

165. Luni 26°18' 72°38' 

166. Mataji-ki-Bhakari 25°58' 73~04' 

167. Nandri village 26°15' 73°05' 

168. Nettra 26°20' 73°15' 

169. Phalodi 27°09' 72°24' 

170. Pipar city 26°34' 73°10' 

171. Pi par Road village 26°34' 73°04' 

172. Ranisar 27°13' 72°43' 

18. KOTAH DISTRICT 

1.73. Alani tank 25°00' 75°03' 

174. Chitenpur (Forest School) 25°05' 75°52' 

175. Chambal Barage 25°12' 75°51' 

176. Dadhdevi 25°03' 75°55' 

177. Darah 24°49' 76°02' 

178. Jagupura 24°55' 76°35' 

179. Kolipura 24°55' 75°40' 

180. Kotah Town 25°10' 75°52' 

181. Mandana 24°56' 75°55' 

182. Morak 24°45' 75°55' 

183. Palaita 25°05' 76°10' 

184. Umedganj 25°05' 75°55' 

19. NAGAUR DISTRICT 

185. Balaia 27°03' 73°40' 

186. Barni 27°11' 73°37' 

187. Bhakrod 27°03' 73°36' 

188. Chhapparwara (37 km.S. ofSambhar) 26°55' 75°02' 

189. Didia 27°07' 73°55' 

190. Gogolai 27°15' 73°39' 



GUPTA: Fifty Tears ( 1920-1969) of Faunistic Survey of Rajasthan 411 

St. Approximate Approximate 
No. Collecting Station latitud8 longitude 

(N.) (E.) 

191. Gurha 27°13' 73°29' 

192. Harsnath 27°03' 75°12' 

193. Imirti 27°06' 73°39' 

194. Merta city 26°35' 74°06' 

195. Nagaur 27° II' 73°41' 

196. Nandana Nadi 27°00' 75°00' 

197. Parli 27°03' 73°38' 

198. Rol Quazian 27°09' 73°56' 

199. Sanodia 26°55' 74°55' 

200. Sarau 27°15' 73°44' 

201. Singar 27°13' 73°37' 

20. PALl DISTRICT 

202. Aravalli Hills base ca. 12 km. from Sadri 25°04' 73°25' 

203. Awa village 25°45' 73°50' 

204. Erinpura 25°29' 73°04' 

205. Falna 25°10' 73°10' 

206. Marwar 25°45' 73°38' 

207. Pali 25°46' 73°25' 

208. Phulad Rly. Station 25°35' 73°48' 

209. Pipli 25°55' 73°45' 

210. Sadri and vicinity 25°10' 73°25' 

211. Saran village 25°29' 73°47' 

212. Sardar Samand 25°54' 73°25' 

21. SAWAI MADHOPUR DISTRICT 

213. Bhagwatigarh Bund 25°58' 76°23' 

214. Hindaun 26°45' 77°02' 

215. Karauli 26°30' 77°02' 

.216. MuiBund 26°00' 76°23' 

217. Sawai Madhopur 25°58' 76°30' 

218. Srimahabirji 26°40' 76°55' 

219. SurwalBuncl 26°00' 76°21' 
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St. Approximate Approximate 
No. Collecting Station latitude longitude 

(N.) (E.) 

22. SIKAR DISTRICT 

220. Chokha-ka-Bas 27°29' 75°08' 

221. Dadhia 27°35' 75°14' 

222. Gotera 27°44' 75°10' 

223. Gungara 27°41' 75°17' 

224. Kadma-ka-Bar 27°30' 75°08' 

225. Kasli 27°33' 75°10' 

226. Khori 27°31' 75°04' 

227. Molasi 27°36' 75°00' 

228. Mundaora 27°29' 75°05' 

229. Phagalwa 27°38' 74°59' 

230. Piprali 27°38' 7~016' 

231. Puran Bari 27°31' 75°06' 

232. Puran Chhoti 27°31' 75°05' 

233. Purat-ki-Dhani 27°38' 75°18' 

234. Rashidpur~ 27°43' 75°05' 

235. Sikar and vicinity 27°38' 75°08' 

23. SIROHI DISTRICT 

236. Achalgarh 24°38' 72°46' 

237. Akrabhatta 24°31' 72°48' 

238. Anadra Point 24°38' 72°39' 

239. Mount Abu 24°35' 72°45' 

240. Nakki Lake 24°34' 72°42' 

24. TONK DISTRICT 

241. Banas River (near Tonk) 26°11' 75°52' 

25. UDAIPUR DISTRICT 

242. Balicha 24°20' 73°40' 

243. Banas River near Nathdwara 24°57' 73°49' 

244. Barapal village 24°20' 73°35' 

245. Bhupalsagar 24°35' 7~oiQ' 
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SI. Approximate Appro~imate 
No. Collecting Station latitude longitude 

(N.) (E.) 

246. Dewali 24°36' 73°38' 

247. Fatehsagar 24°35' 73°35' 

248. Game Sanctuary near Jaisamand 24°55' 73°35' 

249. J ogmande Jharna 25°35' 74°00' 

250. Kotra 24°22' 73°13' 

251. Madri 24°30' 73°40' 

252. Nethala Tank 24°54' 73°42' 

253. Parshad 24°12' 73°43' 

254. Udaipur 24°35' 73°42' 

255. Vithal Niwas 25°05' 73°50' 

256. Madar Tank 24°40' 73°37' 
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TWO' NEW SPECIES OF APHIDIIDAE 

(HYMENOPTERA) FROM INDIA 

By 

SHUJA-UDDIN 

Entomology Section, Zoology Depart1nent, 

Aligarh ... o/!uslirn Unil'ersity, Aligat"h, India. 

(With 1 Text-figure) 

Genus: Lysiphlebia Stary' & Schlinger. 

The genus Lysiphlebia \vas erected by Stary' & Schlinger (1967) for 
the reception of Lysiphlebia japonica (Ash~ead), \vhich was previously 
in the genns Lysiphlebtls Forster. Lysiphlebia differs from Lysiphlebus 
for having the propodeum completely areolated and strongly declivous 
in its lower part and also in the structure of the petiole. The genus is 
reported for the first time from India and a new species is described. 
Key to the species given by Stary' & Schlinger (1967) is also revised to 
accommoda te the ne\v species. 

Revised key to the species of the genlls Lysiphlebia based OJ! females 

I-Metacarp (R1) and pterostigma subequal. Propodeum with a distinct mid
longitudinal carina. Petiole coarsely rugose with a central longitudinal 
carina. .2. 

-Metacarp (R1 ) distinctly longer than pterostigma. Propodeum without 
mid-longitudinal carina. Petiole smooth without central longitudinal 
carina. . L. mirzai n.sp. 

2-Distance between spiracular tubercle and apex of petiole 1/2 times more than 
width at spiracles. . L. japonica (Ashmead) 

-Distance between spiracular tubercle and apex of petiole a little shorter than 

Female 

width at spiracles. . L. rugosa Stary' & Schliriger. 

Lysiphlebia mirzai n.sp.l 

(Text-fig. I, 1-5) 

Head.-Brown excepting Iniddle of frons, posterior of occiput and 
facia which are yellowish brown; clypeus and palpi yellow; transverse, 
smooth, hairy, wider than thorax \.yidth at tegulae (0.442: 0.314 IIlm); 
occiput margined; temple 1/4 narrower than eye \vidth (0.128: 
0.171 mm), equal to clypco-antennal line; inter-ocular line as long 
as facial line, distinctly longer than. transfacial line (0~30: 0.228 mm) ; 

1 This species is named after Prof. M. B. Mirza, formerly Head, Department of 
Zoology, Aligarh Muslim University, Aligarh, India. 
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transfacial line 1/2 head width; socket-ocular line shorter than socket 
diameter (0.042: 0.071 mm); malar space 1/3 of eye length (0.071: 
0.20 mm), as wide as Inandible ,vidth; tentorio-ocular line shorter than 
intertentorial line (0.074: 0.096 'rom);' ocular-ocellar line2 (OOL): 
post-ocellar Iin~3 (POL)_: ant-qcellar li_ne4 (AOL) = 9: 6: 4,; eyes large, 
-prominent, oval, bare and sonlewhat convergent towards clypeus; 
clypeus oval with 10 long hairs. 

Antennae.-Scape, pedicel, annellus and underside of first and 
second flagellar segments yellow, rest brown; 1.28 mm long; 13-14 
segmented; first and second flagellar segments subequal, each two and 
a half times longer than ,vide; apical segnlent longer than penultimate 
segment (0.151: 0.092 mm). 

Thorax.-Prothorax yello,vish, mesoscutum brown or yellow in 
the later condition with one bro,vn spot in each parapsis and another 
on scutal portion between parapside; tegulae, mesonotal furrow, axillae, 
anterolateral margins of mesoscutellunl and propodeum yellowish, 
rest brown; parapsidal furrows distinct anteriorly, slightly crenulate, 
effaced on disc; propodeum (Text-fig. 1, 5) areolated, strongly declivous 
behind lateral carinae mid-longitudinal carina absent. 

Fore wings (Text-fig. 1, 1) .--Hyaline; less than three times longer 
than wide (1.542: 0.557 mm); venation brown except 2r-m; pterostigma 
yellowish in the lniddle, four titnes as long as wide, shorter than meta
carp JR1) (0.357: 0.457 mln); r & Rs shorter than ptero.:;tigma; 2r-m 
1/4 of r & Rs (0.071: 0.285 mm). 

Hind wings.-·Hyaline; slightly more than five times as long as 
wide (1.140: 0.214 mm); venation brown; marginaJ fringe 1/3 wing 
width (0.071: 0.214 mm). 

Legs.-Y.ellow, tarsal segments yellowish brown. 

Abdomen.-Brown excepting petiole and anterior end of third 
tergum which are yellow, apex of abdomen brownish black; lanceolate; 
petiole (Text-fig. 1, 2) two times longer than wide at apex, slightly 
more than t,vice as long as wide at spiracular tubercles; distance bet
ween -spiracular tubercle and apex of petiole about 1/6 longer than 
width at spiracles; post-petiolar terga smooth, sparsely hairy; external 
genitaHa (Text-fig. 1, 3) black, third valvulae (Text-fig. 1, 4) \vith 
straight dorsal margin and 7 pegs at its tip. 

Length.-l.88 mm. 

Male.--Resembles female except in the foll<)wing characters: 
Antennae 14-15 segmented; coloration dark brown. 

Holotype 9, paratypes, 7599, 250"0", INDIA: Uttar Pradesh, 
Meerut, ex. Longiunguis sacchari (Zehnt.) on Saccharum officinarum L., 
25.11.1968 (Shuja-uddin). Types deposited in the Zoological Museum, 
Aligarh Muslim University, Aligarh. 

2 Distance from the oute~ edge of a lateral ocellus to the compound eye. 
3 Distance between the inner edges of the two lateral ocelli. 
4 Distance between the inner edges of anterior and lateral ocellus. 



O·2mm. 
5 

0·2 mm. 

10 

9 I 
• ",'" co:: 

0.1 mm· 

0.1 mm. 

Text-fig. 1-10. (1-5) Lysiphkbia mirzai n.sp. ~, (l) Fore wing, (2) Petiole, (3) Ex
ternal genitalia, (4) Third valvula, (5) Propodeum; (6 .. 10) Trioxys (Betuloxys) inter
medius n.sp. Cl. (6) Fore wing, (7) Propodeum1 (8) External genitalia~ (9) Prong of 
the subgenital plate, (10) Petiole. 
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Genus: Trioxys Haliday. 

Subgenus: Betuloxys Mackauer. 

The subgenus Betuloxys was raised by Mackauer (1960) to accommo
date Trioxys (Betuloxys) compressicornis Ruthe, for having (1) the prongs 
of the subgenital plate \vith a knee-bend in the middle and well deve
loped bristles, and (2) petiole parallel sided without spiracular tubercles. 
The present author, however, considers the second character as non
persistent. Two more species, namely, T~'ioxys (Betuloxys) affinis Mac
kauer, and Trioxys (Betulvxys) hortorum Stary' were added to it. Trioxys 
(Bctuloxys) intennedius n. sp. was reared from the aphids infesting Gen
t;,turea iberica (Trevir) (Star thistle). This is the first record of the 
subgenus from India. A key to the species of the subgenus Betuloxys is 
proposed. 

K~y to the species of the subgenus Betuloxys based on females 

I-Prongs of the subgenital plate distinctly curved upwards before knee-bend .. 2 
-Prongs of the subgenital plate straight upto knee-bend. .3 

2-Propodeum with complete pentagonal areola. Petiole's width at spiracles 
distinctly greater than width at posterior end. T (B.) 
affinis Mackauer. 

-Propodeum without areola. Petiole's width at spiracles slightly shorter than 
width at posterior end. T (B.) compressicornis Ruthe. 

3-Metacarp (R1 ) distinctly shorter than r & Rs. Propodeum with complete 
pentagonal areola. Length of post knee-bend portion of prong two 
times greater than widfh of knee-bend. T (B.) hortorum Stary'. 

-Metacarp (Rl) subequal to r & Rs. Propodeum without areola. Length 
of post knee-bend portion of prong six: and a half times greater than 
width of knee-bend. T (B.) intermedius n.sp. 

Felnate 

Trioxys (Betuloxys) intermediu$ n.sp. 

(Text-fig. 1, 6.10) 

Head.-Dark brown, facia yellowish brown, malar space, clypeus 
and palpi yellow; transverse, rugulose, sparsely hairy; ",'ider than width 
of thorax at tegulae (0.385: 0.271 mm); occiput margined; inter-ocular 
line almost one and a half times longer than transfacial line (0.228 : 
0.142 mm), shorter than facial line (0.228: 0.271 mm); tentorio-ocular 
line 1/6-1/7 of intertentorial line; socket-ocular almost 1/2 socket dia
lneter; inter-socket line somewhat longer than socket-ocular line (O.~37: 
0.029 mm); OOL: POL: AOL = 8: 4.5: 3.5; eyes large, oval, bttlglng, 
strongly convergent towards clypeus, sparsely hairy; clypeus oval, con
vex, smooth with 8 long hairs; mandibles width equal to inter tentorial 
line, nearly 1/2 of clypeoantennal line (0.071: 0.128 mm). 

Antennae.-Scape, pedicel, annellus, first flagellar segment yellow, 
second segment yellowish bro\vn, rest flagellar segnlents bro\vn and 
thickened; length 1.285 mm.; 12 segmented; reaching upto base of 
fifth tergum; first flagellar segment somewhat longer than second seg
ment (0.114: 0.10S mm), eacQ fO\lT ftnQ a half times lon~er than wide i 
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flagellar segments 3-7 almost three tinles longer than wide; flagellar 
segments 8 & 9 alnlost two and a half times long~r than wide' apical 
segment pointed, four times longer than "vide. ' 

Thorax.--Dark brown, prothol'ax and mesosternum yellowish, 
propodeuln and mcsopleura brown; nlesoscutum falling vertically to 
prothorax somewhat covering it dorsally; sparsely hairy anteriorly, 
along margins and effaced parapsidal furro',,"s on disc; parapsidal 
furro\vs distinct and crenulate anteriorly, effaced on disc; propodeum 
(Text-fig. 1, 7) with few rugosities and two seluicircular carinae in the 
lower haJf. 

I .. e .. l!s.---Yellow, pretarsi yellowish brown. 

Fore zvin,gs (Text.-fig. 1, 6).-Hyaline; almost two and a half times 
longer than wide (1.428:0.514 mm); venation brown; pterostigma 
yello\vish'in the middle, three times longer than \vide; metacarp (R1) 

shorter than ptcrostigma (0.257: 0.30 mm) and almost as long as r & l{s. 

Hind willgs.-Hyaline; almost five times longer than wide (1.071: 
0.20 mm); Inarginal fringe 1/3 wing width . 

. Abdolnell.-Brovvn excepting petiole, anterior and postero-lateral 
margins of third tergum and terga 8 & 9 which are yellowish; lanceola te ; 
petiole (Text-fig. 1, 10) smooth, sparsely hairy, one and a half times 
longer than wide at spiracles, ",·idth at spiracles equai to the distance 
between spiracle and posterior end; external genitalia (Text-fig. 1, 8) 
y~llowish brown, subgenital plate vvith prong-s yello'W"ish; length of post 
knee-bend portion of prongs six and a half times greater than width of 
knee-ben; (Text.fig. 1, 9). 

Length.-1.84 mm. 

Male.--Resembles female except in the following- characters: 
Antennae 14 segmented; coloration darker than in the female. 

Holotype~, paratypes, 12~~, 6a'a', INDIA: Kashmir, Sopore, 
Wadoora, ex. green aphids on Centaurea iberica, 12.9.1969. (Shuja .. 
uddin). Types deposited in the Zoological Museunl, i\ligarh lViuslim 
University, Aligarh. 

SUMMARY 

The genus Lysiphlehia Stary' & Schlinger and the subgenus Betuloxys 
Mackauer (genus Trioxys Haliday) are being reported for the first time 
frem the subcontinent of India. Two new species belonging to the 
above g~nera are described along with keys for identification of hitherto 
described species. Alam (1951, '53), Richards (1956), Riegel (194-8) and 
Eady (1968) have been followed for various morphological structures 
and their terminologies, including wing venation and microsculpture. 
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COM.MERCIAL MARINE MOLL uses OF· INDIA AND 

THE NEED FOR THEIR SURVEY 

By 

V S. DURVE1 

Central Regional Station, Zoological Survey of [redia, 
Jabalpur 

Marine molluscs have been known to play an important role in 
. the life of the mankind especially of the coastal region, since time· imme
morial. Shell heaps and thousands of pits filled with she ,lIs along the 
tidal creeks, estuaries and such other places have been known to exist 
all over the world. Some of these shell-filled pits are, of course, of geolo
gical age, dating back to 80 million years while others are man~made 
and of thousands of years old harbouring the weapons and tools of the 
early man. These shell-dumps are not only the testimony of the part 
played by the molluscs in the humari life but they form an excellent 
rna terial for the study of early climatology and also the archaeology 
and sociology of the then human habitation. 

In India, such shell-dumps have been located at several places all 
along the coast, the huge dump of the kind worthy of mention here is 
at Vembanad lake in Kerala, where the ancient shells of bivalves Meret
rix, Area and Vellorita support prosperous lime manufacturing industry. 

Several attenlpts have been made in the past to classify the Indian 
Marine molluscs, the earliest being by Melvin and Abercrombie (1893), 
Mel"ill (1893, 1896). Later, Hornell (1916, 1917, 1918, 1921, 1949 and 
1951) made a significant contribution to the study of Indian mollus~s. 
Prashad (1932) while giving the taxonomic account of the lamelli
branchs of the Siboga expedition, has described several forms from the 
Indian region. Others who have contributed to our understanding of 
marine molluscs of India, are Preston ( 1908, 1914, 1915 and 1916) , 
Annandale and Kemp (1916), Coggin-brown (1923), Annandale (1924), 
Gravely (1927, 1941) and Crichton (1941). In recent years, 'several 
wor~ers have studied the molluscan fauna of som~ best collection grounds 
on our coast. Amongst these, works of PatH (1952), Satyamurti (1956), 
Subramanyam et ale (1952), Gidean et ale (1957), Menon et ale (1961) and 
Kundu (1965) merit mention. 

Intensive study of a single fanllly or a'genus as has been done in t4e 
case of freshwater molluscs by' Prashad ( 1928) , .-\nnandale and Rao 
(1925) and several others, is not seen in t~e ava'i.l,able literature .on 
Indian marine molluscs. However, attempts of I-fornell (1916b, 1917) 
in giving the account of the varieties and races of the genus Turbinella 
(Xancus) and revising the species of Meretrix respectively, and by Ghosh 

1 Pre~ent address-Division of L~mnology & Fisheries, Department of Zoology. 
U uiversity of Udaipur, Udaipur (Raj). 



422 Records oj the <,oological Survey oj India 

(1920) on the taxonomic studies on the soft parts of Solenidae are note
worthy. The publication of an excellent memoir "Mitres of' Indian 
waters" by Ray (1956) is another landmark in this direction. 

In spite of all these, the molluscan fauna of Indian waters remains 
a poorly surveyed group. This is especially so in respect qf economically 
important families like Cymatiidae, Muticidae, Strombidae, Cypraeidae, 
Harpidae etc., amongst Gastropods and Ostreidae, Veneridae, Cardiidae 
(Cockles), Carditidae (false cockles), Pectinidae, Arcidae etc., amongst 
Pelecypods. 

The commercially important molluscs of Indian coast, fall into 
four categories: (1) Food molluscs (2) Molluscs yielding pearls, medi
cines and lime (3) Molluscs used in the manufacture of ornamental 
and utilityarticles (4) Molluscs which cause damage to our ships and 
marine structures as foulers and borers. The members of the last' cate
gory, though not commercially important directly, are perhaps of greater 
importance than all the earlier categories. The molluscs which 'contri
bute to the .first category come from all the three major classes of the 
phylum i.e., Gastropoda, Pelecypoda and Cephalopoda, while the next 
two categorie~ are formed by Gastropods and Pelecypods and the last 
one by Pelecypods alone. 

Food molluscs.-Among the shellfish utilized for food; oysters, clams, 
mussels, squids, cuttlefishes and Octopi -are the most important. The 
survey of the edible oysters of India has not been done and our 
knowl~dge about the Indian oysters is limited to the excellent works of 
Awati and Rai (1931), Rai (1932), Rao (1956), and Rao and Nair (1956). 
I have made some contribution towards the understanding of the sys
tematics, biology and biochemistry of the edible oyster (Crassostrea gry
phoides) of the west coast of India (Durve, 1961a, & b, 1962, 1964 
1965, 1967 and 1974). At present, only two oysters viz., Crassostreq 
gryphoides. (Schlotheim) occurring from Saurashtra to Karwar on the 
west coast and C. madrasensis Preston from the Malabar coast and the 
major part of the east coast of India have been known as the true 'edible 
oysters of this country. Despite the detailed work cited above on these 
two oysters, much is still to be done to assess' the density distribution of 
these· oysters, their races and varieties if any, in the numerous estuaries 
and backwaters of our country. It is reported that the individuals (!)f 
these oysters living. on permanently submerged rocks grow to enormous 
sizes of 12-14 inches in height. Bu t nothing has been done so far to 
survey these oysters and assess their fishery potential. 

The rock-oyster, C. cucullata which is wide-spread on the inter-tidal 
rocky regions throughout the Indian coast, is a delicacy but little is 
known about it except for its anatomy (Awati a~d Rai, 1931) .. It is 
likely that there maybe more than one. species of this oyster. I feel, 
this oyster has a great fishery potential and much work is needed on 
its systematics, ecology and biology. The large oysters of the Orissa 
coast (Ostrea gryphoides var. cuttack~nsis) of which much is written by 
Vredenburg (1904) and Newton and Smith (1911), is further available 
for the study of its horizontal and vertical distribution along the east 
coast and the continental shelf. Other possible fishable oysters are 
C; discoidea (Gould) and Ostrea cristagalli which al~e kriown to occur on 
.the Indian coast but nothing is mentioned about their abundance and 
the exact localities of occurrence. It is more likely that C. discoidea 
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may prove itself an aberrent environmental variety of some already 
known species. Ostrea cristagalli is likely to be the member of the genus 
Lopka and not Ostrea. However, much work is needed in this direction. 

A well-planned survey of Ostreidae of the Indian region is essential 
both from the academic and fishery points of view. This will not only 
lead to gaining of knowledge about these economic molluscs but may 
yield some interesting species and genera unrecorded from the Indian 
region and perhaps eVen unknown to science. 

Clams play a dominant role in the kitchen of coastal people 
especially during monsoon when the fish is not readily available. They 
are highly nutritious and delicious. On the west coast, the impurtant 
edible clams are Meretrix meretrix (Linn.) and Katelysia marmorata. These 
form extensive beds on the Kathiawar Saurashtra and Bombay regions. 
On the southern parts of the west coast, these clams are replaced by Vello
rita cyprinoides (Gray) and Meretrix casta (Chemnitz). On the east coast, 
the food-clams are ¥eretrix casta (Chemnitz) and Katelysia opima' (Gmelin) 
which form extensive beds in the estuaries of south India. The species 
of Razorclam Solen have a wide-spread distribution on the Indian coast. 
Rao et ale (1962) describe eight species of this genus. Members of the 
family Solenidae are of food-value and contribute to local- fishery in 
sev~ral parts of the country. 

Besides the above mentioned clams, there are several species of 
Gafrarium, Donax, Area, Cardium, Paphia, Mactra etc. which form a good 
source of food but very little is known a bou t their systematics, ecology 
and distribution. These resources, thus, still remain largely untapped 
on commercial basis. In thi~ connection, it may be mentioned that 
the majority of edible clams belong to the family Vene.ridae which is 
practically untouched by Indian workers. 

Several Gastropods like Thais sp., Telescopium telescopium, Natica sp. 
and Umbonium vestiarum are, also used for food' purposes,' but nothing is 
known about their systematics, ecology and distribution. 

Mussels form thick carpet of growth on the submerged rocks. Two 
main species which contribute to mussel fishery are green mussel or 
Mytilus viridis Linne and. brown mussel, Mytilus sp. The former is a 
little widely distributed being abundant off Cochin, Malabar, north 
Kerala and Karwar. It also occurs off Bombay and Ratnagiri but 
the extent of its abundance is not known. The brown mussel is con
fined to south of Quilon on Kerala coast to Cape comorin. On the 
east coast, it is available off Tuticorin. Several small individuals of 
Mytilidae are often seen on the rocky beaches but no literature is avail
able except for stray accounts, on their systematics. 

CuttIe fi~hes, Squids and Octopi are common in the seas around 
India and are caught in fishing nets in the inshore ,vaters. Early 
works on the Cephalopods of the Indian waters are by Goodrich (1896), 
Massy (1916) and Adams (1939)~ As such, . comprehensive treatise 
on this group is still wanting. Recently, Silas (196.8) has given an 
account of Cephalopods of the west coast of India. Filippova (19~8) 
has added five mo!e species of Cepha!opoda to the existing .list fr<?m 
the Indian ocean, based on the collections luade by the RussIan shlps 
participating in the Indian Ocean expeditiori. In his work (Filippova, 

53 
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Ope cit.) he also gives the abundance of different species in the coastal 
and open waters around India. 

Cephalopods do not form regular fishery around the Indian coast· 
except some parts of east coast especially in Palk bay and Gulf of ~annar 
where a single species Sepioteuthis arciipinnis _Gould contributes to the 
entire fishery (Rao, 1954) . Symplectoleu this oualaniensis reported as 
abundantly available species in the Indian region by Filippova (1968) 
should be further investigated for its fishery potential. 

Molluscs yielding pearls, medicines and lime:-

Almost aIr bivalves yield pearls, but those obtained from the 
pearl oysters fetch the highest price. The pearl oyster of India is 
Pinctada vulgaris. Besides, four' more species are known to occur in 
the Indian region. On the west coast, the pearl fishing is restricted 
only to Jamnagar and northern parts of Halar district of Saurashtra. 
On the east coast the pearl oyster beds extend from Cape Comorin to 
Kilakarai in the Gulf of Mannar, with a most productive Central Zone 
off Tuticorin. Very recently, a sixth species namely P. sugillata has 
been discovered from the Indian waters. The distribution of pearl
oysters of the Indian region has been well reviewed by Rao (1968) . 
Due to the depletion of pearl-oyster beds in the recent years, the pearl 
fishing is greatly hampered and the proper survey of pearl banks is 
necessary to ensure the sustained yield of this foreign exchange earner. 

Medicinal pearls are m~stly obtained from P~acuna, presently called 
Placenta placenta (Linnaeus) and popularly known as windowpane 
oyster. These pearls are small, soft and of inferior quality so far as 
ornamental value is concerned. They are, therefore, used in prepara
tion of medicines, well-known amongst which is the Ayurvedic pre
para tion "Mouktik Bhasma" ( ~ftcnCfi ¥[til"). Large beds of these 
windowpane oysters occur on Balarpuf area and the Rana Bay in the 
Gulf of Kutch. They are also, found along the Bombay and Goa Coasts, 
\vhere a sizable fishery exists. Further south, they become sparse. 
The shells are used as decorative articles and for glazing windows and 
roofs in China, Far Eas~ and Goa. The knowledge about the systema
tics, distribution, ecology arid biology of Anomiidae is scanty, the 
only notable work being of Hornell (1909) on the anatomy. . 

All the molluscan shells yield lime after burning in kilns. However, 
genera like. Meretrix, Arca, Vellorita, Katelysia and oysters which form 
extensive beds and the shells of which -are readily available in suffi. 
cient quantities are generally used for the purpose. Even the 
dead shells of all the molluscs washed ashore are also collected and 
burnt to obtain lime. Shell-lime is mainly used in betel leaves. Ex
pensive lime is prepared from the pearls of Placenta placenta. 

Molluscs used for ornamental and utility articles:-

In this category comes the famous sacred chank Xancus pyrum 
(Linnaeus) earlier known as Turbinella pyrum. Besides, species of 
Trochus, Turbo, Lambis, Haliotis, Harpa, Cassis, Murex, Cyprea and Tridacna 
-' the largest bivalve of the world, have also the importance a.s curios 
and decorative articles. Chank beds occur on the west coast in the 
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Gulf of Kutch near Port Okha and in the Arabian sea off Trivandrum. 
On the east coast, the most productive beds are chiefly in the Gulf 
of Mannar near Tuticorin and Kilakarai and in the Palk bay near 
Devipatnam and Rameshwaram. Large specimens of the rest of the 
ornamental shells are also found around Rameshwaram, Andaman and 
Nicobar islands. Hornell (1916b) and Vredenburg (1916) have done 
commendable work on the sacred chank Xancus pyrum (Turbinella). 
However, this work now needs revision. Chank beds also need a care
ful survey lest they get dangerously depleted due to over fishing. 
Regarding the work on the family Strombidae, mention may be made :of 
the works of Ray (1956). Abbott (1960,61, 67). Jung and Abbott 
(1967) and Subb3 Rao (1970). However, much of this work is based on 
collections made from a very wide coverage of the Indo-Pacific region 
and does not represent a true picture of Indian coast line. The 
other ornamental molluscs including those mentioned above have not 
been touched by molluscan workers and it is necessary to give a thought 
to this problem. 

Varieties of large and small shells c'ollected from the sea-shore all 
along Our coast for the preparation of decorative articles like dolls, 
curios etc. belong to different families, genera and species about which 
no systematic account is available. 

Molluscs causing damage to ships and marine structures:-

, In this category come the shipworms Teredo and Bankia along with 
Martesia, PholaJ etc. Our knowledge about these is mainly due to the 
workers of wood-preservation schemes of the Forest Research Institute, 
presently running at several universities in India. Mention may be 
made here of the works of Palekar and Bal (1957), Nair (1957ab, 
1965), Rajagopal, (1961) and Subba Rao (1968). In spite of ·this, 
the systematic work on this group of molluscs is needed and is evidenced 
by several new species and records made by these .workers. 

From the account given 'above, it, will be noticed that the works 
of Preston (1908, 1914, 1915, 1916), Annandale and Kemp (1916), 
Annandale (1924), Gravely (1927, 1941), Prashad (1932), Satyamurti 
(1956), Subramanyam et ale (1949, 1951, 1952), Kundu (1965) and 
several others have given us much needed information about the 
systematics of Indian molluscs. However, their work touched several 
groups at a time and as such, especially in the case of recent works, lacks 
the thoroughness required for the understanding of the taxonomy and 
distribution of each family. In some cases the illustrations need re
drawing to represent the specimens correctly. The material of the 
recent workers cited above came in most cases from the dead shells 
found along the shore, with the result, the identifications are, at times, 
incomplete, obscure and in several cases even doubtful. It is necessary, 
therefore, to work out this vast phylum of Mollusca familywise and it is 
needless to state here that priority should be given to ~uch orders and 
families which are commercially important so that, while filling the 
lacunae in the taxonomy of the Indian marine molluscs, we will have 
satisfaction of having contributed indirectly to the welfare of our 
countrymen. . 
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