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I-INTRODUCTION 

(a) General 

Rodents constitute, in the number of species, the largest group of 
mammals. The taxonomy of the oriental rodents has been studied only 
by a few workers, viz., Waterhouse (1839-48), Blyth (1863), Thomas 
(1881, 1915-20), Blanford (1888), Wroughton (1908-20), Hinton (1918-
26), Allen (1940), Ellerman (1940-61), Roonwal (1948-50), Roonwal & 
Biswas (1961), Nath (1952-53), Tate (1954), Biswas & Khajuria (1955, 
1957), and Moore (1956, 1958). Ellerman has revised the entire group 
and introduced the extensive use of skull-measurements for differentiating 
the various systematic categories. The other recent workers have also 
similarly utilized the skull measurements. 

Nevertheless, many aspects of skull structure remain to be studied 
aBd, in particular, its relationship with ecological habitat. The present 
work was thus taken up with a view to make a comparative taxonomic 
study of rodent skulls in relation to ecology. 

Acknowledgements.-I am grateful to Dr. M. L. RoonwaI, Director, 
Zoological Survey of India, Calcutta, for kindly suggesting the problem 
and for continuous guidance. To Dr. B. Biswas, Zoologist, Zoological 
Survey of India, I am indebted for his valuable suggestions from time to 
time. I also wish to express my sincere thanks to· the following for 
Blsistance in various ways :-To the staff of the Mammal Section of the 
Zoological Survey of India for. their constant cooperation; to Shri R. 
Bagchi, Artist, for his assistance and advice in the preparation of the 
drawings; to the Bombay Natural History Society for the loan of some 
specimens of rodents. Finally, I would express my thanks to the Ministry 
of Scientific Research and Cultural Affairs, Government of India for 
the grant of a Government Scholarship throughout the period of this 
work. 

(b) Material 

By far the greater part of the material studied by Die was from the 
collections present in the Zoological Survey of India. A few specimens 
were obtained on loan from the Bombay Natural History Society, while I 

a few others, particularly the gerbils, were collected by me from Rajasthan 
alid the Punjab. 

(c) Abbreviations for skull measurements 

The following abbreviations for skull measurements have been used 
in the text as well as the tables. 
~J'I.I., length of anterior palatine foramina. 
B.rn.a., bimeatal distance. 
C.II.L., Condylobasal length. 
Dilrt. I., length of diastema. 
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o. ql. W., greatest zygomatic width. 
G.L.M., areatest length of mandible. 
I. temp. r. d., distance between temporal ridges. 
Intp. W., width of interparietal bone. 
IDe. ht. and w., height and width of infraorbital canal. 
L.i.o.w., least interorbital width. 
L. diast. I., length of lower diastema (of mandible). 
L. mol. I., length of lower molars at the root (of mandible). 
Mand. I., mandibular length (of mandible). 
Max. W., maximum width of mandible. 
Mol. I., length of upper molars. 
Nas. I., length of nasals. 
Nas. W., width of nasals. 
Occiput, height of occiput. 
O.N.L.,occipitonasallength. 
Orb. I., length of orbit. 
Pal. I., length of palate. 
Par. W., combined width of parietal. 
Pmx. w .• width of ascending process of premaxillae. 
P.p./., length of posterior palatine foramina. 
Rosi. W., width of rostrum. 
S. m. zy. W., width of supramaxillary root of zygoma. 
T.b.l., length of tympanic bulla. 

II-SKULLS OF RODENTIA 

(a) General 

131 

The skulls of 20 genera and 61 species and subspecies of rodents were 
studied. A total of about 425 skulls were measured. All the material, 
except two species, namely, Jaculus jaculus Linn. (family Dipodida.) 
and Atherurus africanus Gray (family Hystricidae),belongs to the Oriental 
Region. The following is a summary of the material studi~d :-

• Specie • 
Genera and 

Subspec;ies 
Family 1. MURIDAB 

Subfamily (i) GERBILLINAE • • • • •• 3 12 

" 
(ii) MICROTINAE 2 S 

,. (iii) CRICETIJVAE · . • • 2 2 

" (iv) MURINAE · . •• 4 16 
Pamily 2. RmzOMYIDAB • • 2 S 

" 
3. MUSCARDINIDAE • • 1 1 

" 
4. SClURIDAB . . • • •• 3 15 

" 
S. DIPODIDAE • • • • 1 1 

It 6. HYSTRICIDAE • • 2 .. 
TOTAL •• 20 (51 

--



132 Records of the Indian Museum [VOL. 60, 

To start with, the skull of one species of a genus is described in 
detail so as to bring out the salient points of structure. The other skulls 
are, however, described relatively briefly, only the important points of 
difference being emphasised. As the subfamilies Murinae and Micro­
tinae of the family Muridae and the family Sciuridae are very large ones, 
only a few selected genera, representing the different habits and habitats, 
have been studied. 

Keys for the identification of genera, species, etc., based on skull 
characters, are given where such keys are either not available ot differ 
materially from those given by Ellerman (1947a, b). 

(b) Definitions of skull measurements and indices 

The following skull measurements were taken and in all cases they 
were "straight line" distances between two points and not along the 
curvatures of the skull; abbreviations used in the tables and text are 
given in parentheses :-

1. Occ;pitonasall,ngth (O.N.L.). 
2. Condylobasallength (C.B.L.). 
3. Greatest zygomatic width (g. z),g.w.). 
4. Least interorbital width (L.i.o. w.). 
S. Length of tympanic bulla (T.b.l.). 
6. Length of nasals (Nas.I.). 
7. Width of nasals (Nas.w.). 
8. Palatal length (Pal.l.). 
9. LengM 01 upper cheek-tooth row (Mol. I.). 

10. Length of anterior palatine foramina (A..p./.). 
11. Length 01 diastema (Diastol.). 
12. Occiput (Occ.l.). 
13. £engt}. 0/ orbito-temporal fossa (Orb. I.). 
14. Pari~tallength (Par. I.) : Length 0/ parietals in mid line, measured alonl the 

antero-posteri01 axis. 
15. Parietal width (Par. w.) : Maximum ctJmbined Width o/parieta/s. 
16. Frontal length (Fr. I.) : Length oi frontals in mid line. 
17 II Width of superior maxillary root of zygoma. 
18. Maximum height and width of infraorbital canal (ioc. hi. x w.). 
19. Maximum length along the antero-posterior axis and maximum width of inter­

parietal. 
20. Cranial width (Cr. w.). 

21. Bime~tal distance (Bim.d.) : Distance between the external auditory meatus of 
both Sides 

22. Gr,a!est ltngth of mandible (G.L.M.) : From a point on the dorsal side of the 
mandible just behind the lower incisor to the hind most point on the condylar 
process. 

23. Mandibular length (Mand. I.). 

24. Maximum wic!th of mandible (Max. w.) : From the tip of the coronoid proces. 
(or from the, tiP of condylar process when it is highest) to the ventral margin 
of the mandIble). 
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25. Root-length of lower molars (L. mol. I.): Maximum length of all the lower 
molars, including premolars, if present measured at the root. 

26. Length of lower diastema (L. diast. I.): From a point on the dorsal side of the 
mandible just behind the lower incisor to the anterior most lower cheek-teeth. 

'The following tooth indices were recorded-

Upper incisor index: Opisthodont-backwardly directed ; orthodont­
straight or vertical ; proodont projected forward. 

Mola:r index: Brachyodont low crowned; hypsodont high or tall 
crowned. 

For exact method of measurements and the definitions for items 
1-13, 20 & 23, please see Roonwal and Agrawal (Rec. Indian Mus. 
Vol. 60, Pts. 1 & 29). 

(c) Descriptions of skulls 

Family 1. MURIDAE 

Subfamily (i) GERBILLINAE 

Three genera were studied, namely, Tatera Lataste, Meriones Illiger 
and Gerbil/us Desmarest. 

Genus (1) Tatera Lataste 

1. Tatera indiea Hardwicke 

.K,y lor identification of Oriental subspecies of Tatera indica, based on 
skull characters . 

..0 .N.L., Occipitonasallength. 

1(2). Tympanic bullae over 1/4th of o. N. L.: superior maxillary root of 
zygomatic arch narrow, on an average under 3·2mm. or under 7·5 % 
ofO. N. L. 

. .. T. indica indica Hardwicke 
2(1). Tympanic bullae under 1/4th of O. N. L.: superior maxillary root of 

zygoma!ic arch broad, over 3·2mm. or over 7·5 % of O. N. L. 

3(4). Least interorbital width above 7·Smm. or over 17 % of O. N. L . 

.. . T. indica ceylonica Wroughton 
4(3). Least interorbital width under 7·Smm. or under 17 % of O. N. L. 

5(6). Anterior palatine foramina over 18 % of O. N. L.; upper cheek-tooth 
row on an average, over 14·5 % of O. N. L . 

... T indica hfJrdwickei Gray 

(;(5). Antetior palatine foramina below 18 % of o. N. L.; upper cheek-tooth 
row on an average, below 14·5% of O. N. L . 

.•. T. indica tuui,r; Waterhouse 
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la. Tateraiodie.iodica Hardwicke 

(Tables 1 & 2 : and Plate 13) 

[VOL. GO, 

General: Skull large and massive, occipitonasallength 38-1-47·9 Mm. , 
(mean 41·9); dorsal surface smooth, slightly sloping anteriorly, with slight 
depression present or absent in postero-dorsal portion of nasals ; ros­
trum long and straight ; cranium flattened ; sutures between bones dil~ 
tinct and smooth ; occipitonasal length exceeding condylobasal length. 
Nasals: Long, over 38 per cent (38·5-45·0 per cent) of O.N.L. ; slanting 
anteriorly ; projecting slightly forwards over incisors ; anterior extremity 
rounded ; widest in anterior one-third portion; laterally connected 
with premaxillae and posteriorly with frontals ; extending slightly behind 
or upto anterior orbital margin ; equal or slightly longer than ascending 
process of premaxillae. Frontals: Long and narrow ; frontal length 
over twice the parietallength ; least interorbital width under 17·5 per 
cent (15·4-17-5 per cent) of O.N.L. ; narrowest just behind lacrymals. 
and ridged along their lateral edges ; ridges running backward through 
upper edge of squamosals, converging slowly to hinder end of parietals: 
and then curving slightly outwards meeting the occipital crest_ Parietals: 
Broader than long ; laterally extended ; lateral extensions nearly vertical 
and more than half the length of squamosals ; posteriorly meeting the 
occipitals ; fronto-parietal suture smooth and curving anteriorly on sides. 
Interparietal: Large ; situated in between parietals and supraoccipital,. 
nearly posterior to a line joining posterior extremity of squamosals ;, 
broader than long; anterior border arched, pointing forward medially;. 
posterior border convex backward. Occiput: Vertical, with moderately 
developed ridges ; dorso-Iateral portion of supraoccipital extending on 
-both sides of interpa rietal upto its anteri~r border and touching squamo-
sals on sides; paroccipital processes distinct, closely applied to tympanic 
bullae. Squamosals: Form the sides of the cranium; supratympanic 
portion posteriorly meeting mastoids and dorso-Iateral extensions of 
supraoccipital ; supratympanic fenestrae small, situated above auditory 
meatus ; antero-dorsal extremity of squamosals with frontal ridges form. .. 
ing slight projection at lateral extremities of fronto-parietal suture. 
Zygomatic arches: N~rrow, widest posteriorly; greatest zy.gomatic· 
width under 55 per cent (50·0-54·7 per cent) of O. N. L. ; slanting 
upwards in front to lacrymals with slight medial inflection ; anterior 
extremity of zygomatic process of maxilla stout and bifurcated into two 
portions; a short and broad superior maxillary root formjng roof 
of infraorbital canal, and a lower maxillary root projecting forwards 
to half of rostrum and' forming laterally flattened zygomatic plate; 
the latter ridged dorsally, and ventrally meeting the ventrolateral 
margin of maxilla; zygomatic process of maxilla forked distally,. 
receiving the jugal in the fork; the jugal short, twisted, situated 
medially and connected posteriorly with flattened .and . ventro-Iaterally 
extended zygomatic process of squamosal; infraorbital canal large, 
higher than broad, transmitting a portion of the masseter and the 
infraorbital nerve. Palate: Long; over 50 per cent (51·7-56'2 
per cent) of O.N .L., extending posteriorly behind molars; higher 
anteriorly and sharply sloping posteriorly ; anterior palatine foramina 
long, 16·4-19·0 per cent (mean 17·7) of O.N.L., reaching posteriorly 
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upto the molars; posterior palatine foramina extending from first 
lamina of ml to ml ; palatine bone anteriorly forming postero-internal 
border of posterior palatine foramina and posteriorly forming anterior 
boundary of pterygoid fossa; maxillopalatine suture feeble; promi­
nent groove running posteriorly from posterior end of each anterior 
palatine foramina on either side of median elevated tract and after 
crossing the maxillopalatine suture and posterior palatine foramina,. 
terminating in the posterolateral depression of palatine; the latter 
perforated by one or more small foramina; upper cheek-tooth rows. 
nearly parallel, 5·2-6·3 mm. (mean 5·'8 mm. or 13·9 per cent of 
O.N .. L.) and nearly half of diastema. Pterygoid bones perforated by 
interpterygoid foramen; pterygoid fossae wide and deep, lower 
surface lying dorsal to basisphenoid ; mesopterygoid fossa narrow ; 
presphenoid laterally compressed; basisphenoid narrow. Tympanic 
bulll7e: Oval; situated obliquely to long axis of skull; anteriorly 
touching the hamular process of pterygoids; relatively smaller than 
in other genera of this subfamily, but always over 25 per cent. 
(25·0-28·4 per cent) of O.-N.L. ; auditory orifice large and connec­
ted with a small perforation below it; mastoids fairly developed 
but not bulged out, slightly visible when viewed dorsally. 

Mandible: Consisting of a pair of symmetrical rami diverging 
behind and meeting anteriorly at the symphysis ; each ramus laterally 
compressed, bearing three processes posteriorly-a small coronoid 
process pointed backward and sloping anteriorly to horizontal alveolar 
portion bearing three molar teeth ; an elevated condylar process project­
ing backward and inward beyond coronoid process; and a narrow 
angular process considerably drawn backward nearly in a line with 
,condylar process, and twi~ted out distally ; the coronoid process highest 
of all, and condylar and angular processes separated by a deep notch ; 
lower incisor root forming a knob in between roots of coronoid and 
condylar processes; masseteric ridge moderately developed, . starting 
from anterior end of ml and reaching the tip of angular process. 
Greatest length of mandible 20·1-25·8 mm. (mean 21·7) ; mandibular 
length under 50 per cent (46·0-49·0 per cent) of O.N.L. ; maximum 
width under 50 per cent (46-50 per cent) of G.L.M. ; lower diastema 
long, over 1/4th (mean 27·7 per cent) ofG.L.M. and subequal to root­
length of lower molars. 

Cranialforamina :-Here 17 distinct foramina are described-IS in 
the skull proper and 2 in the mandible. 

(i) Skullforamina (Nos. 1-15) 

1. Interpremaxillary foramen: Very small; situated in between 
premaxillary bone behind incisors. Not very distinct in this subfamily. 

2. Anterior palatine foramina (incisive foramina): Situated at thy 
anterior portion of the palate in front or molars. Partly formed by 
premaxilla and partly by maxilla. 
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3. Posterior palatine foramIna: Situated in between cheek-tooth 
rows. Partly formed by m~xilla and partly by palatine. Small foramina 
for palatine vein present in postcro-lateral depressions of palatine. 

4, Infraorbital canal: Formed of an upper wide portion invaded 
by masseter muscle and a narrow slit-like lower portion for passage of 
infraorbital nerve. 

5. Anterior ethmoidal foramen: Present in frontal bone, antero­
dorsal to the optic foramen. 

6. Spheno-palatine foramen: Situated between ~ orbital process of 
the maxillary and the palatine, anterior to the presphenoid. 

7, Foramen lacerum anterius (sphenoidal fissure) : Situated between 
orbitosphenoid and alisphenoid bones on either side of presphenoid. 

8, Stylomastoid foramen,' Situated at the junction of mastoid 
and external auditory meatus. 

9, Supratympanic fenestra of sqamosal (Subsquamosal foramen): 
Situated in squamosal bone above external auditory meatus and below 
the crest joining the squamosal root of the zygomatic arch with occipital 
crcst. The subsquamosal foramen present in squirrels (Hill, 1935) is 
probably this onc. . 

10. Foramen ovale: Situated in postero-ventral portion of 
alisphenoid anterior to tympanic bulla. 

11. Optic foramen: Present in orbitosphenoid bone dorsal to the 
presphenoid. 

12. Pretympanic fissure .' Situated at the antero-Iateral side of tho 
tympanic bulla ; fused with the postglenoid foramen. 

13. Foramen lacerum poslerious Uugular foramen) ,. Situated between 
tympanic bulla and basioccipital, anterior to paroccipital process. 

14, Condylar foramen (hypoglossal foramen): Situated at antero­
lateral side of occipital condyle. 

15. Foramen magnum: Situated at posterior extremity of the skull 
serving as the exit fOT the spinal cord. 

(ii) Mandibular foramina (Nos. 16 and 17) 

16, Inferior denta/foramen: Situated on inner surface of mandible 
near the root of lower incisors. 

17, Mental foramen .. Situated at the antero-dorsal portion of the 
mandible just anterior to the molars. 

Dentition,' Consisting of a pair of incisors and three pairs of molars 
in eacbjaw. Incisors: Upper incisors long, opisthodont, yellowish and 
longitudinally grooved anteriorly; thicker than wide; passing posteriorly 
into maxillary bone, terminating at infraorbital canal. Lower incisors 
yellowish, long and ungrooved, less strongly curved than the upper and 
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deep-rooted; posteriorly terminating into a knob at the root of the con­
dylar process. Upper molars: Slightly hypsodont, rooted and transver­
sely laminated ; laminae separated by folds ; laminae biserially cusped in 
young stage, jointed or unjointed; outer folds longer than inner; ml 
4-rooted; rna 3-rooted and rn3 single-rooted; ml consisting of three 
transverse laminae separated by two folds on each side, first lamina. 
being smaller than others; mt consisting of two subequal laminae: 
separated by a pair offolds ; mt small, bilaminate, with a shallow fold 
on either side. Lower molars: Exactly like the uppers, except that 
ma is always unilaminate. 

Yariations.-The above description is based on the study of skulls. 
from West Pakistan (Baluchistan and Sind), and north-western and 
central India (Rajasthan, Punjab, Gujarat, Uttar Pradesh and Madhya. 
Pradesh). Though the skulls are more o'r less sube'qual in occipitonasal 
length, they differ markedly in other measurements, and the following. 
tendencies are noticeable :-

1. The length of tympanic bulla in relation to occipitonasal length 
decreases from Baluchistan (mean 27·2 per cent of O.N.L.) eastward 
(U.P. and M.P., mean 25-4 per cent) (Table 40). 

2. The length of anterior palatine foramina increases from Baluchistanl 
(mean 17 per cent of O.N.L.) eastward (Gujarat and M.P., mean. 18'S 
per cent). 

3. Indian specimens (M.P., Rajasthan, and Gujarat) differ from the­
West Pakistan (Baluchistan and Sind) ones in having a longer palate 
(mean 54·5 VS. 53·0 per cent of O.N.L.) and a broader supra maxillary' 
root of zygomatic arch (mean 7·2 vs. 6·2 per cent of O.N.L.). 

4. Male (Table 1) skulls are slightly longer "than those of the 
females. O.N.l,. 38·7-47·9 mm. (mean 42-3) in males; 38·1-4S·9~ 
mm. (mean 41'0) in females. 

lb. Tater'a indica hardwickei Gray 

(Tables 1 and 2 ; and Plate 14) 

Skull almost similar to that of T indica indica in size, etc., but differs' 
as follows :-Superior maxillary root of zygoma broader, 7·2-8·7 per 
cent (mean 8·0) vs. 5·6-7·7 per cent (mean 7·0) of O.N.L. ; tympanic 
bullae smaller, under 25 per cent (22·9-25·3 per cent) ofO.N.L. VS. over 
25 per cent (25·0-28·4 per cent). The length of anterior palatine 
foramina ranges from 6·7-9·1 mm. (mean 7·9) rather than 10 mm. 
(Wroughton, 1917, p. 42)_ Mandibles narrower than in T indica 
;nJdica~ maximum width 43·3-47·5 per cent (mean 44'1) vs. 46·0-50·0 per 
cent (mean 47·0) of G.L.M. 

Some of the other measurements are a~ follo.ws :-Greatest zygomatic 
width 49·8-55·2 per cent (mean 51'7) ofO.N.L.; least interorbital width 
6·6-7-4 mm. (mean 7'0) or 15·4-17·4 per cent (mean 16·5) of O.N.L. ; 
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upper cheek-tooth row 5·9-6·6 mm. (mean 6-4) or 13-6-16·8 per cent 
(mean 14·9) of O.N.L. ; least intertemporal ridge distance 12·6 ..... 
13·2 mm. ; anterior palatine foramina 17·6-19·4 per cent (mean lS·3) 
of O.N.L. 

Ie. Tatera indica ceylonica Wrought on 

(Tables 1 and 2 ; and Plate 15) 

Skull almost similar to that of T indica hardwickei in size, etc., but 
differs as follows :-Slightly narrower, greatest zygomatic width 48·4-
51·2 per cent (mean 50·0) ofO.N.L. vs. 49·8-55·2 per cent (mean 51·7) ; 
frontals wider, least interorbital width 7·0-8·3 mm. (mean 7·7) vs. 6-6-
7·4 mm. (mean 7·0) or 16·5-18·0 per cent (mean 17·4) of O.N.-L. V.I. 
15·4-17·4 per cent (mean 16·5) ; anterior palatine foramina smaller, 
under 17·8 per cent (16·5-17·7 per cent) ofO.N.L. vs. over 17·6 per cent 
(17·6-19·4 per cent) ; the range of length of the foramina is 6·9-
1·2 mm: (mean 7·5) rather than 6·0-7·0 mm. (WroughtoD, 1917, 
p. 42; and 1919b, p. 780) ; upper cheek-tooth row smaller, 12.9-114.7 
percent (mean 13·7) of O.N.L. vs. 13·6-16·8 per cent (mean 14·9) ; 
temporal ridges distantly apart, least dista~ce over 13·2 mm. (13·2-14·2 
mm.) vs. under 13·2 mm. (12·6-13·2 mm.). Mandible narrower than 
T indica hardwickei, maximum width 37·9-45·1 per cent (mean 41·8) 
of G.L.M. vs. 43·3-47·5 per cent (mean 44·1). 

Some of the other measurements are as follows :-OccipitonasaI 
length 40·1-46·8 mm. (mean 44·2); tympanic bullae 22·8-25·4 per cent 
(mean 24·0) of O.N.L. ; width of superior maxillary root of zygoma 
7·7-8·4 per cent (mean 8·0) of O.N.L.; nasal length 39·6-42·6 per 
<:ent (mean 41·6) of O.N.L. 

Id. Tatera indica cuvieri Waterhouse 

(Tables 1 and 2 ; and Plate 16) 

Skull almost similar to that of T indica hardwickei, but differs as 
follows :-Slightly smaller (in maximum range) and narrower; occipito­
nasal length 40·9-45·3 mm. vs. 39·0-46·7 mm. ; greatest zygomatic 
width 48·6-50·3 per cent (mean 49·8) vs. 49·8-55·2 per cent (mean 51·7) 
of O.N.L. ; upper cheek-tooth row slightly shorter, 12·7-15·1 per cent 
(mean 13·6) vs. 13·6-16·8 per cent (mean 14·9) of O.N.L., ; anterior 
palatine foramina smaller, 15·8-18·7 per cent (mean 17·3) vs. 17·6-
19·4 per cent (mean 18·3) ofO.N.L. 

Some of the other measurements are as follows :-Least interorbital 
width 6·4-7·5 mm. (mean 7·1) or 14·4-17·5 per cent (mean 16·2) of 
O.N.L. ; tympanic bullae 23·3-25·2 per cent (mean 24·4) of O.N.L. • 
width of superior maxillary root of zygoma 8·0-9·5 per cent (mean 8·8) 
of O.N.L. ; maximum width of mandible 42·5-46·5 per cent (mean 
43.8) of G.L.M. 
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Genus (2) Meriones Illiger 

Key for identification of Oriental species of Meriones, based on skull 
characters. 

O.N.L.,Occipitonasal length. 
1(4). Tympanic bullae under 1/3rd of O.N.L. ; zygomatic arches not touching 

external auditory meatus; mastoids not projecting behind occiput; 
bimeatal distance less than zygomatic width. 

2(3). Zygomatic width over 55% of O.N.L. ; least interorbital width over 
18 % of O.N.L.; anterior palatine foramina under 6 mm. or under 
17 % ofO.N.L. 

. .. M. hurrianae Jerdon 
3(2). Zygomatic width under 55010 and least interorbital width under 18% 

of O.N.L.; anterior palatine foramina over 6 mm. or over 17 % of 
O.N.L. 

• .. M. persicus Blanford 
4(1). Tympanic bullae 1/3rd of O.N.L.; zygomatic arches touching external 

auditory meatus; bimeatal distance more than greatest zygomatic 
width; mastoids projecting behind the occiput. 

5(6). Least interorbital width under 6 mm. or under 17 % of O.N .L . 
.. . M. crass us swinhoe Scully 

6(5). Least interorbital width over 6 mm. or over 17 % of O.N.L . 
.. . M. libycns erythrourus Gray 

1. Meriones burrianae Jerdon 

1a. Meriones hurrianae burrianae Jerdon 

(Tables 3 and 4 ; and Plate 17) 

General: Skull medium-sized, occipitonasallength 30·7-37·7 mm. 
(mean 33'8); broad and robust, with a marked depression in postero-dorsal 
portion of nasals ; rostrum short, strongly curved anteriorly; rostral 
'Width 13·9-17·3 per cent (mean 15"5) of O.N.L. ; cranium sloping 
posteriorly; greatest zygo~atic width exceeding bimeatal distance ; 
'Occipitonasal length exceedIng condylobasal length. Nasals: Smaller 
'than in Tatera indica, under 38 per cent (33'7-38·6 per cent) of O.N.L. 
vs. over 38 per cent (38'5-45 per ce~t).; strongly curved anteriorly and 
slightly projecti~g f~rwards o.ver InCIsors ~ narrow~st posteriorly a~d 
gradually be?OmIng "Ylder anterIorly ; extendIn~ posterIorly upto ant~rl0r 
orbital margIn and slIghtly shorter than ascendIng process of premaxIllae. 
Frontals: Short ; frontal length less than twice the parietal length ; 
fairly broad, least interorbi~al widt~ over 18·0 per cen! (18'1-23'0 per 
cent) of O.N .L. ; narrowest Just behInd lacrymals and rIdged along their 
lateral edges. Parietals." Broader than long; laterally extended; 
lateral extensions sloping downwards and more than half the length of 
squamosals ; fronto-parietal suture smooth, curving anteriorly. on sides. 
Interparietal : Large ; nearly two-third portion situated behind a line 
joining posterior e~tremity of sguamosals ; anterior border arched point­
ing forward medIally ; posterIor bor?er convex backward. Occiput: 
Vertical, with moderately developed rIdges; dorso-lateral extensions of 
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supraoccipital narrow ; paroccipital processes distinct and closely applied 
to tympanic bullae. Zygomatic arches: Stout ; wider than in T. indica ; 
greatest zygomatic width over 55 per cent (55·2-61·0 per cent) of O.N.L .. 
vs. under 55 per cent (50·0-54'7 per cent) ; zygomatic plate moderately 
thrown forward and baving flattened anterior border ; infraorbital canal 
large ; wider dorsally than ventrally. Squamosals: Modera tely deve·, 
loped ; supratympanic portion narrow; supratympanic fenestrae large 
but filled partially or completely by anterior extension of mastoids. Tym-· 
panic bullae: Larger than in T indica, over 28 per cent (27'6-31'1 per 
cent) vs. under 28 per cent (25'0-28'4 per cent) of O.N.L. ; inflated; 
external auditory meatus swollen antero-dorsally ; anteriorly not touching. 
the zygomatic arch ; mastoids moderately developed, not extending pos­
teriorly beyond occiput. Palate.' Long, over 50 per cent (50·4--55·6 
per cent) of O.N.L. ; posteriorly extending behind molars; anterior 
palatine foramina short, below 6 tnm. (4'2-6'0 mm.) or under 17 per' 
cent (13·3-17·0 per cent) of O.N.L. ; posterior palatine foramina very 
small, situated in between third lamina of m 1 and first lamina of ml' ;. 
postpalatal pits perforated ; palatines slightly covering anterior portio\tl 
of pterygoid fossae; upper cheek-tooth rows nearly parallel, molar 
length 13·1-15'9 per cent (mean 14'5) of O.N.L. and over one-half of 
diastema length (23·4-26·3 per cent, mean 25'0, of O.N.L.). Pterygoid 
fossae small and deep; lower surface lying dorsal to basisphenoid;. 
basioccipital and basisphenoid bones rather narrow. 

Mandible: Relatively longer and broader than in T. indica; mandi­
bular length over 50 per cent (50'0-54'3 per cent) vs. under 50 per' 
cent (46"0-49'0 per cent) of O.N.b. ; maximum width over 50 per cent 
(50·0-56·0 per cent) vs. under 50 per cent (46'0-50'0 per cent) of 
G.L.M. ; lower diastema length short, under 26 per ce-nt (22'0-25'7 
per cent) of G.L.M. and less than root-length of lower molars, 29·0-
33·0 per cent (mean 30'6) ofG.L~M. ; coronoid process small ; angular 
process twisted slightly outward. 

Cranial foram ina: Similar to that of T indicll. 

Dentition: Upper incisors yellow, opisthodont and grooved ; lowel' 
incisors simple, ungrooved and long, terminating posteriorly into a knob 
in between condylar and coronoid processes. Molars hypsodont and 
rooted. Upper molars: ml four rooted, m2 two rooted and m3 single 
rooted; molars divided into lozenge shaped subequallaminae separated, 
by V-shaped infoldings of enamel; laminae always jointed; no sign of 
biserial cusping ; ml having three laminae, m2 and m3 bilaminate. Second 
innerfold of ml and inner fold of m2 slightly longer than outer. 
Lower molars: Exactly like uppers except that rna is ring-shaped. 

Variations.-The measurements of skulls of Meriones hurrianae from 
N.W. Pakistan (Waziristan) and western India (Rajasthan and Gujarat)~ 
show a tendency to become shorter in occipitonasallength and broader 
in interorbital width from Waziristan southwards to Gujarat. The 
occipitonasallength varies from 33·5-37·7 mm. (mean (1~ 37·5 ; ~~ 34'4) 
in Waziristan, 31·4-36'5 (mean ~(1 34·3 ; ~~ 33'4) in Rajasthan, and 
30·7-33·6 (mean ~~ 31·9 ; ~~ 32·8) in Gujarat. Similarly, the least 
interorbital width averages 19·5 per cent «(1(1) and 18-8 per cent (~~) or 
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O.N.L. in Waziristan and Rajasthan, and 20·711er cent (~~) and 19·5 per 
cent (~~) in Gujarat. Male skulls (Table 5) are slightly longer and leis 
interorbitally constricted than female ones. 

Size-correlation in adult skulls: The study of skulls from Rajasthan 
shows that there is relative increase in the size ot: the cranial bones like 
the nasals, the palate and the tympanic bullae (Text-figs. 1-6), with the 
increase in the occipitonasal length (total length) of the skull. T'he 
parietals and the interparietal slightly increase in absolute width.. With 
the increase in the length of the mandible (Table 6), the lower molars 
and the diastema become longer, though the former increases less than 
the latter. 
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2. Meriones persicus Blanford 

2a. Meriones persicus persicus Blanford 

(Tables 3 and 4 ; and Plate 18) 

Skull almost similar to that of M. hurrianae in structure, etc., but 
differs as follows :-Longer and narrower; occipitonasal length 43·2-
44·1 mm. (mean 43·6) vs. 30·7-37·7 mm. (mean 33·8) and greatest zygo­
matic wid~h under 55 per cent (50·4-53·7 per cent) of O.N.L. vs. over 
55 per cent (55·2-61:0 per cent) ; nasals longer, over 39 per cent (39·1-
41·6 per cent) of O.N.L. vs. below 39 per cent (33·7-38·6 per cent); 
frontals narrower, least interorbital wi dth below -17 per cent (14·3-16· 5 
per cent) of O.N .L. vs. over 17 per cent (18·1-23·0 per cent) ; anterior 
palatine foramina longer, over 7 mm. (7·6-7·9 Dlm.) vs. under 7 mm. 
(4·2-6·0mm.)or 17·6percentofO.N.L. vs. under 17 percent(13·3-17·0 
per cent) ; upper cheek-tooth row smaller, below 13 per cent (11·9-13·2 
per cent) of O.N.L. vs. over 13 per cent (13·1-15·9 per cent) ; diastema 
longer, over 26 per cent (26·2-28·8 per cent) of O.N.L. vs. under 26 per 
cent (23·4--26·3 per cent) ; supraorbital ridges less prominent; external 
auditory meatus spout-like, anteriorly not touching the zygomatic arches; 
tympanic bullae 12·1-13·2 mm. or 27·3-30·5 per cent (mean 28·9 per 
cent) of O.N.L. 

Mandible: Relatively smaller and narrower than that of M. hur­
rianae; mandibular length under 50 per cent (48·3-50'0 per cent) of 
O.N.L .. vs. over 50per cent (50·0-54·3 per cent) and maximum width uader 
50 per cent (46·7-48·5 per cent) of G.L.M. vs. over 50 per cent'(50·0-
56·0 per cent) ; lower diastema longer, over 2~ per cent (27·6-28·6 per 
cent) of G.L.M. vs. under 26 per cent (22·0-25·7 per cent) and more 
than the root-length of lower molars (mean 25·5 per cent of G .L.lvI.). 

Dentition I Similar to that of M hurrianae. 

2b. Meriones persicus baptistae Thomas 

(Tables 3 and 4 ; and Plate 19) 

Skull almost similar to that of M. persicus persicus, but differing in 
having the nasals slightly smaller, 36·6 per cent of O. N .L. vs. 39·1--41-1·6 
per cent (mean 40·4) ; frontals less interorbitally constricted, least inter­
or bital width 17· 5 per cent of O.N. L. vs. 14·3-16·5 per cent (mean 15·4). 

Some of the other measurements are as follows :-1 subadult speci,. 
men: Occipitonasal length 36·0 mm. ; anterior palatine foramina 17·7 
per cent of O.N.L.; upper cheek-tooth row 13:8 per cent of O.N .L. ; 
tympanic bullae 10·8 mm. or 30·0 per cent ofO.N.L. 

Discussion.-Ellerman (1961), with limited material has differentiated 
the two subspecies, M p. persicus and M. p. baptistae, on the length of 
tympanic bullae, i.e., over 11·9 mm. (or over 30 per cent of O.N.L.) 
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in boptistae and less than this in persicus. He further reported both the 
~ubspecies to occur in Kelat (Baluchistan). The specimens of M. p_ 
persicus from Iran (Kohrud, Kuhibarzi) in our collection have tympanic 
bullae 12·1-13·2 mm. (or 27·3-30·5 per cent of O.N .L.). The differ­
ences between the two subspecies thus overlap. 

3. Meriones crassus Sundevall 

30. Meriones crassus swinhoei Scully 

(Tables 3 and 4 ; and Plate 20) 

Skull almost similar to that of M. hurrianae in size, etc., but differs 
in the following details :-Skull fairly sloping anteriorly, broadest pOlt­
eriorly; bimeatal distance exceeding greatest zygomatic width; rostrum 
short and straight; narrower, 14·4 per cent of O.N.L. vs. 13·9-17·3 per 
cent (mean 15· 5) ; frontals narrower, least interorbital width 15·7 per cent 
orO.N.L. vs. over 17 per cent (18·1-23·0 per cent) ; frontal ridges feeble; 
frontal suture disappearing; tympanic bullae larger, over 1/3rd (38-1 
pet cent) of O.N .L. vs. under 1/3rd (27·6-31-1 per cent) ; fairly inflated, 
with large external auditory meatus ; the latter anteriorly touching zygo­
matic arches; mastoids inflated; anteriorly bulging out through supra­
tympanic fenestrae of squamosal and posteriorly fairly projecting behind 
the occiput; palate shorter, under 50 per cent (49· 8 per cent) of O.N . L. 
ys. over 50 per cent (50·4-55·6 per cent) ; anterior palatine foramina 
longer, over 17 per cent (17·3 per cent) of O.N.L. vs. under 17 per cent 
(13·3-17·0 per cent) ; upper cheek-tooth row shorter, 12·2 per cent of 
O.N.L. vs. 13·1-15·9 per cent (mean 14·5) ; squamosal, basioccipital 
and basisphenoid bones becoming very narrow. 

Mandible: Smaller than that of M hurrianae; mandibular length 
50 per cent of O.N.L. vs. over 50 per cent (50·0-54-3 per cent) ; root 
length of lower molars shorter, 25·9 per cent of G.L.M. 1's. 29·0-33·0 
per cent (mean 30·6) ; condylar process high and reaching the level of 
coronoid; the latter relatively small and weak. 

Dentition: Similar to that of M. hurrianae except that the upper 
ma is ring-shaped. 

4. Meriones libycus Lichtenstei n 

40. Meriones libycus erythrourus Gray 

(Ta bles 3 and 4 ; and Plate 21) 

Skull almost similar to that of M. crassus swinhoe/, but differs as 
follows :-Larger, occipitonasal length 37·0-39·7 mm. (mean 38·4) 
l's. 31-8 mm. ; frontals less constricted, least interorbital width over 
6 DlJD. (6·6-7'2 mm.) vs. 5 mm. or over 17 per cent (18·0-18'3 per cent) 
orO.N.L. vs. 15'7 per cent; tympanic bullae slightly smal1er, 37'S per cent 
OfODN.L. }tl. 38·1 per cent; mastoids less inflated but slightly projecting 
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posteriorly behind occiput; upper cheek-tooth row longer, over 5 mm­
(5'0-5'4 mm.) l'S. under 5 mm. (3'9 mm.) or over 13 per cent (13'5-13·6 
per cent) of D.N .L. vs. 12-2 per cent. Mandible long, G .L.M. over 20 mm. 
(20'4--21'2 mm.) ; root-length of lower molars longer than in M. swinhoe, 
over 5·8 mm. (5'9-5'95 mm.) vs. 4·25 mm. 

Some other important measurements are as follows :-Greatest 
.zygomatic width 53'7-57·4 per cent (mean 55'5) of O.N .L. anterior 
palatine foramina 16'2 per cent of O.N.L. bimeatal distance 56 per cent 
·of O.N.L. ; nasal length 36· 5-39-0 per cent, mean 37'7, ofO.N .L. 

Genus (3) Gerbillus Desmarest 

Key for identification of Oriental species of Gerbillus, based on skull 
characters. 

0_ N. L., Occipitonasallength. 

1(2). Least interorbital width over 5 mm. (or over 18 per cent of O.N.L.) 
anterior palatine foramina under 15 per cent of O.N.L . 

..... . G. gleadowi Murray 

2(1), Least interorbital width under 5 n1m. (or under 18 per cent of O.N.L.); 
anterior palatine foramina over 15 per cent of O.N .L . 

... ... G. nanus nanus Blanfori 

...... G. dasyurus indus Thoma. 

1. Gerbillus nanus Blanford 

la. Gerbillus nanus nanus Blanford 

(Tables 7 and 8 ; and Plate 22) 

". General.· Skull small; occipitonasal length 23· 9--26' 8 mIn. (mean. 
25· 2), with slight depression in postero-dorsal portion of nasals ; rostrum 
straight and narrow; rostral width below 3-5 mm (2'9-3'4 mm.) or under 
13 % (11· 8-12-6 %) of O.N.L.; sutures between paired bones distinct; 
occipitonasal length exceeding condylobasal length. Nasals: Smaller 
than in Tatera indica, under 38 % (35.3-36 0 9 per cent) of O.N.L. VI. 
over 38 per cent (38· 5-45' 0 per cent) ; slanting anteriorly and projecting 
slightly forwards over incisors; posteriorly extending upto anterior 
-orbital margin and slightly shorter than ascending process of premaxillae. 
Frontals.' Short, frontal length less than twice the parietal length; 
narrowest just behina lacrymals ; least interorbital width under 5 mm. 
{3·9-4·5 mm.) or below 18 per cent (16·5-17'2 per cent) ofO.N.L. ; 
ridged on sides. Parietals.· Fairly well developed but relatively narrow, 
-parietal width II, 2-12-2 mm. (mean 11- 7) ; laterally extended ; lateral 
~xtensions nearly half the length of squamosals ; fronto-parietal suture 
smooth, curved anteriorly on sides. Interparietal.o Wider than long ; 
~lllterjor border sHghtly arched, pointing forward mediallv posterior 
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border convex posteriorly, with slight inflection in the middle. Occiput' 
Vertical, with moderately developed ridges; paroccipital processes 
distinct, closely applied to tympanic bullae. Zygomatic arches: Narrow; 
slanting upwards anteriorly to lacrymals; greatest zygomatic width 
under 55 per cent (52· 2-53· 5 per cent) of O.N.L.; zygomatic plate 
moderately thrown forward on either side of rostrum and having flattened 
anterior border; supramaxillary root of zygoma broad; infraorbital 
canal large; higher than wide. Squamosals: Small; supratympanic 
portion narrow; extending posteriorly upto mastoids; supratympanicl 
fenestrae small. Tympanic bullae: Oval; large, 7· 5-8· 8 mm. (mean 8· 2) 
or 30· 5-32·9 per cent (mean 32·1 per cent) ofO.N.L.; anteriorly touching· 
the hamular process of pt~rygoids ; external auditory meatus inflated and 
protruding anteriorly ; touching or not touching the zygomatic process 
of squamosals; mastoids slightly inflated; posteriorly not extending: 
beyond occiput. Palate: Shorter than in T indica, under 50 per cent 
(47·9-50·1 per cent) of O.N.L. vs. over 50 per cent (51·7-56·2 per cent),. 
extending posteriorly behind molars; anterior palatine foramina mode·­
rately long, over 15 per cent (15·1-17·1 per cent) of O.N.L. ; posterior­
palatine foramina small, under 1·7 mm. (1·3-1·65 mm.); extending from 
first inner fold of ml to first lamina of m2; upper cheek-tooth rows nearly' 
parallel and short, 11·2-12·7 percent (mean 11·9 per cent) of O.N.L.; 
diastema short, under 25 per cent (22·9-24·4 per cent) ofO.N.L.; ptery­
,oid fossae fairly developed and deep ; mesopterygoid fossa and basis .. · 
phenoid narrow. 

Mandible: Small; greatest length of mandible 12·5-13-8 mm (mean' 
13.2); mandibular length under 50 percent (47·0-47·7 per cent) ofO.N.L.; 
broader than in T indica, maximum width over 50 per cent (50-0-52·3 
per cent.) vs. under 50 per cent (46, 0-50·0 per cent) of G.L.M.; lower­
diastema length (2·8-3·1 mm., mean 3·0) less than root-length of lower 
molars (3·0-3· 8 mm., mean 3· 35); condylar process high, reaching the­
level of coronoid ; the latter m 11. 

Cranial foramina: similar to that of Tatera indica described above .. 

Dentition: Upper incisors opisthodont, yellow and longitudinally' 
Irooved ; lower incisors long and ungrooved, terminating posteriorly 
at the root of condylar process. Molars slightly hypsodont, rooted and 
biserially cusped ; cusps on wearing, form transverse laminae ; laminae­
jointed or unjointed ; inner folds longer than outer. Upper molars : 
ml with a small anterior lamina and biserially cusped second and third 
laminae ; cusps asymmetrically arranged ; inner cusp of third la~na 
larger and slightly posterior to outer, thus forming a. heel on outer border; 
antero-external and postero-internal folds larger and deeper than opposite­
ones ; m t bilarninate and separated by a pair of folds; mS with a large 
anterior lamina and a small posterior tubercle. Lower molars: m t 
trilaminate; anteriormost lamina lozenge-shaped; first pair of folds. 
meeting. medially; second inner fold deeper than outer and pushed 
anteriorly reaching the first pair ; rn. bilaminate, IDa unilaminate. 
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2. Gerbillus dasyurus Wagner 

2a. Gerbillus dasyurus indus Thomas 

(Tables 7 and 8 ; and Plate 23) 
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Skull almost sinlilar to that of Gerbillus nanus, only differing from 
it in having slightly smaller tympanic bullae, 7· 6-8· 3 mm. (mean 7·9) 
YI. 7·5-8·8 mm. (mean 8·2) or 31·6 per cent. of O.N.L. VS. 30·5-32·9 
per cent (mean 32·1 per cent ). 

Some of the other measurements are as follows :-Occipitonasal 
length 26·1 mm.; greatest zygomatic width 13· 6 mm. or 52 per cent of 
O.N.L.; least interorbital width 4·4 mm. or 16· 8 per cent of O.N.L.; 
nasal length 9·4-9·5 mm. (inean 9·4) or 36·0 per cent of O.N.L.; 
anterior palatine foramina 16· 8 per cent of O.N.L.; upper cheek-tooth 
row 3-1-3-2 mm. (mean 3'15) or 11·8 per cent of O.N.L.; diastema length 
6·2-6·2 mm. (mean 6'2) or 23·7 per cent of O.N.L.; greatest length of 
mandible 12·7-12·9 mm. (mean 12'8). 

3. Gerbillus gleadowi Murray 

3a. Gerbillus gleadowi gleadowi Murray 

(Tables 7 and 8; and Plate 24) 

Skull almost similar to that of Gerbillus nanus, but differs in the follow­
ing details :-Larger, occipitonasal length 25·7-29·2 mm. (mean 27· 5} 
YS. 23·9-26, 8 mm. (mean 25· 2) ; rostrum wider, over 3· 5 mm. (3' 6-3' 9) 
vs. under 3·5 mm. (2-9-3-4 mm.) or above 13 per cent (13·3-14·0percentl 
of O.N.L. vs. under 13 per cent (11·8-12·6 per cent); frontals and parie­
tals fairly broader; least interorbital width over 5 mm. (5'0--5· 8) vs. 
under 5 mm. (3-9-4-5) or above 18 per cent (18-9-19-4 per cent) ofO.N_L. 
vs. under 18 per cent. (16·5-17-2 per cent) ; parietal width over 12-8 mm. 
(12-9-13·9 mm.) vs. under 12·8 mm. (11-2--12'2 mm.); palate longer, 
over 50 per cent (50·0-51·4 per cent) of O.N.L. vs. under 50 per cent. 
(47·9-50·1 per cent) ; anterior palatine foramina smaller, below 15 per 
cent. (13·2-14·Spercent) of O.N.L. vs. over 15 percent (15·1-11·t 
per cent); posterior palatine foramina longer, 1·1-2'1 mm. (nlean 1'9) 
ys.l·3-1·65mm. (mean 1·4); diastema longer, overl/4th.(24·5-26·0 
per cent) of O.N.L. vs. under 1/4th (22'9-24·4 per cent); pterygoid 
fossae reduced; tympanic bullae smaller, 29·9-30·9 per cent (mean 
30-4 per cent) ofO.N.L. vs. 30·5-32·9 per cent (mean 32-1 per cent);­
external auditory meatus not touching the zygomatic arch; supra­
maxillary root of zygoma narrower. 

Mandible: Narrower than in G. nanus, maximunl width below 
50 per cent (44' 3-45· 3 per cent) vs. over 50 per cent (50'0-52' 3 per cent} 
of G_L.M.; lower diastem;t length (3' 5--4'0 mm., mean 3'8) more than the­
root length of lower molars (3-4-3-8 mm., mean 3°6). 
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Subfamily (ii) MICROTINAE 

Two genera were studied, namely, Pitymys McMurtrie and Altieol. 
"Blanford. 

Genus (4) Pitymys McMurtrie 

1. Pitymys sikimensis Hodgson 

1 Q. Pitymys sikimensis sikimensis Hodgson 

(Tables 9 and 10 ; and Plate 25) 

General: Skull small, occipitonasal length 24'1-26'4 mm_ (meaD 
25-75) ; dorsal surface flat; rostrum short and straight; sutures between 
paired maxilla and palatine bones disappearing; condylobasal length 
-exceeding occipitonasallength. Nasals: Short, under 1/3rd (27-8-32-1 
per cent) of O.N.L.; anteriorly not reaching the incisors; narrowest 
posteriorly and gradually becoming wider anteriorly ; width of anterior 
portion over twice the posterior; anterior and posterior extremities 
truncated; posteriorly extending upto anterior orbital margin and 
slightly shorter than ascending process of premaxillae. Frontals: 
Frontal length twice or less than twice the parietal length ; interorbital 
"constriction considerable; narrower than rostrum; least interorbital 
width 13·1-16'6 per cent (mean 14'9) of O.N.L.; supraorbital ridges 
forming or not forming median interorbital crest; po~teriorly ridges 
-diverging in transverse plane and crossing the anterior edge of parietals ; 
thence running posteriorly through the upper edge of squamosals, con .. 
verging slowly to hinder part of parietals and interparietal, meeting the 
>occipital. Parietals: Broader than long; laterally extended; lateral 
-extensions nearly half the length of squamosals ; fronto-parietal suture 
plane and deeply concave; parieto-squamosal suture posteriorly meeting 
the lateral sides of interparietal. Interparietal: Large; broader than 
long ; width over twice the length ; situated anterior to a line joining 
posterior extremity of squamosals and laterally touching it; anterior 
border arched, pointing forward medially and the posterior border convex 
"backwards. Occiput: Vertical ; ridges moderately developed on sides ; 
"supraoccipital not extending anteriorly on the sides of interparietal ; 
paroccipital processes distinct, posteriorly applied to tympanic bullae. 
Squamosals : Fairly well developed, forming major portion of the sides 
of cranium ; anteriorly encroaching upon frontals ; prominent peg-like 
projections present anteriorly for the attachment of temporal muscles; 
-supratympanic portion long, posteriorly meeting the occipitals and 
mastoids; supratympanic fenestrae large. Zygomatic arches: Strong, 
-widely spread laterally at anterior and posterior portion ; widest medially ; 
greatest zygomatic width 58·0-62'9 per cent (mean 60'0) of O.N.L.; 
"lower maxillary root stout, placed obliquely to long axis of skull and 
supporting fore-part of the zygomatic arch ; not projecting anteriorly 
10 supramaxillary root in form of zygomatic plate ; jugal short and narrow; 
2ygomatic process of squamosal long, extending anteriorly and meeting 
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the posterior end of jugal ; infraorbital canal fairly developed ; higher 
than wide. Tympanic bullae: Well inflated, with large auditory orifice; 
relatively smaller than in other species of this genus, 5·6-6·4 mm. (mean 
6·2) or under 25 per cent (22·6-25·2 per cent) of O.N.L. ; situated 
obliquely to long axis of the skull ; anteriorly touching the hamular 
process of pterygoids; mastoids large but not bulged out. Palate: 
Fairly well developed, 56·4-61·6 per cent (mean 59·0) of O.N.L. rather 
than over 60 per cent (Ellerman, 1947 a) ; not extending posteriorly 
behind molars; posteriorly terminating between postero-Iateral pits ; 
inner border of the pits connected with the sides of the median process 
of the palatine forming sloping septum ; portion of palate in between 
molars higher than anterior; anterior palatine foramina narrow; 
moderately long, 14·6-20·0 per cent (mean 17·0) of O.N.L. rather than 
over 1/5th of O.N.L. (Ellerman, 1962), ending anterior to the molars; 
Darjeeling (N. Bengal) specimens having smaller foramina than Sikkim 
ones (14·6-17·1 per cent, mean 15·8, of O.N.L. vs. 18·1-20·0 percent,. 
mean 19·3) ; posterior palatine foramina very sma1l1 situated in between 
second pair of molars; prominent groove running posteriorly from 
posterior end of each anterior palatine foramina on either side of median 
elevated tract, and after crossing the maxillo-palatine suture terminating 
in posterior palatine foramina; postero-Iateral pits perforated by 
numerous small foramina; upper cheek-tooth rows long, 5·5-6·5 mm .. 
(mean 6']) or under IJ4th (22·3-25'1 per cent) of O.N.L. rather than 
over 1/4th of O.N.L. (Ellerman, 1947a), slightly diverging posteriorly; 
diastema long, over 28 per cent (28·6-32·0 per cent) of O.N.L.; portion 
of maxillae supporting molars thickened and stout. Presphenoid and 
anterior portion of basisphenoid laterally compressed ; basisphenoidal 
canal connecting both the pterygoid fossae; the latter deeper than 
meso pterygoid fossa ; foramen ovale and foramen lacerum medius large ; 
optic foramen small ; foramen interpremaxillary small but distinct. 

_ Mandible: Robust; horizontal ramus thick bearing hypsodont 
cheek-teeth ; coronoid process sickle shaped, acute and high ; condylar 
process extending posteriorly beyond angular process ; the latter small; 
lower incisor-root forming slight protuberance between condylar and 
angular processes; deep pits present for muscle attachment between 
the molars and coronoid process ; masseteric ridge anteriorly strong ; 
mandibular length over 58 per cent (58·1-62'6 per cent) of O.N.L.; 
maximum width 49·4-50'9 per cent (mean 50·3) of G .L.M.; root-length 
of lower molars (36'3-39·8 per cent, mean 38'1, of G.L.M.) more than 
lower diastema length (24·1-26·2, mean 25'2 per cent, of G.L.M.). 

Dentition: Upper incisors orthodont or slightly proodont, yellow 
and ungrooved ; as thick as wide ; posteriorly extending upto first molar; 
lower incisors pale and ungrooved, longer and less curved than upper and 
posteriorly terminating into a knob in between condylar and angular 
processes. Molars i, hypsodont, prismatic and rootless. Upper 
molars : ml having 3 salient angles and 2 folds on each side, consisting 
of an anterior transverse loop and four alternating closed triangles ; 
first and third triangles being internal ; m I having 3 outer and 2 inner 
salient angles consisting of an anterior loop, 3 closed triangles and an 
extra postero-internal heel; first and third triangle being external ; 
separated by two outer and one inner folds ; second inner fold half; 
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:ml with 3 outer and 4 inner salient angles, consisting of an anterior loop, 
three closed triangles and a posterior loop ; the latter having two lingually 
·directed arms ; separated by 3 inner and 2 outer folds ; third outer fold 
half. Lower molars : m1 consisting of a posterior loop, three alternating 
·closed triangles, two pairs of confluent triangles . and an anterior loop; 
first and third triangle being internal; separated by 4 outer and 5 inner 
-folds ; anterior most outer fold shallow ; rna with a posterior loop and 
4 alternating closed triangles of which first being internal; separated by 
.two folds on each side ; rna consisting of 3 transverse loops. 

2. Pitymys leucurus Blyth 

2a. Pitymys leucurus leucurus Blyth 
(Tables 9 and 10) 

Skull almost similar to that of Pitymys sikimensis Hodgson, but 
tdiffers as follows :-Slightly wider, greatest zygomatic width 66'5 per cent 
l'S. 58'0-62'9 per cent (mean 60) of O.N.L.; tympanic bullae larger and 
'well inflated, over 7 mm. (7'2-7'35 mm.) vs. under 7 mm. (5·6-6·4mm.) 
or over 25 per cent (30'3 per cent) of O.N.L. vs. under 25 per cent 
(22'6-25'2 per cent); nasals slightly smaller, 26'8 per cent vs. 27'8-
32'1 per cent (mean 29'2) of O.N.L; supraorbital ridges nearing fusion 
in interorbital region (fusion not complete); fronto-parietal suture re­
latively straight; angular process of mandible slightly narrower; 
.root of lower incisors forming prominent knob below condylar process. 

Dentition (Text-fig. 7, b, b') differing from that of P. sikimensis 
in the following details: Upper incisors proodont and pale; rn3 reduced; 
-consisting of an anterior loop, two alternating closed triangles and a third 
triangle being confluent with posterior loop ; two folds on each -side ; 
posterointernal fold deep. Lower m1 consisting pf a posterior loop, 
three alternating closed triangles, a pair of confluent triangles and an 
anterior loop ; separated by four inner and three outer folds ; antero-

.. external fold shallow. 
Some of the other measurements are as follows :-Occipitonasal 

length 24· 2 mm.; condylobasal length 26·1 mm. upper cheek-tooth row 
6'0 mm. or 25'0 per cent of O.N.L.; anterior palatine foramina 16'7 
per cent ofO.N.L.; palate 61' 5 per cent ofO.N.L. 

Genus (5) Alticola Blanford 
.Key for identification of Orien,al species of Alticola, based on skull 

characters. 
,O.N.L., Occipitonasallength. 

1(2). Upper rna having two innerfolds; nasal length below 30 per cent 
of O.N.L., posteriorly slightly shorter than ascending process of 
premaxillae; rostral width over 18 per cent of O.N.L . 

.. . A. r.oylei roylei Gray 

2(1). Upper mB having one or two inner folds; nasal length over 30 
per cent of O.N.L., posteriorly equal to ascending process of 
premaxillae; rostral width under 18 per cent of O.N.L • 

• •• A. bhalnagari Biswas & Khajuria 
••• A.. stoliczkanus strachevi Thoma. 
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TEXT-PIG.7.-Molar crown pattern in subfamily Microtinae, family Muridae. 
a-i., right upper molars (mt, m I and mS). 
a/-i'., right lower molars (mH rna and rn3) . 
. 11, a'., Pitymys sikimensis Hodgson (Z.S.I. Reg. No. 10511 C!). 
b, b' ., Pitymys leucurus Blyth (No. 325/578 ~) . 
. c, c' ., Alticola roylei roy lei Gray (Z.S.I. Reg. No. 13277 C!). 
d, d'., Alticola stoliczkanus stracheyi Blanford (Z.S.I. Reg. No. 12433 ~). 
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·e., right mS of Alticola stoliczkanus stracheyi Blanford (Z.S.I. Reg. No. 12454 c1). 
I, f'. right mS and right ml of Alticola bhatnagari Biswas & Khajuria (Z.S.I. 

Reg. No. 12431 &'). 
I, g'., A/tieola bhatnagari Biswas & Khajuria (Z.S.I. Reg. No. 12392 ~). 
Jr, hi., Hyperacrius wynne; Blanford (Schiter cat. No. 'b'). 
i, i'., Ellobious luscocapillus Blyth 
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1. Altico)a royJei Gray 

la. Alticola roylei roylei Gray 

(Tables 11 and 12 ; and Plate 26) 

[VOL. 60. 

General: Skull small, occipitonasal length 24' 1-25' 7 mm. (mean. 
25· 1); dorsal surface flat ; rostrum short and &traight ; sutures between" 
paired maxilla and palatine bones disappearing; condylobasal length 
exceeding or not exceeding occipitonasal length. Nasals: Short, under 
30 per cent (28· 2-28· 8 per cent) of O. N. L.; anteriorly not reaching 
the front face of incisors ; narrowest posteriorly and gradually becoming 
wider anteriorly ; posteriorly slightly shorter than ascending process of 
premaxillae. Frontals: Frontal length over twice the parietal length ; . 
less interorbitally constricted than in Pitymys sikimensis, least interorbital 
width 15·4--17·4 per cent (mean 16'2) of O.N.L. vs. 13·3-16'6 per cent 
(mean 14·9); supraorbital ridges not forming median interorbital crest. 
Parietals: Broader than long and laterally extended ; fronto-parietal 
suture deeply concave and slightly zigzaged. Interparietal: Large; 
situated anterior to a line joining posterior extremity of squamosals ~ 
broader than long, width over twice the length; laterally touching, 
squamosals. Occiput: Vertical ; ridges moderately developed on sides ; 
paroccipital processes posteriorly applied to tympanic bullae. Squa­
mosals: Fairly well develQped; encroaching anteriorly over frontals ; 
anteriorly forming prominent peg-like projections for the attachment of" 
muscles ; supratympanic fenestrae large. Zygomatic arch'es: Strongly 
built ; widely spread laterally at anterior and posterior portion ; slightly 
narrower than in P. sikimensis, greatest zygomatic width 57· 5-58'5 
per cent (mean 58'0) vs. 58'0-62·9 per cent (mean 60'0) ofO.N.Lo. 
Tympanic bullae: Small, 5',5-6·2 mm. (mean 6'0) or under 1/4th (22·8-
24-2 per cent) of O.N.L.; situated obliquely to long axis of skull; 
mastoids large, but not bulged out. Palate: Shorter than in P. sikimensis, 
under 55 per cent (49-9-53-7 per cent) vs. over 55 per cent (56·4-
61-6 per cent) of D.N.L.; extending posteriorly upto third molar and 
terminating as a simple transverse shelf; anterior palatine foramina 
long, 18-4-20· 5 per cent (mean 19· 5 per cent) of O.N.L., rather than 
over 1/5th of D.N.L. (Ellerman, 1962), ending posteriorly anterior to 
molars; posterior palatine foramina very small; postero-lateraI pits 
deep, not in level with palate; upper cheek-tooth rows 5· 5-5·9 mm. 
(mean 5'7) or over 1/5th (21-9-23-0 per cent) of O.N.L. and slightly 
shorter than diastema length (26, 5-29-7 per cent, mean 28· 6 per cent~ 
of O.N.L.). 

Mandible: Robust, with sickle shaped and high coronoid process, 
posteriorly extending condylar process and hamulate angular process, 
masse~eric ridge prominent; mandible shorter than in P. sikimensis, 
mandIbular length 55·4-58·8 per cent (mean 57'0) of O.N.L. vs. 58'·1-
62·6 per cent (mean 60'7); maximum width under 50 per cent (46·8-
50·3 per cent) of G.L.M.; lower diastema length (22-4-27-0 per cent, 
mean 23-8, of G.L.M.) less than root-length of lower molars (36-3-38·9 
per cent, mean 37,6, of G.L.M.). 
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Dentition : Upper incisors orthodont, pale and lIngrooved; 
as thick as wide ; lower incisors ungrooved, extending posteriorly upto 
the root of condylar process, but externally indistinct. Molars.;.; 
hypsodont, prismatic and rootless. Upper molars: ml consisting of an 
anterior loop and 4 alternating closed triangles, separated by two pairs 
of folds ; first triangle being internal ; m 2 with an anterior loop and 3 
alternating closed triangles of which first being external, separated oy 
two outer and one inner folds; m3 having 3 salient angles on eacil sIde, 
consisting of an anterior loop, 3 small triangles and a posterior loop ; 
the latter having a lingually directed lobe; first triangle being confluent 
with anterior loop and third with posterior loop ; second triangle being 
internal and closed ; triangles separated by three outer and two inner 
folds; third o·uter fold very shallow. Lower molars: mt having a 
posterior loop, four alternating closed triangles and a fifth triangle 
confluent with anterior loop ; three outer and four inner folds present; 
m2 consisting of a posterior loop and two pairs of confluent triangles; 
rna having three transverse loops. 

2. Alticola stoliczkanus Blanford 

2a. Alticola stoliczkanus stracheyi Thomas 

(Tables 11 and 12 ) 

Skull almost similar to that of A. roylei roylei in size, etc., but differs 
as follows :-Condylobasallength always exceeding occipitonasallength ; 
nasals slightly longer, 30·5-30·8 per cent (mean 30·6) vs. 28·2-28·8 
per cent (mean 28·6) of O.N.L., extending posteriorly as far as ascending 
process of premaxillae; slightly broader posteriorly; fronto-parietal 
suture smooth; palate longer, 55·4 per cent of O.N.L. vs. 49·9-53·7 per 
cent (mean 52· 3) ; diastema slightly longer, 30·0-31-8 per cent (mean 
30·9) vs. 26· 5-29·7 per cent (mean 28-6) of O.N.L.; rostrum narrower, 
16·4 per cent vs. 18-1-21-0 per cent (mean 19· 2) of O.N.L. Mandible 
slightly longer than in Alticola roylei ; mandibular length 62·1-62· 2 per 
cent (mean 62·15) vs. 55·4-58· 8 per cent (mean 57·0) of O.N.L. 

Dentition (Text-fig. 7 d, e): Upper ml and m 2 as in A. roylei; rna 
displays two kinds of structure; firstly having three salient angles on each 
side, consisting of an anterior loop, three alternating triangles of which 
second being internal and closed, and a posterior loop with slight inden­
tation on inner side ; first and third triangles smaller and confluent rr.s­
pectively with anterior and posterior IQops ; having three outer and two 
inner folds; secondly there is tendency of reduction of third inner angle 
and indentation. of posterior loop ; thus giving ris~ to two i~ner angles 
and two outer and one inner folds. Lower ml wIth four salIent angles 
on each side, consisting of a posterior loop, five alternating closed tri­
angles and an anterior loop ; triangles separated by three folds on each 
side ; sometimes a shallow fourth outer fold present ; mt with three 
salient angles on each side, consisting of a posterior loop, two alternating 
closed triangles, and a confluent posterior pair; mslike mt but smaller. 

2 ZSI/63 4 
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Some of the other measurements are as follows :-Occipitonasal 
length 25·6-26'2 mm. (mean 25·9) ; condylobas"allength 26'7-26'7 mm~ 
(mean 26'7); greatest zygomatic width 58'4-59·0 per cent (mean; 
5S'7) of O.N.L.; least interorbital width 15·6-16·0 per cent (meaQ 
15'8) of O.N.L.; tympanic bullae 24'4 percent of O.N.L.; cheek-tooth: 
row 5'~-5.9S mm. (mean 5'9) or 22·7-23·0 per cent (mean 22·9) o~ 
O.N.L.; anterior palatine foramina 19·9-20-3 per cent (mean 20'I) 
of O.N.L. 

3. Alticola bhatDagari Biswas & Khajuria 

3a. A1ticola bhatDagari bhatnagari Biswas & Khajuria 

(Tables II and 12) 

Skull almost similar to that of A. stoliczkanus atrachey; in structure, 
etc., but differs as follows :-Slightly smaller, occipitonasallength 24·45-
24·7 mm. (mean 24'6) vs. 25'6-26'25 mm. (mean 25·9) ; having smaller 
tympanic bullae, under 6 mm. (5·75-5'9 mm.) vs. over 6 mm. (6'25-
6'4 mm.) or under 24 per cent (23'4-23'8 per cent) of O.N.L. VS. over 
24 per cent (24·4-24'4 per cent). Mandibles longer and narrower 
than in A. roylei; mandibular length 61-4-61'9 per cent (mean 61'7) 
·of O.N.L. VS. 55-4-58-8 per cent (mean 57'0 per cent); maximum width 
under 45 per cent (42-5-43-3 per cent) vs. over 45 per cent (46·8-50'3 
per cent) of G.L.M. 

Some of the other measurements are as follows :-Condylobasal 
length 25·0-25·2 mm. (mean 25·1) ; greatest zygomatic width 14'5 mm. 
or 58-7 per cent of O.N.L.; least interorbital width 16-4-16'7 per cent 
(mean 16'55) of O.N.L.; palate 54-6-54'8 per cent (mean 54·7) ofO.N.L.; 
anterior palatine foramina 17·5-20·2 per cent (mean 18·8) of O.N.L.; 
upper cheek-tooth row 5·7-5'9 mm. (mean 5'8) or 23'2-24·0 per cent 
(mean 23'6) of O.N.L.; nasal length 30·0-30·2 per cent (mean 30·1) 
of O.N.L. 

Discussion-Upper m3 (Text-fig. 7 /, g), both in Alticola stracheyi and' 
A. bhatnagari display two kinds of structure: (i) It consists of three 
salient angles on each side, separated by three outer and two inner folds, 
as in A. roylei roylei. (ii) Third inner angle shows reduction, thus 
giving rise to three outer and two inner salient angles separated by two 
outer and one inner folds; the third outer fold becoming very shallow_ 
Biswas & Khajuria (1957, p. 247) had mentioned the latter condition 
as a diagonastic character for A. bhatnagari, and Hinton (1926, p. 307) 
for adults of A. stracheyi. 

Subfamily (iii) CRlCETINAE 

Two genera were studied, namely, Ca!omyacus Thomas and Crieetu!ul 
Milne Edwards. 
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Key for identification of Oriental genera and species of Cricetinae, based 
" on skull characters. 

O.N.L.,Occipitonasallength. 

1 (3). Upper mt having 5 cusps. 
. Calomyscus Thomas 

2(4). Least interorbital width more than rostral width; occiput low, under 
3 mm. or under 10 per cent of O.N.L.; interparietal width over 
30 per cent of O.N.L. 

3(1). Upper ml having 6 cusps. 
• _ • Calomyscus bailwardi bailwardi Thomas 

. Cricetulus Milne-Edwards 
4(2). Least interorbital width less than rostral width; occiput high, over 

3"5 DlD1. or over 10 per cent of O.N.L.; interparietal width under 
30 per cent of O.N .L. 

. Cricetulus migratorius fulvus Blanford 

Genus (6) Calomyscus Thomas 

1. Calomyscus bailwardi Thomas 

A description of the skull of the typical subspecies is given below. 

la. Calomyscus bailwardi bailwardi Thomas 

(Tables 13 and 15 ; and Plate 27) 

General; Skull small, occipitonasallength 25·3-25·35 mm. (mean 
25· 3) ; dorsal surface fiat, slightly sloping anteriorly ; rostrum long and 
straight; rather narrow, 13·4-14·2 per cent (mean 13·8) of O.N.L.; 
sutures between paired bones distinct; occipitonasal length exceeding 
condylobasal length. Nasals: Medium-sized, 36·1-36· 3 per cent 
(mean 36· 2) of O.N.L.; slightly projecting forwards over incisors, 
anterior extremity truncated and posterior acute; narrowest posteriorly; 
and gradually becom~ng wider anteriorly ; posteriorly extending up to 
ascending process of premaxillae. Frontals: Frontal length less than 
twice the parietal length ; interorbital constriction broader than rostrum; 
narrowest medially, least interorbital width 15·4-16·6 per cent (mean 
lli·O) of O.N.L.; unridged on sides. Parietals: Fairly well developed 
broader than long ; laterally extended ; posteriorly meeting the occi­
pital on either side of interparietal.; fronto-parietal suture smooth 
Interparietal! Large and wide ; nearly two and half times wider than 
long, mean length and breadth respectively 13·2 and 35· 5 per cent of 
O.N.L.; situated nearly posterior to a line joining posterior extremity of 
squamosals and laterally not touching it. Occiput: Weak; low, 2·2-
2·5 mm. (mean 2-35) or 8-7-9·9 per cent (mean 9·3) of O.N.L.; ridges 
poorly developed ; supraoccipital extending anteriorly on the sides of 
interparietal; paroccipital processes small. Squamosals! Moderately 
developed ; post zygomatic portion reduced ; supratympanic processes 
oblique and posteriorly meeting the mastoids ; supratympanic fenestrae 
small ; postglenoid foramen large and shifted posteriorly above external 

4A 
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anditory meatus. Zygomaticarches: Thin and weak ; ·slightly diverging 
posteriorly, but nearly parallel ; greatest zygomatic width 50 per cent of 
O.N .L.; zygoma not descending ventrally to level of palate; lower 
maxillary root of zygoma narrower than in Microtinae, not projecting· 
anterior to supramaxillary root in form of zygomatic plate ; jugal long, 
but anteriorly not reaching to lacrymal ; zygomatic process of squamosal 
short; infraorbital canal higher than wide; wider abpve tp.an below. 
Tympanic bullae: Small, 15·8-16·8 per cent (mean 16'3) of O.N.L.; 
inflated posteriorly and gradually becoming pointed anteriorly; situated 
obliquely to longitudinal axis ; anteriorly touching hamular process. of 
pterygoids; auditory orifice large, situated ventro-Iaterally; mastoIds 
having distinct mastoid foramen, situated dorso-medially. Palate: 
Short, below 50 per cent (47·4-48·4 per cent) of O.N.L.; extending 
posteriorly slightly behind molars ; palate in between molars in level 
with pterygoid fossae and basioccipital; anterior palatIne foramina 
long, over 18 per cent (18·1 per cent) of O.N.L.; situated at equal dis­
tance from incisors and molars ; posterior palatine foramina very small ; 
upper cheek-tooth rows nearly parallel and short, 3-2-3-6 mm. (mean 
3'4) or 12-6-14·2 per cent (mean 13'4) of O.N.L.; diastema long, 
24' 5-26 per cent (mean 25' 2) of O.N.L.; shallow groove running 
posteriorly from posterior end of each a~terior palatine foramina and 
after· crossing maxillo-palatine suture and posterior palatine foramina, 
terminating in the pterygoid fossae; portion of maxillae supporting 
molars weak. Basioccipital and basisphenoid bones fairly developed ; 
basioccipital fairly high and gradually sloping anteriorly upto pres­
phenoid; pterygoid fossae very shallow, flat and slightly ventral to· 
mesopterygoid fossa. 

Mandible: Short; mandibular length under 50 per cent (45·8-48·4 
per cent) of O.N.L.; having acute and moderately developed coronoid 
process and small angular process ; the latter slightly extending post­
teriorly; lower incisor-root forming slight protuberance between 
coronoid and condylar processes : masseteric ridge feeble ; maximum 
width of mandible 50·0-52·8 per cent (mean 51·4) of G.L~M.; lower 
diastema length (24·8 per cent of G.L.M.) sub equal to root-length of 
lower molars (25' 2 per cent of G.L.M.). 

Dentition: Upper incisors opisthodont, yellow and ungrooved; 
thicker than wide ; passing posteriorly into maxillary bone and termi­
nating far anterior to molars; lower incisors pale and ungrooved, 
posteriorly. terminating as a protuberance in between coronoid and 
condylar processes. Molars l; brachyodont, biserially cuspidate 
and rooted. Upper molars: mt ·4-rooted ; m 2 4-rooted but posterior 
roots fused; m3 2-rooted; rol having 5 cusps, arranged alternately 
in two rows ; first cusp being antero-external ; separated by two folds 
on each side; outer folds obliquely projecting posteriorly; no root 
below third cusp; m 2 having 4 alternating cusps, of which first one 
being internal; separated by two outer and one inner folds ; m3 worn 
out but most likely formed of three cusps. Lower molars: mt having 
five and m;' four main cusps, arranged alternately- and two pairs of 
alternating folds; anterior two cusps in m1 fuse into one, with age; 
antero-ex~ernal fold shallow; rna with three cu·sps separated by a fold 
in each side; external fold shallow. -
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Genus (7) Cricetulus Milne Edwards 

1. Cricetulus migratorius Pallas 
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The description of the subspecies C. m. /ulvus Blanford is given 
below. 

la. Cricetulus migratorius fulvus Blanford 

(Tables 13 and 15 ; and Plate 28) 

General: Skull medium-sized; occipitonasallength 31-1-31-4 mm. 
(mean 31·3), rather than only 26·7 mm. (Ellerman, 1961); dorsal surface 
~loping forward; rostrum long and anteriorly curved downwards; 
rostral width 17·0-17-3 per cent (mean 17-1) of O.N.L.; cranium sloping 
posteriorly; sutures between paired bones distinct; occipitonasal 
length exceeding condyloba~al length. Nasals: Medium sized, 36·4-
36-5 per, cent (mean 36· 4) of O.N.L.; slightly projecting forwards over 
incisors ; narrowest pos\eriorly and gradually becoming wider anteriorly; 
anterior extremity rounded ; po~teriorly slightly shorter than ascending 
process of premaxillae ; the latter extending posteriorly behind lacrymals. 
Frontals: Frontal length less than twice the parietal length ; interorbital 
oonstriction narrower than rostrum ; least interorbital width 13· 6-
14· 3 per cent (mean 14·0) of O.N.L.; supraorbital ridges feeble. 
Parietals : Fairly well developed ; broader than long ; laterally extended; 
posteriorly meeting the occipital on either side of ,interparietal; fronto· 
parietal suture zigzaged. ,Interparietal: Situated anterior to a line joining 
poste~ior extremity of squamosals ; smaller than in Calomyscus bail­
wardi (mean length and breadth respectively g·O and 22·9 per cent of 
O.N.L. vs. 13· 2 and 35· 5 per cent); biconvex in shape; laterally not 
touching squamosals. Occipwt: Stout ; higher than t.hat of c. baii~va,.dfJ 
4-1-4'25 mm. (mean 4·2) vs. 2'2-2·5 mm. (mean 2·35) or 13·0-13·6 
per cent (mean 13·3) of O.N.L. vs. 8·7-9·9 per cent (mean 9·3) ; ridges 
moderately developed ; supraoccipital not extending anteriorly on sides 
of interparietal; 'paroccipital processes small. Squamosals: Moderately 
developed; supratympanic portion stout ; supratympanic fenestrae and 
postglenoid foramen small. Zygomatic arches: W~ak and thin; 
greatest zygomatic width over 50 per cent (53·7-54·3 per cent) of 
,O.N.L.; lower maxillary root of zygoma not projecting anterior to supra· 
maxillary root in form of zygomatic plate ; jugal sh'Ort ; infraorbital 
canal higher than wide and wider above than below. Tympanic bullae : 
Moderately large and inflated, 5· 5-5· 7 mm. (mean 5· 6) or over 17 per cent 
(17·7-18·1 per cent) orO.N.L.; anteriorly not so pointed as in C. bail­
ward;, but touching the hamular process of pterygoids ; mastoids reduced; 
mastoid foramen indistinct. Palate: Short, below 50 per cent (47• 7-49· 2 
per cent) of O.N.L.; extending posteriorly as far as molars; higher ante­
riorly and sloping posteriorly in between molars; anterior palat~ne foramIna 
long, 18·1-18·3 per cent (mean 18·2) of O_N.L., ending posteriorly 
slightly anterior to molars ; posterior pala tine foramina very small ; 
upper cheek-tooth rows parallel and short; 4·3-4·4 mm. mean 4·35) 
or 13'8-14-0 Der ,cent (mean 13·9) of O .. N.L. rather than 4·6 nIDI. or 
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17·2 per cent of O.N.L. (Ellerman, 1961) ; diastema long, 28·6-29·5 
per cent (mean 29'0) of O.N.L., over twice the length of cheek­
tooth row ; maxillo-palatine suture distinct ; portion of maxillae sup­
porting molars weak ; pterygoid fossae shallow and in level with meso­
pterygoid fossa; basisphenoid and basioccipital bones fairly wen 
developed. 

Mandible: Longer than that of C. bai/wardi I· mandibular length 
over 50 per cent (53·2-54·3 per cent) of O.N.L. VS. under 50 per cent 
(45°8-48'4 per cent) ; coronoid process stout, higher than condylar; 
angular process extending posteriorly ; coronoid and angular processes 
separated from condylar by deep curved space; lower incisor-root situated 
at the root of condylar process; maximum width of mandible 49·8-
SO· 3 per cent (mean 50'0) of G.L.M.; lower diastema length (30·2-31·4 
per cent, mean 30' 8, of G.L.M.) longer than root-length of lower molars 
(24°4-26' 7 per cent, mean 25' 5, of G.L.M.). 

Dentition: Upper incisors opisthodont, yellow and ungrooved; 
slig!ltly thicker than wide ; lower incisors pale and ungrooved, posteriorly 
terminating at the root of condylar process. Molars i ; biserially 
cuspidate and rooted. Upper molars : ml and rna 4-rooted, and mS 

3-rooted ; ml having 6 cusps, arranged in two longitudinal rows, separated 
by two inner and two deep posteriorly directed outer folds; in addition 
an anterior fold in between first pair of cusps present; anterior and 
outer folds on wearing leave three pits (the anterior shallow and the 
posterior two deep), one in between each pair of cusps; m 2 having 
4 large cusps and a small antero-external cusp; separated by a shallow 
inner and two deep posteriorly directing outer folds ; outer cusps smaller 
than inner; outer folds on wearing leave a pit in between each pair of 
cusps; m3 exactly like m2 but smaller. Lower molars: ml having 
6 main cusps and a rudimentary postero-internal one; separated by 
three inner and two outer folds, and an anterior fold in between first pair 
of cusps; m2 having 4 main cusps and a rudimentary antero-external 
and a postero-internal cusp; separated by two folds on each side; 
antero-internal fold fairly deep; ma like m2 but smaller. 

Subfamily (iv) MURINAE 

Four genera were studied, namely, Chiropodomys Peters, Rattus 
Frisch, Bandicota Gray and Nesokia Gray. 

Key for idenification of four Oriental genera of Murinae, based on ~kull 
characters. 

O. N. L., Occipitonasal length. 
1(4). Occipitonasal length exceeding condylobasal length; interparietal 

generally (except in subgenus Berylmys of genus Rattus) situated 
posterior to a line joining posterior extremity of squamosals. 

2(3). First upper molar consisting of 8 cusps ; postero.intemal cusp absent • 
zygomatic plate projecting anterior to supramaxillary root of 
zygomatic arch; nasals over 1/3rd of O. N. L. 

• •• Rattus Ficher 
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3(2). First upper molar consisting of 10 cusps; postero-intemal cusp and an 
extra cusp behind third row present; zygomatic plate not projecting 
anterior to supramaxillary root of zygomatic arch ; nasals under 
1/3rd of o. N. L. 

• .. Chiropodomys Peters 
4(1). Condylobasal length generally exceeding occipitonasallength; inter­

parietal always situated anterior to a line joining posterior extremity 
of squamosals. 

5(6). Anterior palatine foramina long, over 6·5 tnm. or over 15 per cent of 
o. N. L. ; first upper molar consisting of9 cusps; molars having the 
tendency to form transverse laminae. 

• .. Bandicota Gray 
6(5) •. Anterior palatine foramina small, under 6·5 nun. or under 15 per cer,t of 

O. N. L. ; molars always laminate. 

Genus (8) Chiropodomys Peters 

1. Chiropodomys gliroides Blyth 

1a. Chiropodomys gliroides gliroides Blyth 

(Tables 14 and 15 ; and Plate 29) 

• •. Nesokia Gray 

General: Skull small, occipitonasal length 22·3-26·0 mm. (mean 
24·3) ; cranium broad and much sloping posteriorly; rostrunl short; 
rostral width 16·9-19·2 per cent (mean 18·3) of o. N. L. ; sutures 
between paired bones distinct ; occipitonasal length exceeding condylo­
basal length. Nasals: Small, 25·9-31·6 per cent (mean 28·7) of O.N.L. ; 
extending anteriorly up to incisors and posteriorly upto ascending process 
of premaxillae ; anterior tip truncated or round and posterior acute. 
Frontals: Frontal length less than twice the parietal length; slightly 
constricted; narrowest just behind lacrymals ; least interorbital width 
17·1-21·0 per cent (mean 19·2) of O.N.L. ; ridged on sides; ridges 
diverging posteriorly over parietals, reaching the occiput. Parietals: 
Large ; much broader than frontals ; fronto-parietal suture plane and 
broadly V-shaped; temporal ridges fairly wide apart. Interparietal: 
Large ; width nearly twice the length ; situated behind a line joining 
posterior extremity of squamosals and laterally not touching it ; anterior 
border arched, pointing forward medially: posterior border convex 
'backward. Occiput: Vertical; low, 7·0-9'1 per cent (mean S·25) 
of O.N.L. ; crests poorly developed; extending anteriorly on both sides 
of interparietal ; paroccipital processes small ; foramen magnum situated 
somewhat ventrally. Squamosals: Small; postzygomatic portion of 
squamosal rather narrow ; supratympanic fenestrae absent ; postglenoid 
foramen large and shifted posteriorly above external auditory meatus. 
Zygomatic arches: Weak; greatest zygomatic width 57·3 per cent of 
O.N.L. ; anterior region narrower than posterior but relatively broader 
than in terrestrial genera of Murinae ; zygoma descending ventrally to 
level of palate ; inferior maxillary root of zygoma having straight anterior 
border and not projecting anterior to supramaxillary root ; jugal short 
and confined to posterior half of zygomatic arches ; infraorbital canal 
higher than wide. Tympanic bullae: Small, 14-4-15·2 per cent (mean 
14-75) of O.N.L_ ; anteriorly touching the hamular process of pterygoids ; 
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auditory orifice large, situated ventrolaterally; mastoids small~ Palate: 
Short; under 50 per cent (47-3-49·6 per cent) of O.N.L., extending 
posteriorly upto hinder end of molars ; anterior palatine foramina small, 
under 15 per cent (12·4-13-9 per cent) of O.N.L. ; situated at equal 
distance from incisors and molars ; anterior half formed by premaxillae 
and posterior half by maxillae ; upper cheek-tooth rows nearly parallel 
and short, 12·7-15·2 per cent (mean 13-9) of O.N.L.; diastema over 
1/4th (25·4-27·9 pe~ cent) of O.N.L. ; portion of maxillae supporting' 
molars weak ; basioccipital broad ; pterygoid fossae shallow and ven­
tral to mesopterygoid fossa. 

Mandible: Long; mandibular ~ength over SO.per cent (53.2-55 0 8 
per cent) of O.N.L. ; coronoid process small and reduced, little higher 
than condylar; distance between coronoid and condylar .processes 
considerable; angular process short, slightly extending posteriorly; 
root of lower incisors not prominent, lying below the coronoid process ; 
masseteric ridge feeble; maximum width of mandi1;>le below 50 per cent 
(45 0 0-50'3 per cent) of G.L.M.; lower diastema length (21·5-24·6 
per cent, mean 22·9 per cent, of G.L.M.) slightly shorter than root­
length of lower molars (21·7-26"2 per cent, mean 24"1 per cent, of 
G.L.M.). 

Dentition: Upper incisors orthodont and ungrooved ; thicker than 
wide ; posteriorly terminating anterior to molars ; lower incisors long, 
posteriorly extending up to coronoid process. Molars ~~; brachyodont 
and rooted. Upper molars: m2 smaller than ml; rna much smaller 
than m2 ; ro l having 10 cusps arranged in three transverse rows of 3 
cusps and an extra small postero-external cusp behind third row; rn2 
like mt, except that the front lamina lacking the central cusp, and antero­
external cusp reduced; rna having an antero-internal cusp in front lamina, 
three cusps in second and two cusps in the third lamina. Lower molars : 
having two longitudinal rows of functional cusps and an outer row of 
vestigeal cusps; on wearing mt consisting of 3 laminae, m2 and ma 

two each; m l having 5 transverse rows of cusps, two small cusps in 
first row, two large and one small in each second, third and fourth row 
and a cusp behind it representing heel; rn2 having an antero-external 
cusp in first row, two large and one small cusps in each second and 
third row and a heel ; rna with an antero-external cusp and two cusps 
in each second and third row. 

Genus (9) Rattus Fischer 

I. R.attus rattus Linnaeus 

la. Rattus rattus arboreus Horsfield 

(Tables 16 and 17 ; and Plate 30) 

General: Skull medium-sized; occipitonasal length 38·3-41-4 mm. 
(mean 39-7); dorsal surface flat, slightly. sloping anteriorly and -post~riorly; 
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rostrum long; rostral width 15·7-17-9 per cent (mean 16'6) of 
O.N.L. ; sutures between paired bones distinct ; cranium rather narrow ; 
occipitonasallength exceeding condylobasallength. Nasals: Small, 32·0 
-36-8 per cent (mean 35'1) of O.N.L_ ; slightly projecting forwards over 
incisors; posteriorly slightly shorter than ascending process of premaxi­
llae ; anterior extremity rounded and posterior acute. Frontals: Narrow ; 
interorbital constriction narrower than rostrum ; narrowest just behind 
lacrymals, least interorbital width 13-6-14·7 per cent (mean 14'1) 
of O.N .L. ; ridged on sides ; ridges extending posteriorly slightly diverg­
ing, over anterior half of parietals; thence converging and meeting 
lateral ends of interparietal; maximum distance" between temporal 
ridges under 15 mm. (12'5-14 mm.). Parietals: Large; parietal length 
over one-half the frontal length ; wider than long ; laterally extended ; 
the lateral extensions long, at least half the squamosal length; fronto­
parietal suture nearly straight, slightly curved anteriorly on sides. Inter­
parietal: Large ; width twice or more, of the length ; situated nearly 
behind a line joining posterior extremity of squamosals; anterior 
border arched, pointing forward medially; posterior border convex 
backward. Occiput: Vertical; low, 9'7-12'0 per cent (mean 10'9) 
of O.N.L. ; ridges moderately developed; extending anteriorly on the 
sides of interparietal; paroccipital processes distinct. Squamosals: 
Moderately large, with fairly developed crests ; supratympanic fenestrae 
absent. Zygomatic arches: Narrow; widest medially and gradually 
becoming narrower anteriorly; greatest zygomatic width 45'0-50'0 
per cent (mean 48'65) of O.N.L. ; zygoma descending ventrally to level 
of palate ; jugal confined to posterior two-thirds of zygomatic arches ; 
zygomatic process of maxilla long, extending posteriorly to anterior 
two-thirds portion of zygomatic arches; zygomatic plate extending 
anterior to supramaxillary root of zygoma and having nearly straight 
anterior border ; infraorbital canal higher than wide. Tympanic bullae: 
Moderately large; inflated; 16'9-18'5 per cent (mean 17'7) of O.N.L. ; 
situated slightly oblique to longitudinal axis; converging anteriorly 
and touching the hamular process of pterygoids ; auditory orifice large : 
mastoids small_ Palate: Long, over 50 per cent (51'9-54'7 per cent) 
of o. N. L., extending posteriorly behind molars; portion of palate in 
between molars being in the same plane as the anterior ; anterior palatine 
foramina long, 15'6-17-6 per cent (mean 16'8) of O. N. L., reaching 
posteriorly to molars; anterior one-third portion formed by premaxillae 
and posterior two-thirds by maxillae; posterior palatine foramina 
very small; shallow groove running backward from posterior end of 
each anterior palatine foramina and terminating in pterygoid fossa of 
respective side; upper cheek-tooth rows parallel or slightly diverging 
posteriorly, 5'8-6"6 mm. (mean 6·2) or 15'0-16·3 per cent (mean 15·6) 
of O. N. L.; diastema 24'2-26'2 per cent (mean 25'3) of o. N. L. ; 
orbito-temporal fossa large, 32'7-35·2 per cent (mean 33'9) of O. N. L. ; 
portion of maxillae supporting molars weak. Pterygoid fossae moder .. 
ately deep and in level with mesopterygoid fossa; foramen ovale, 
foramen lacerum medius and interpterygoid foramina distinct. 

Mandible: Long and broad; mandibular length 49·1-52'8 per cent 
(mean 51·4) of O. N. L.; maximum width over 50 per cent (52.2-
5S·7 per cent) of G. L. M.; root-length of lower molars (28·2-31-2. 
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per cent, mean 29°6, of G. L. M.) more than lower diastema length 
(23·1-21·9 per cent, mean 25°0 of G. L. M.); having moderately 
developed coronoid process and posteriorly extended angular process; 
masseteric ridge moderately developed ; lower incisor root not prominent, 
situated below coronoid process. 

Dentition: Upper incisors orthodont and ungrooved; thicker 
than wide; posteriorly passing into maxillary bone and ending much 
anterior to molars; lower incisors yellow, extending posteriorly up to 
the root of condylar process. Molars i; cuspidate and rooted. Upper 
molars : m2 smaller. than ml, and rn3 smaller than m2; outer row.of 
cusps smaller than middle and inner rows. ml having 8 cusps, arranged 
in three transverse rows-three in each of the first and second rows 
and two in the third; postero-internal cusp absent; rn2 with 6 cusps, 
an antero-internal cusp in front lamina, three in the second and two 
in the third; antero-external cusp generally absent or rudimentary ; 
mS like rna. Lower molars: ml trilaminate, having two cusps in each 
lamina, and a heel posterior to this; an additional outer cusp beside 
third lamina present; m2 like m l except the front lamina which is 
represented by only antero-external cusp; ma having an antero-external 
cusp, two cusps in the anterior and one cusp in posterior lamina. 

2. Rattus rajah Thomas 

2a. Rattus rajah surifer Miller 

(Tables 16 and 11) 

Skull almost similar to that of Rattus rattus arb 0 reus in structure 
etc., but differs as follows :-Longer and narrower ; occipitonasallength 
39·5-41·3 mm. (mean 42·6) vs. 38·3-41·4 mm. (mean 39'7) and greatest 
zygomatic width under 46 per cent (41 01-450 4 per cent) of O. N. L. vs. 
over 46 per cent (45 0 8-500 0 per cent) ; frontals slightly less constricted, 
least interorbital width 13'4-11'4 per cent (mean 15·5) of O. N. L. vs. 
13·6-14·1 per cent (mean 14·1) ; heavily ridged on sides; ridges forming 
slight projection at lateral extremities of fronto-parietal suture ; temporal 
ridges widely separated, maximum distance between temporal ridges 
over 15 mm. vs. under 15 mm. (12·5-14 mm.); interparietal large; 
posterior border broadly V-shaped, pointing backwards medially; 
width less than twice the length; occiput higher, 12·8-14'6 per cent 
(mean 13·6) of O. N. L. vs. 9'1-12'0 per cent (mean 10'9), and strongly 
ridged; zygomatic plate projecting less anteriorly to supramaxillary 
root than in R. arboreus; palate shorter, under 50 per cent (45·5-
48'0 per cent) of O. N. L. vs. over 50 per cent (51'9--54·7 per cent) ; 
posteriorly not extending behind molars; anterior palatine foramina 
smaller, under 15 per cent (12'Q-14'6 per cent) of O. N. L. vs. over 
15 per cent (15·6-11'6 per cent), situated at equal distance from incisors 
and molars; cheek-tooth row slightly shorter, 12-8-15-7 per cent 
(mean 14·4) of O. N. L, vs. 15-0-16·3 per cent (mean 15·6); pterygoid 
fossae shallow and much elongated; orbito-temporal fossa shorter, 
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under 1/3rd (28-1-31'1 per cent) of O. N. L. vs. over 1/3rd (32-7-
35·2 per cent); tympanic bullae smaller, 10'3-11'7 per cent (mean 11·0) 
of o. N_ L. vs. 16'9-18·5 per cent (mean 17·7). 

Mandible: Differing from that of R. rattus arboreus in being smaller 
and narrower; mandibular length under 50 per cent (46·4-49·2 per cent) 
of O. N. L. vs. 49'1-52'8 per cent (mean 51'4) and maximum width 
under 50'0 per cent (45'2-47'6 per cent) of G. L. M. vs. over 50 per cent 
(52-2-55·7 per cent); coronoid process relatively smaller and angular 
process less posteriorly extended. 

Dentition i Similar to that of R. rattus arboreus except that the upper 
incisors are opisthodont instead of orthodont, and second upper molar 
having 7 cusps including a small antero-external cusp in the first lamina_ 

3. Rattus cutchicus Wroughton 

30. Rat*us cutchicus -siva Thomas 

(Tables 16 and 17) 

Skull differing from that of R_ raltus arboreus as follows :-Smaller 
and narrower; occipitonasal length 32'3-33·8 mm. (mean 33-1) vs. 
38-3-41'4 mm. (mean 39'7) and greatest zygomatic width 44'6-47-7 
per cent (mean 45'8) of O. N. L. vs. 45'8-50 per cent (mean 48'6) ; 
rostrum narrower, pointed and curved downwards anteriorly; nasals 
longer, 39'0-40-0 per cent (mean 39·3) of O. N. L. vs. 32·0-36·8 per cent 
(mean 35·1), projecting much anteriorly over incisors; parietals short, 
parietal length less than one-half the frontal length; tympanic bullae 
smaller, 13'3-15'6 per cent (mean 14-7) ofO. N. L. vs. 16'9-18·5 per cent 
(mean 17·7) ; palate shorter, under 50 per cent (46·3-48·6 per cent) of 
O. N. L. vs. over 50 per cent (51·9-54·7 per cent), not extending posteriorly 
beyond molars; anterior palatine foramina long, over 1/5th (20'0-
22-2 per c~t) of O. N. L. vs. under 1/5th (15·6-17·6 per cent), extending 
posteriorly in between molars; diastema shorter, 22·4-24·3 per cent 
(mean 23·4) of o. N. L. vs. 24'2-26·2 per cent (mean 25·3); pterygoid 
fossae shallow. 

Mandible: Smaller and narrower; mandibular length under 50 
per cent (48-3-49·5 per cent) of O. N. L. vs. 49·1-52·8 per cent (mean 
51-4) ; maximum width under 50 per cent (43·4-46"7 per cent) ofG. L. M. 
vs. over 50 per cent (52·2-55·7 per cent); coronoid process small and 
weak. 

Dentition: Incisors opisthodont; second upper molar ha yin g 
7 cusps ; antero-external cusp generally present in front lamina. 
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4. Rattus fulvescens Gray 

4a. Rattus fulvescens fulvescens Gray 

(Tables 16 and 17) 

[VOL. 60, 

Skull similar to that of R. rattus arboreus in structure, etc., but differing 
as follows :-Lighter in built; smaller and narrower; occipitonasal 
length 34·9-39·2 mm. (mean 37·0) vs. 38·3-41·4 mm. (mean 39·7) 
and greatest zygomatic width 43·9-46·0 per cent (mean 44·7) of O. N. L. 
vs. 45·8-50·0 per cent (mean 48·6); zygomatic arches wea~er; frontals 
slightly less constricted, least interorbital width 13·2-16·8 per cent­
(mean 15·2) of O. N. L. vs. 13·6-14·7 per cent (mean 14·1); nasals 
slightly longer, 34·9-37·8 per cent (mean 36·8) of O. N. L. vs. 32·0-
36· 8 per cent (mean 35·1), projecting anterior to incisors; temporal 
ridges over parietals more widely separated, maximum distance 13-5-
15·0 mm. vs. 12· 5-14·0 mm.; palate shorter, under 50 per cent (46·4-
49·9 per cent) of O. N. L. vs. over 50 per cent (51·9-54·7 per cent), 
not extending beyond molars; anterior palatine foramina shorter and 
more open, 12·9-16·5 per cent (mean 15·0) of O. N. L. vs. 15·6-17·6 
per cent (mean 16·8); orbito-temporal fossa shorter, under 1/3rd (29·6-
32·4 per cent) of O. N. L. vs. over 1/3rd (~2·7-35·2 per cent) ; 
tympanic bullae much smaller, under 5 mm. (4· 5-5·0 mm.) vs. over 5 mm. 
(6·6-7·5 mm.) or 12·0-14·1 per cent (mean 12·7) ofO. N. L. vs. 16·9-
18· 5 per cent (mean 17· 7); pterygoid fossae shallower and much elon­
gated; mesopterygoid fossa broader. 

Mandible: Shorter and narrower; mandibular length 44· 5-49· 5 
per cent (mean 47· 5) of O. N. L. vs. 49·1-52·8 per cent (mean 51·4) 
and ·maximum width under 50 per cent (48·0-50·0 per cent) of G. L. M. 
vs. over 50 per cent (52·2-55·7 per cent) ; coronoid process small. 

Dentition: Incisors opisthodont and smaller; molars like that of 
R. rattus arboreus. 

5. Rattus manipulus Thomas 

5a. Rattus maniJ.lulus manipulus Thomas 

(Tables 16 and 17) 

Skull differing from that of R. rattus arboreus as follows :-Slightly 
smaller on an average, occipitonasallength 35·8-41·0 mm. (mean 37·3) 
vs. 38·3-41·4 mm. (mean 39·7) ; 'and broader, greatest zygomatic width 
over 50 per cent (50·1-53·6 per cent) of O. N. L. vs. under 50 per cent 
(45·8-50·0 per cent); zygomatic arches widest posteriorly; nasals 
longer, 38·1-42·2 per cent (mean 39·8) ofO. N. L. vs. 32·0-36·S·per cent 
(mean 35'1); anteriorly less projecting over incisors and posteriorly 
extending backwards beyond lacrymals; frontals less constricted, 
least interorbital width 15·6-17·4 per cent' (mean 16-45) 'of O. N. L. 
1'8. 13-6-14-7 per cent (mean 14·1); feebly ridged; temporal ridges 
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over parietals closer, maximum distance under 12· 5 mm- VS .. over 12· 5 111m. 
(12· 5-14·0 mm.); interparietal shorter antero-posteriorly, length 
being one-third of the width; in adults situated nearly anterior to a 
line joining posterior extremity of squamosals; occiput' higher 14· 6-
16'4 per cent (mean 15·45) of O. N. L. vs. 9·7-12·0 per cent (mean 10·9) '; 
palate slightly longer on an average, 53·2-54·9 per cent (mean 54·1) 
of O. N. L. vs. 51·9-54·7 per cent (mean 53·2) ; posteriorly not extending 
behind molars ; upper cheek-tooth row shorter, 5· 3-6·1 mm. (mean 5· 6) 
vs. 5·8-6'6 mm. (mean 6·2) or 13·4-16·6 per cent (mean 14·9) ofO. N. L_ 
VS. 15'2-16·3 per cent (mean 15'7); anterior palatine foramina slightly 
longer, 17·0-19·5 per cent (mean 17-8) ofO. N. L. vs.'15·6-17-6 per cent 
(mean 16· 8), posteriorly not reaching to molars; diastema longer, 
over 31 per cent (31·2-32·9 per cent) of O. N. L. vs. under 31 per cent 
(24· 2-26· 2 per cent); orbito-temporal fossa slightly smaller on an 
average, 30·7-33'3 per cent (mean 31'9) oro. N. L. vs_ 32·7-35'2 per cent 
(mean 33-9)_ 

Mandible.' Differing from that of R. rattus arboreus in being slightly 
longer and narrower; mandibular length 52'7-56'0 per cent (mean 
54·8) of O. N. L. vs. 49'1-52·8 per cent (mean 51'4), and maximum 
width 51·1-54·0 per cent (mean 51'8) of G. L. M. vs. 52·2-55·7 per cent 
(mean 54·4); lower diastema length (25·9-30·0 per cent, mean 27'7, 
of G. L. M.) more than root-length of lower molars (24· 0-28' 4 per cent, 
mean 26·1, of G. L. M.); root of lower incisor forming prominent 
knob beside condylar process. 

Dentition.' Differing from that of R. rattus arboreus in having incisors 
slightly proodont instead of orthodont, and molars having slight tendency 
to form transverse laminae; antero-external cusp of second upper 
molar absent. 

6. Rattus bowersi Anderson 

6a. Rattus bowersi mackenziei Thomas 

(Tables 16 and 17) 

Skull similar to that of Rattus manipulus in structure, etc., but differing 
as follows :-Longer and narrower; occipitonasallength 43'8-49·0 mm. 
(mean 46·5) vs. 35·8-41·0 mm. (mean 37-3) and greatest zygomatic 
width under 50 per cent (47·8-49·0 per cent) of O. N. L. vs. over 50 
per cent (50'1-53' 6 per cent); frontals slightly more constricted, least 
interorbital width 14·1-16·0 per cent (mean 14'7) of o. N. L. vs. 15'6-
17-4 per cent (mean 16·45); ridges feeble over parietals but extending 
up to occiput, rathe! than absent (Ellerma~, 1961); . interparietal not 
so reduced lengthwIse, length over one-thIrd the wIdth; tympanie 
bullae smaller, 13-3-13-8 per cent (mean 13·6) of O. N. L. VaS'. 14'1-
15· 3 per cent (mean 14-9) ; upper· cheek-tooth row longer, over 7 mm. 
(7·7-S·0mm.)vs. under 7 mm. (5·3-6·lmm.) or 16'2-17'9 per cent 
(mean 16·7) of O. N_·L. vs. 13-4-16·6 per cent (mean 14·9); diastema 
shorter, under 30 per cent (28-0-29-3 per cent) of O. N. L. vs_ 'over 
30 per Q}nt (31-2-32-9 per cent). 
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Mandible: Differing from that of R. manipulus in having lower 
diastema-length shorter than root-length of lower molars, and lower 
incisor-root less prominent. 

Dentition: Incisors orthodont instead of proodont. Molars exactly 
like that of R. manipulus. 

Genus (10) Bandicota Gray 

Key for identification of Oriental species of Bandicota, based on skull 
characters. 

o. N. L., Occipitonasal length. 

1(6). Zygomatic width under 57 per cent of o. N. L.; anterior palatine 
foramina posteriorly as wide as anteriorly; tympanic bullae under 
20 per cent of o. N. L.; nasals over 1/3rd of O. N. L • 

•.• B. indica Bechstein 
2(3}. O. N. L. under 50 tnm.; diastema less than half the palate . 

••• B. indica savilei Thomas 
3(2). O. N. L. over 50 mm.; diastema more than half the palate. 
4(5). Nasals over 38 per cent of o. N. L.; orbit length under 35 per cent of 

O. N. L. 
• .• B. indica indica Bechstein 

5(4). Nasals under 38 per cent of O. N. L.; orbit length over 3S per cent of 
O. N. L. 

. . . B. indica nemorivaga Hodgson 
6(1). Zygomatic width over 57 per cent of O. N. L.; anterior palatine 

foramina much narrower posteriorly than anteriorly; tympanic 
bullae over 1/5th of O. N. L.; nasals under 1/3rd of O. N. L • 

••• B. bengalensis Gray 

1. Bandicota bengalensis Gray 

la. Bandicota bengaleusis bengalensis Gray 

(Tables 18 and 19) 

General i Skull medium-sized, occipitonasal length 37·2-42·3 mnl. 
(mean 39· 4); dorsal surface nearly fiat, slightly sloping anteriorly and 
posteriorly; rostrum short and wide, rostral width 18·9-21· 5 per cent 
(mean 20·4) of 0- N. L. ; sutures between paired bones distinct; cranium 
rather narrow; condylobasal length exceeding occipitonasal length. 
Nasals i Small, under 1/3rd (28·8-33-3 per cent) of O. N. L.; ending 
anteriorly behind incisors and posteriorly slightly shorter than ascending 
process of premaxillae; posterior~y much 1?arrower tha~ anteri.or. 
Frontals i Frontal length less th~n tWIce the parIetal length ; InterorbItal 
constriction narrower than rostrum; narrowest at anterior one-third 
portion of zygomatic fossa; least interorbital width 14·0-17-0 per cent 
(mean 15·5) ofO. N. L. ; strongly ridged on sides; frontal suture feeble. 
Parietals i Large, broader than long; laterally extended; lateral exten­
sions posteriorly meeting the occiput on either side of interparietal ; 
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temporal ridges prominent and wider apart; fronto-parietal suture 
zigzaged. Interparietal: Moderately developed; situated anterior 
to a line joining posterior extremity of squamosals ; rectangular or dome­
shaped; reducing in width with narrowing of temporal ridges; suture 
between parietals and interparietal much zigzaged. Occiput: High, 
13·8-16·5 per cent (mean 15·4) of O. N. L.; slightly sloping backwards 
and strongly ridged; paroccipital processes small. Squamosals: Fairly 
developed; postzygomatic portion moderately broad; slight projection 
formed by frontal ridges at lateral extremities of frontoparietal suture ; 
supratympanic fenestrae absent. Zygomatic arches: Widely spread 
laterally; greatest zygomatic width 59·4-65· 5 per cent (mean 62·4) 
of o. N. L.; zygoma not descending ventrally to level of palate; zygo­
matic plate projecting anterior to supramaxillary root of zygomatic 
arch and having slightly concave anterior border; zygomatic process of 
maxilla extending posteriorly up to two-thirds portion of zygomatic 
arch; jugal narrow and reduced; zygomatic process of squamosal 
fairly developed; infraorbital canal higher than wide; orbitotemporal 
fossa moderately long, 34·5-38-5 per cent (mean 37·2) of O. N. L. 
Tympanic bullae: Large, inflated; over 1/5th (21· 5-23·6 per cent) of 
O. N. L.; mastoids small and uninflated; supramastoid foramen small 
but distinct. Palate: Long, 59·4-63·1 per cent (mean 61·7) of O. N. L., 
extending posteriorly slightly behind molars ; portion of palate in between 
molars slightly higher than anterior; anterior palatine foramina long, 
7·0-8·6 mm. (mean 7·85) or 18·4-22·2 per cent (mean 19·9) of o. N. L. 
rather than over Ij5th of O. N. L. (Ellerman, 1961); posterior end of 
foramina much narrower than anterior and slightly extending in between 
molars; anterior one-third portion formed by premaxillae and posterior 
two-thirds by maxillae; posterior palatine foramina small; cheek­
tooth rows nearly parallel, 6·7-7·7 mm. (mean 7·25) or under Ij5th 
(16·5-19-3 per cent) of O. N. L.; diastema long, 28·7-, 33·5 per cent 
(mean 30·8) of O. N. L.; shallow groove running posteriorly from 
posterior end of each anterior palatine foramina, and after crossing 
posterior palatine foramina terminating in pterygoid fossa of respective 
sides. pterygoid fossae deep, slightly deeper than the mesopterygoid 
fossa; hamular process of pterygoids extending posteriorly up to 
tympanic bullae but are higher and not touching it; foramen ovale, 
foramen lace rum medius and interpterygoid foramen distinct; basiocci­
pital extending anteriorly up to hamular process. 

Mandible; Stout; long, mandibular length over 60 per cent (60·2-
64·1 per cent) of O. N. L.; having high backwardly curved coronoid 
pocess and broad angular process ; lower incisor-root forming prominent 
knob beside condylar process, nearly as high as this; masseteric ridge 
prominent; maximum width of mandible 56·4-64·2 per cent (mean 60.3) 
of G. L. M.; lower diastema length (6-0-7·25 mm., mean 6·9) shorter 
than root-lengtb of lower mo1ars (6·7-8·1 mmo, mean 70 45). 

Dentition! Upper incisors proodont,.yellow and ungrooved ; slightly 
thicker than wide; extending posteriorly upto posterior end of anterior 
palatine foramina; lower incisors long, yellow and ungrooved ; terminat­
ing posteriorly into a prominent knob beside condylar process. Molars 
originally triserially cuspidate but with tendency towards fusion to form 
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transverse laminae; rooted. .Upper molars: m1 5-rooted, rna 4-rooted, 
and rn3 3-rooted; ml trilaminate, 9 cusped rather than 8 cusped 
(Wroughton, 1919b, p. 783), 3 in each lamina; m' 7 cusped, an 
antero-internal cusp representing original front lamina, and three 
cusps in each of the second and third lamina; m3 exactly like rna but 
smaller; number of cusps. in the last lamina probably two; rarely 
antero-external cusp also present. Lower molars : Number of laminae 
ill each molar similar to uppers; outer row of cusps vestigeal; mt 
8-cusped, two in first lamina and three cusps in each of the second and 
third lamina; m2 having an antero-external cusp followed by three cusps 
in each succeeding lamina; rna having an antero-external cusp and two 
cusps in each succeeding lamina. 

lb. Bandicot.a bengalensis kok Gray 

(Tables 18 and 19 ; and Plate 31) 

Skull almost similar to that of B. bengalensis bengalensis in structure 
etc., but differs as follows :-Slightly smaller, occipitonasal. length 
36·0-40·9 mm. (mean 38'1) vs. 37·2-42·3 mm. (mean 39'4); anterior 
palatine foramina slightly smaller, 17-3-20'4 per cent (mean 19'1) of 
O. N. L. vs. 18·4-22·2 per cent (mean 19'9) rat~er than longer (Anderson, 
1878, p. 221) ; cheek-tooth rows nearly equal in length, 6·8-7·8 mm. 
(mean 7·4) vs. 6·7-7·7 mm. (mean 7'3) rather than longer (over 7 mm.) 
in B. b. kok and. smaller (under 7 mm.) in B. h. hengalensis (Ellerman, 
1947b) or over 7· 5 mm. in B. b. kok and under 7· 5 mm. in B. h. bengalensis 
(Wroughton, 1908, p. 743; and 1919b, p. 787); palate slightly ~maller 
on an average~ 58·1-62·1 per cent (mean 60'1) of o. N. L. vs. 59·4-
63·1 per cent (mean 61· 5). Incisors slightly less proodont than in 
B. b. bengalensis. 

Variations.' Male skulls, both ·in B. b. bengalensis and B. h. kok, 
are slightly longer than those of females. 

·Some of the other measurements are as follows :-Greatest zygomatic 
width 57·5-63·2 per cent (mean 59·8) of O. N. L.; least interorbital 
width 14'2-16, 3 per cent (mean 15· 2) of O. N. L.; tympanic buI1ae 
20·5-23'5 per cent (mean 21·7) of O. N. L.; nasal length 28·8-32·7 
per cent (mean 30· 7) of O. N L. ; orbit-length 35' 2-38' 6 per cent 
(l1lean 37'4) of o. N. L. 

1c. Bandicota bengalensis varius Thomas 

(Tables 18 and 19) 

Skull almost similar to that of B. h. bengalensis in structure; etc .• 
but differs as follows :-Slightly longe~, occipitonasal length 
39-0*-44'2 mm. (mean 4J ·6) .rather than over 44 mm. (Ellerman, 
1947b) vs. 37'2-42·3 mm. (mean 39·4) ; nasals sligh~ly longer 32·0 
-34'2 per cent (mean 33·1) of o. N. L. v~. 28·8-31'2 per cent (mean 

*The skull having the occipitonasal length 39 mm. is much smaller than the others 
but has greatly worn molars. 
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30·9) ; orbitotemporal fossa shorter, 33·8-34·3 per cent (inean 34 0) 
of O. N. L. vs. 34·5-38~5 per cent (mean 37·2) ; length of upper caeek­
tooth row 7·1-7·2 mm. rather than over 7·5 mm. (Wroughton, 1908, 
p. 743 ; ahd 1919b, p. 787), and slightly shorter than in B. b. bengalensis, 
16·0-18·4 per cent (mean 17·2) of O. No L,. vs. 16·5-19·3 per cent (mean 
18·4) ; mandibles slightly smaller, mandibular length 56·7-60·2 per ~ent 
(mean 58·4) of O. N. L. vs. 60·2-64·1 per cent (mean 61·7). 

Sonle of the other important measurements are-as follows:-Gleatest 
zygomatic width 57·7 per cent of o. ,N. ~. ; least interorbital width 14·4-
15·6 per cent (mean 15·0) of O. N. L~ ; length of tympanic bullae 21·0-
21·5 per cent (mean 21·2) of O. N. L. ; palate 60·0-61·3 per cent (mean 
60·6) of o. N. L. ; molar length 16·0-18·4 per cent (mean 17·2) of 
o. N. L. -; anterior palatine foramina 19·5-20·0 per cent (mean 19·7) 
ofO. N. L. 

Id. Bandicota bengalensis wardi Wroughton 

(Tables 18 and 19) 

Skull almost similar to that of B. bengalensis bengalensis, only differing 
as follows :-Cheek-tooth rows ,slightly longer, 7·5-8·0 mm. (mean 7·7) 
l's. 6·7-7·7 mm. (mean 7·3) or 17·7-21·2 pet cent (mean 19·2) ofO. N. L. 
l'.5. 16·5-19·3 per cent (mean 18·4). Occipitonasallength 37·7-42·6 mm. 
(mean 40·5) rather than 36·6-39·9 mm. (mean 38·2) (Ellerman, 19E1). , . 

Snme of the other measurements are as follows :-Greatest zygomatic 
width 60 9 per cent of o. N. L. ; least interorbital \vidth 15 7-16'3 per 
cent (lneall 15·9) uf O. N. L. ; length of tympanic buHae 20·6-22·6 per 
cent (mean 21·6) of o. N. L. ; nasallength 31·0-32·5 per ceJ..lt (mean 
31-8). of O. N. L. ; palate 61·4-63·0 per cent (mean 62·1"j of o. N. L. ; 
anterior palatine foramina 18·0-20·7 per cent (mean 19·8) 0f O. N!I L. 

2. Bandicota indica Bechstein 

.2a ~ Bandicota indica indica Bechstein 

(Synonym : Bandicota malabarica Shaw) 

(Tables 20 and 21 ; and Plate 32) 

Skull almost siIrti1ar to that of B. bengalensis bengalensis in structtfre 
etc., but differs as -follows :-Longer and narrower; occipitonasal 
length 49·2-63·1 mm. (mean 57·1) vs. 37·2-42'3 mm. (mean 39·4) 
and greatest zygomatic Vjidth 52·1-56·3, per cent, (mean 54'4) of O. N. L. 
l's. 59-4-65'5 per cenf (mean 62·4) ; nasals longer, 18·7--26·1 mm. 
(mean 22'9) vs. 11·0-13·6 mm. (mean 12·0) or over 1/3rd (37-6-.. 41·4 
per cent) of o. N. L. vs. under 1/3rd (28·8/-33·3 per cent) ; ending ante-­
riorly slightly behind incisors ; postetierly extending upto ascending 
process of premaxillae; tympanic bullae smaller, under 1/5th (15·3-
17·9 per cent) of O. N.'L. vs. over 1/5th (21·5-23·6 per cellt) ; anterior 
palatine foramina smaller, 17·2-19-8 per cent (mean 18-4) of O. N. L. 
liS. 18-4-22-2 per cent (mean 19·9), extending or not extending in between 

2~~~ 5 
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molars; posteriorly broader than in B. bengalensis I' palate slightly 
shorter on an average, 60·5 per cent ofO. N. L. liS. 61'7 per cent, extending 
po_riorly slightly behind molars; orbito-temporal fossa shorter, 
3~'-34'O per cent (mean 33'1) of o. N. L. vs. 34·5-38·5 per cent (mean 
37'2) ; upper cheek-tooth rows slightly shorter on an average, 16·9 per 
~ent of O. N. L. vs. 18·4 per cent. 

Mandible: Differing from that ofYt. b. --bengalensis in being shorter 
and slightly narrow~r ; mandibular lengt~ under 60 per cent (57·8-
S9·2 per cent) of O. N. L. vs. over 60 per cent (60'2-64·1 per cent) and 
maximum width 54·1-58'2 per cent (mean 55'9} of G. L. M. vs. 56·4-
64·2 per cent (mean 60'3) ; lower incisor root forming prominent knob 
beside condylar process but not reaching so high 'as in B. b. bengalensis ; 
lower diastefna length (10'0-11·4 mm., mean 10·8) generally more 
than root-length of lower molars (9'8-10'6 mm., mean 10'2) ; mandi­
bular symphysis prominent. 

Dentition .' Upper incisors orthodont and ungrooyed ; thicker than 
wide; terminating posteriorly slightly anterior to the molars. Upper 
molars: Similar to B. b. bengalensis ; antero-internal cusp always present 
in nl! and n1 8 ; sometimes ar.tero-external cusp also present in m3• Lower 
molars : ;Number J of cusps in each lower molar similar to that of B. h. 
hengalensis but arrangement slightly differs ; ml trilaminate, first lamina 

-having two cusps, second two, third three and an extra cusp or heel 
,posterior to this; m2 having an antero-external cusp in first row, two 
cusps in second, three cusps in third row and an extra cusp posterior to 
this, ; ms havin'g an gntero-external cusp and two cusps in each of the 
two lamina; heel absent. 

2b. Bandicota indica nemorivaga Hodgson 

(Tables 20 and 2.1) 

Skull almost similar to that of B. indica indica in structure, etc., but 
differs as fol1ows :-SlightIy smaller, occipitonasal length 49·6-59·1 mm. 
(mea.n 56'4) 1'S. 49·2-63'1 mm. (mean 57·1) ; condylobasal length sub­
equal to occipitonasal length ; frontals slightly narrower, least inter­
orbital width 13-1-14'8 per cent (mean 13'8) of O. N. L. vs. 14·5-15·4 
per cent (mean 14·9) ; tympanic bullae slightly larger 15·5-18·5 per cent 
(mean 17·1) of O. N. L. vs. 15·3-17·9 per cent (mean 16'2) ; nasals 
smaller, 16·5-22·3 mm. (mean 19'9) 1'S. 18'7-26·1 mm. (mean 22·9) 
rather than under 20·8 mm. in B. nemorivaga and over 20·8 mm. in B. 
indica .(~llerman, 1947b) ; and under 38 per cent (33'2-37·7 per cent) 
of O. N. L. vs. over 38 per cent (37·6-41'4 per cent) ; posteriorly slightly 
shorter than ascending process of premaxillae ; orbito-temporal fossa 
slightly longer, over ·35 per cent (35'0-36·8 per cent) of 0 .. N .. L. vs~ 
under 35 per cent (32'1.--340 0 per cent). 

Mandible.o Differing from that of B. indica indica in having the root­
length of lower molars (9'2-9'7 mm" mean 9·4) on an average more 
than the lower diastenla length (7-6-9·65 mm., mean 8'8). 
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Some of the other measurements are as follows :-Greatest zygomatic 
width 52·3-54·6 per cent (mean 53·3) of O. N. L. ; palate 58·4-62·0 
per cent (mean 60·1) of o. N. L. ; anterior palatine foramina 16·2-
19·0 per cent (mean 17·5) of O. N. L. ; upper cheek-tooth row 14·9-· 
17·9 per cent (mean 16·2) of o. N. L. ; mandibular length' 56·7-60·0 
per cent (mean 58·6) of O. N. L. 

2c. Bandicota indica savilei Thomas 

(Tables 20 and 21) 

Skull almost similar to that of B. indica indica in structure, etc., 
but differs as ,follows :-Smaller, occipitonasal length 41·0-46·2 mm. 
{mean 43·8) vs. 49·2-63·1 mm. (mean 57·1) ; nasals smaller, under 
38 per cent (32·9-35:2 per cent) of O. N. L. vs. over 38 per cent (37·6-
·41·4 per cent) ; posteriorly slightly shorter than ascending process of 
premaxillae; fronto-parietal suture nearly. straight, only slightly curved 
anteriorly on sides; tympanic bullae larger, 18·4-20-3 per cent (me3n 
19-2) of o. N. L. vs. 15·3-17·9 per cent (mean 16·2) ; anterior palatine 
foramina slightly smal~er, 16-1-18·2 per cent (mean 17·1) of O. N. L. 
vs. 17-2--19·8 per cent (mean 18·4) ; diastema shorter, under 30 per cent 
(26·1-28·5 per cent) ofO. N. L. vs. over 30 per cent (30·0-34·3 per cent) ; 
orbito-temporal fossa .... longer, over 35 per cent (35· 5-38·0 per cent) 
of o. N. L. vs. under 35 per cent (32·1-34 per cent) ; palate slightly 
shorter, 58·1-58·7 per cent (mean 58·4) of O.N.L. vs. 59-:~-6J'3 per cent 
(mean 60·5) ;' upper cheek-tooth rows shorter than in B. nemorivaga 
in absolute measurements, 7·8-8·7 mm. (mean 8·2) vs. 8·7-9·5 mm. 
(mean' 9·1) (Thomas, 1916b, p. 641) but are proportionately longer, 
18-1-20·0 per cent (mean 18·8) of o. N. L. vs. 14·9-17·9 per cent (mean 
16·2). 

Mandible: Broader than in B. indica, maximum width over 60 per 
cent (60·0-61·0 per cent) of G_ L. M. vs. under 60 per cent (54·1-58·2 
per cent) ; root-length of lower molars (8·0-8·8 mm., mean 8·5) rnore than 
lower diastema length (6·3-' 7·4 :[lm., mean 6·8). 

Genus (11) Neso,kia Gray 

1. Nesokia indica Gray 

Key for identification of Oriental subspecies of Nesokia indica, based on 
skull characters. 

o. N. L., Occipitonasal1ength. 

1(2). Nasais over 47% of the palatal length 

2(1). Nasals under' 47% of the palatal length 
... N. indica Ituttolli Blyth. 

: •• ¥. indica indica Gray. 
SA 
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lao Nesokia indica huttoni Blyth 

(Tables 22 and 24 ; and Plate 33) 

[VOL. 60, 

General: Skull medium-sized and robust; occipitonasal lengtli 
37' 2-42,9 mm. (mean 39'9) ; dorsal surface flat and sloping anteriorly; 
rostrunl short; sutures between plired bones distinct; condylobasal 
length exceeding occipitonasal length. Nasals: Small, under 1/3rd 
(29'1-31·9 per cent) of O. N. L. ; ending anteriorly slightly behind the 
incisors; posteriorly slightly shorter than the ascending process of 
premaxillae; wider anteriorly than posteriorly; anterior extremity 
rounded. Frontals.~ Interorbital constriction narrower than rostrum; 
narrowest slightly behind lacrymals ; least interorbital width 14-1~ 
16-9 per cent (mean 15;6) of O. N. L. ; suture between frontals feeble; 
strongly ridged on either side; ridges extending posteriorly up to occiput. 
Parietals: Broader than long; laterally extended; lateral extensions 
posteriorly meeting the occiput on either side of interparietal ; fronto­
parietal suture zigzaged. Interparietal: Situated anterior to a line 
joining posterior extremity of squamosals ; reducing in width with the 
narrowing of temporal ridges. Occiput.' High, 13·6-17·9 p~r. cent 
(mean 16'0) of O. N. L.; sloping backwards; strongly rldged; 
squan10sals : Fairly developed; slight projection formed by squamosal&. 
with frontal ridges at lateral extremities of fronto."arietal suture ; supra .. · 
tympanic fenestrae absent; postzygomatic portion small. ZygomatiC' 
arches: ~tout and widely spread laterally; wider than in B. b. benga-' 
iensis, greatest zygomatic width 63·4-69·0 per cent (mean 65'S) 'of 
O. N. L. vs. 59·4-65·5 per cent (mean 62·4) ; zygoma not descending: 
ventrally to level of palate ; jugal small ; zygonlatic process of sq ua­
mosals fairly developed ; zygomatic plate projecting anterior to supra­
maxillary root of zygomatic arch; orbito-temporal fossa ,larger, 37·9-, 
41·3 per cent (mean 40·3) of O. N. L. vs. 34·5-38·5 per cent (mean 
37'2). ' Tympanic bullae.- Large and inflated; over Ij5th (20'0.-20'8. 
per cent) of O. N. L. (1 exception out of 9 skulls) ; mastoids reduced_ 
Palate: Longer th~n in B. b. bengalensis, 60·8-64·2 per cent (me~n 
62·3) ofO. N. L. vs. 59'4-63·1 per cent (mean 61-7), extending posteriorly 
upto hinder margin of molars ; palate in between tooth rows considerably 
raised above the general level of the skull and narrow ; anterior palatine 
foramina much smaller than in Bandicota, under 15 per cent (8·9-l.3·2. 
per cent) of O. N. L. vs. over 15 per cent (16'1-22·2 per cent), situated 
medially between incisors and molars ; posterior palatine fO,ramina very 
small molars wide ; upper cheek-tooth row longe~ than in B. b. benga­
lensis, 18·0-22·3 per cent (mean 20·5) of O. N. L. vs. 16'5-19·3 per cent 
(mean 18·4) ; diastema long, over 30 per cent (30'8-33'3 per cent) of 
o. N. L. ; pterygoid fossae deeper than the mesopterygoid fossa; portiorl. 
of Inaxillae supporting molars thick. 

Mandible: Stout; ~ong, mandibular length' 63·3-67·3 per cent 
(mean 65-2) of o. N. L. ; rather broad, maximum width 59-5-65-8· 
per cent (mean 62·2) of G. L. ~. ; lower incisor root forming prominent 
knob beside condylar process, nearly as high as this; coronoid. process.. 
high ; masseteric' ridge prominent. 
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Dentition: Upper incisors proodont and ungrooved ; slightly thicker 
than wide ; posteriorly extending upto posterior end of anterior palatine 
foramina; lower incisors long with roots extending up to tip of condylar 
process. Molars laminate, hypsodont and rooted. Upper molars: 
mt 5-rooted, m2 4-rooted and m3 3-rooted : ml trilalninate and m2 

and m3 bilanlinate; antero-internal cusp (of original front lamina) 
in m!l present or absent (present in t\VO skulls out of eight) rather than 
always absent (El1ernlan, 1947b, 1961). Lowermolars: Like the uppers 
in structure; antero-external cusp in m2 present or absent. 

lb. Nesokia indica indica Gray 

(Tables 22 and 24) 

Sku]] almost sinlilar to that of N. indica huttoni in structure, etc., 
only differing as follows :-Slightly smaller, occipitonasal length 34·9-
40·2 lnm. (mean 37·1) vs. 3'/,2-42·9 mIn. (In\!an 39·9) ; nasals slightly 
smaller, 25·8-29·2 per cent (nlean 28'3) of o. N. L. vs. 29·1-31·9 
per cent (mean 30·6) ; palate slightly longer, 62·6-66·4 per cent (mean 
64'3) of o. N. L. vs. 60·8-64·2 per cent (nlean 62'2) ; diastema slightly 
longer, 32·0-34·8 per cent (mean 33'5) ofO. N. L. vs. 30,8-33,3 per cent 
(mean 32'4) ; upper cheek-tooth row and anterior palatine foramina 
relatively equal to that of N. indica huttoni rather than snlaller (Anderson, 
1878, p. 222). 

Some of the other inlportant measurements are as follows :-Greatest 
zygomatic width 64·6-68·0 per cent (lnean 66'1) of o. N. L.; least 
interorbital width 15·2-18·0 per cent (mean 16'3) of o. N. L. ; tynlpanic 
bullae 18·7-21·8 per cent (lnean 20'3) of o. N. L. ; lTIolar length 19·1-
21·7 per cent (mean 20· 5) of O. N. L. ; anterior palatine foramina 9· 3-
12·2 per cent (mean 10·6) of O. N. L. ; 111andibular length 63·0-69·3 
per cent (mean 66·1) of O. N. L. 

Family 2. RHIZOMYIDAE 

Two genera were studied, namely, Rhizolnys Gray and Cannonzys 
Thomas. 

Key for identification of Oriental genera of Rhizonlyidae. hased 
on skull characfpr~. 

o. N. L., Occipitonasal length. 

1(2). Upper ml equal or smaller than m2 ; sagittal crest present only over 
parietals ; diastema under 38% of o. N. L. 

. .. Rhizolnys Gray 

2(1). Upper rot larger than n12 ; sagittal crest present over posterior 
half of frontals and who1e parietals, diastema over 38% of 
O.N.L. 

• •• Canllomys- Thomas 
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Genus (12) Rhizomys Gray 

[VOL. 60~ 

Key for identification of Oriental species of Rhizolnys, based 
on skull characters. 

O. N. L" Occipitonasal length. 

1(2). Greatest zygomatic width under 80% of O. N. L. ; 
diasten1a under 1/3rd and palate under 660/0 of O. N. L . 

... R. pruinosus Blyth 

2(1). Greatest zygomatic width over 80% of O. N. L. ; 
diastema over 1/3rd and palate over 66CJ~ of O. N. L . 

.. . R. sllnlatrensis cillerells MacCL. 

1. Rhiz~mys sumatrensis Raffles 

~1 a, Rhizomys sumatrensis cinereus MacClelland 

(Tables 23 and 24 ; and Plate 34) 

General,' Skull very large and massive; occipitonasal length 67-5-
76'5 mm. (mean 70,9) ; slightly sloping anteriorly; dorsal surface ridged; 
rostrum short and broad; rostral width 22,8-25,0 per cent (mean 23 0 S) 
of 0, N. L. ; condylobasal length exceeding occipitonasal length. 
Nasals " Medium-sized, 34,0-38,6 per cent (lnean 35·8) of 0, N. L. ; 
anteriorly not reaching to front face of incisors ; posteriorly extending 
behind ascending process of premaxillae ; anterior extremity truncated 
and posterior acute; fronto-premaxillary suture nearly transverse. 
Frontals: Frontal length slightly more than the parietal length; inter­
orbital constriction considerable ; narrowest near posterior one-third 
portion of zygomatic fossa; least interorbital width 16·6-19·3 per cent 
(mean 17'9) of O. N. L. ; supraorbital ridges converging posteriorly 
but not formi!1g sagittal crest over frontals ; frontal suture almost dis­
appearing, except at anterior one-third portion. Parietals: Reduced 
in ad ult ; nearly as broad as long ; anterior portion much narrower than 
posterior; sagittal crest present over whole length of parietals, posterior­
ly meeting the lambdoid crest; ridges remaining separate in juvenile 
skulls; fronto-parietal suture much reduced, Interparietal: Absent 
in adult though present injuveniles. Occiput: Slightly inclined forward: 
having strongly developed lambdoid crest; height of occiput 23'7-27,1 

. per cent (lnean 24'9) of O. N. L. ; paroccipital processes large, with tips. 
directed backwards; basioccipital broad and ridged. Squamosals: Fairly 
developed, forming major dorso-Iateral portion of cranium: anteri­
orly encroaching upon frontals, coming very close to each other slightly 
anterior to fronto-parietal suture ; extending posteriorly behind external 
auditory meatus and touching mastoids; supratympanic fenestrae absent. 
Z".l'gomatic arches: Stout and widely spread laterally ; widest posteriorly 
greatest zygomatic width 78·9-88·0 per cent (mean 82'2) of O.N.L. ; 
zygon1atic arches high, not descending to level of palate; ju allar ge' 
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zygomatic process of squamosals extending transversely from the skull ; 
infraorbital canal.broader than high (mean width and height 5·6 mm. 
and 4·7 mm. or 7·8 per cent and 6·6 per cent respectively of O. N. L.) 
and situated completely above the zygomatic plate. Tympanic bullae: 
SmaIl, 18·5-22·2 per cent (mean 20·2) of o. N. L. ; little inflated; 
rectangular; external auditory meatus tubular, projecting dorso-latera.lly 
on either side of lambdoid crest; mastoids much reduced, confined 
between posterior extension of squamosals and paroccipitals. Palate: 
Long, 660 2-70.7 per cent (mean 68·1) of O. N. L., extending posteriorly 
upto posterior extremity of molars ; portion of palate in between molars 
higher than anterior ; the portion just behind anterior palatine foramina 
deeply excavated and laterally defined by strong ridges ; anterior palatine 
foramina smaU, 10·1-12·5 per cent (mean 11·4) of o. N. L., situated 
considerably in front of molars ; posterior palatine foramina very small ; 
upper cheek-tooth row short, under 1/5th (17 0 6-19.8 per cent) ofO. N. L.; 
diastema long, over 1/3rd (33 0 8-38.3 per cent) of o. N. L.; palatine 
bones small ; palatal margin of posterior nares broad and transverse 
portion of maxillae supporting molars thick and stout ; pterygoid fossae 
large and deep; deeper than mesopterygoid fossa; hamular process of 
pterygoids sickle-shaped and posteriorly not touching tympanic bullae. 

Mandible: Large and stout; mandibular length 72-8-77-2 per cent 
(mean 75·0) of O. N: L. ; coronoid process high; condylar process short 
slightly curved upwards; angular process broad, extending slighly 
posterior to condylar ; coronoid and condylar processes separated by 
a deep curved space; lower incisor root forming prominent knob on 
outer side of condylar process, but n~ver reaching its height ; mental 
foramen situated more ventrally than in other Murids ; masseteric ridge 
prominent. Greatest length of mandible 50·2-59·2 mm. (mean 54·3) ; 
maximum width of mandible over 66 per cent (66·3-70·1 per cent 
of G. L. M.) ; lower diastema lengtJ'l (mean 29·4 per cent of G. L. M.); 
subequal to root-length of lower molars (mean 30-1 per cent of G. L. M.). 

Dentition: Upper incisol's large, proodont and ungroovcd ; nearly 
as thick as wide; extending posteriorly up 'to root of second upper 
molar ; lower incisors ungrooved ; posteriorly terminating into a pro­
minent knob on outerside of condylar process. Molars slightly hypso­
dont when unworn, rooted and flat crowned. Upper molars: mt 
subequal to m2 and rn 2 larger than m3 

; -mt wearing below level of n1 2 
; 

folds becoming isolated as islands; ml and m3 4-rooted and m3 3-rooted ; 
additional small roots may be present ; ml with 3 outer and one inner 
folds ; folds usually isolated as islands ; ro 2 having two outer and one 
inner folds; first outer and inner folds completely dividing the tooth 
into an anterior and a posterior lobes ; inner fold sending a branch 
in the anterior lobe; posterioIl--lobe having one outer fold; m3 sitnilar 
to rn2 ; pattern complicated and varying due to w~ar. Lower molars; 
ml narrower than m2 and m3 ; ffil and m3 3-rooted and m2 4-rooted ; rot 
with two folds on each side; second outer fold so deep as to, sometimes, 
cut the inner margin ; an isolated island present at anterior portion ; 
m2 having one outer aad two inner folds; first inner fold reaching quite 
near the outer margin; anterior to this is an isolated island; m. 
having an anterior inner and a posterior outer folds, reaching to 
opposite margins; tip ofinnerJold bifurcated and may separate.as island. 
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Grol,vth changes.-The following tendenci~s are noticeable in the 
skul1~ of Rhizomys sumatrensis cinereus from the juvenile ,to the adult 
condition :-Nasals becoming relatively longer (17·3-28·0 mm. or 
32·1-36·4 per cent of O. N. L.); parietals becoming narrower (21·2-
27·1 nlm.); interparietal gradually disappearing; gradual fusion of 
temporal ridges, forming sagittal crest ; gradual reduction of folds of 
inolars, :firstly separating as islands and then soon disappearing. 

2. Rbizomys pruinosus Blyth 

2a. Rbizomys pruinosus pruinosus Blyth 

(Synonym : Rhizomys senex Thomas) 

(Tables 23 and 24 ; and Plate 35) 

Skull almost similar to that of Rhizomys sumatrensis' cinereus in 
structure, etc., but differs as follows :-Slightly smaller and narrower ; 
occipitonasal length 60·6-72·0 mm. (mean 64·6) vs. 67·5-76·5 mm. 
(mean 70·9) and greatest zygomatic width 74·5-79·2 per cent (mean 
76·8) of o. N. L. vs. 78·9-88·0 per cent (mean 82·2) ; zygoma converging 
anteriorly, giving conical appearance to skull; nasals slightly longer and 
narrower; nasal length 36· 5-40·8 per' cent (mean 39·2) vs. 34·0-38-6 
per cent (mean 35·8) of O. N. L. and nasal width 12·2-14·3 per cent 
(mean 13·4) vs. 14·2-18·7. per cent (mean 15·9) of O. N. L. ; 'anterior 
extremity of nasals rounded ; generally extending ~r not extending 
posteriorly- behind ascending process of premaxillae; inter-orbital 
constriction occurring more anteriorly, near middle of zygomatic fossa; 
sagittal crest present only over posterior tw~-thirds of parietals ; ridges 
not strongly fused together; palate slightly shorter, 62· 8-, 66· 6 per cent 
(mean 64·9) vs. 66·2-70·7 per cent (mean 68·1) of O. N. L. ; anterior 
palatine foramina slightly smaller, 8·8 --10·5 pel' cent (mean 9·9~ vs. 10·1-
12' 5 per cent (mean 11·4) of O. N. L. ; upper ch:eek-tooth row longer, 
19·0-22·9 per cent (mean 21·2) vs. 1.7·6-19·8 per cent (mean 18·85) 
of o. N. L. ; diastema shorter, under 1/3rd (30 0 3-33.3 per cent) vs. 
over 1/3rd (33·8-38·3 per cent) of 0 .. N. L. 

Mandible: Differing from that of R. s. cinereus in being smaller 
mandibular length 67'9-70·4 per cent (mean 69·2) vs. 72-8-77-2 per cent 
(mean 75-0) of o. N. L. ; greatest len~ of mandible 42·7-49·6 mm. 
(mean 45·1). 

Dentition: Almost similar to that of R. s. cinereus, but differing 
from it as follows :-Having orthodont incisors instead of proodont. 
Uoper molars: ml smaller and worn to a lower level than m2 ; rn3 smaller 
or equal to m2. Lower molars: mt narrower than rna and rna. 
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Genus (13) Cannomys Thomas 

1. Cannomys bad ius Hodgson 

Key for identification of Oriental subspecies of Cannomys badius, 
based on skull characters. 

o. N. L., Occipitonasallength. 
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1(2); O. N. L. under 40 tnm. ; upper cheek-tooth row under 9·2 mm. 
. . .. C. badius castaneous Blyt b 

2(1). O. N. L. over 40 mm. ; upper cheek tooth row over 9·2 mm. 
. .. 3 

3(4). Occiput over 22·5% of O. N. L. ; least interorbital width 
under 20·5% of O. N. L. 

. .. C. bad ius pater Thomas 

4(3). Occiput under 22'5% of O. N. L. ; least interorbital width 
over 20-5% of O. N. L. 

. .. C. badius. bad ius Hodgson 

1 a. Cannomys badius badius Hodgson 

(Tables 25 and 26 ; and Plate 36) 

General: Skull small, occipitonasal length 40- 2-46-1 mm. (mean 
43· 6); sloping anteriorly; rostrum short and broad; rostral width 
21·3-23·1 per cent (mean 22·0) of 0., N. L .. ; condylobasa1 length ex­
ceeding occipitonasal length. Nasals: Medium-siied, 34· 3-37· 2 per 
cent (mean 35·7) of O. N. L. ; anteriorly not reaching to front face of 
incisors ;. rather narrow, 12·1-13· 8 per cent (mean 12·9) of o. N. L. ; 
truncated at both ends ; ascending process of premaxillae either extend­
ing bel)ind nasals, touching supraorbital ridges or extending upto pos­
terior extremity of nasals; fronto-premaxillary suture curved anteriorly 
on outer side instead of transverse in R. s. cinereus. Frontals: Frontal 
length shorter than the parietal length ; less interorbitally constricted 
than in R. s. cinereus, least interorbital width 20· 4-22·1 per cent (mean 
21·0) vs. 16·6-19·3 per cent (mean 17·9) of O. N. L. ; narrowest near 
mid9~e of zygomatic fossa; strongly ridged on either side ; ridges forming 
sagittal crest over posterior half offrontals and whole length of parietals 
meeting posteriorly the lambdoid crest. Parietals: Small; nearly as 
broad as long ; ridges not strongly fused over parietals; fronto-p arietal 
suture extremely reduced. Interparietal: Present in juvenile skulls, 
&radually disappearing in adults ; when present, conical in shape. 
Occiput : Fairly inclined forward ,vith strongly developed lambdoid 
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crest; height less than in R. s. cinereus, 20 0 0-22.5 per cent (mean 21·3) 
VS. 23· 7-27·1 per cent (mean '24·9) of O. N. L. ; paroccipital processes 
large, with tips directed backwards. Squamosals: Fairly well devtloped,. 
forming major dorso-Iateral portion of the cranium and coming, close 
to each other slightly anterior to fronto-parietal suture. ZygomatiC' 
arches: Stout; widely spread laterally; greatest zygomatic width 
78·3-82·9 per cent (mean 80·5) of O. N. L. ; zygomatic arches high, not 
descending ventrally to level of palate ; infraorbital canal nearly twice­
as broad as high (mean width and height 3·7 mm. and 1·8 mm. or 8·4 
per cent an4 4· 2 per cent respectively of O. N. L.) and situated completely 
above the zygomatic plate. Tympanic bullae: Large, 21· 7-24· 3 per cent 
(mean 23· 4) of O. N. L. ; external auditory meatus tubular, projecting 
dorso-Iaterally on either side of lambdoid crest ; anteriorly not touching. 
hamular pr0gess of pterygoids ; mastoids much reduced. Palate.· Longer 
than in R. s. cinereus, 69·9-75·8 per cent (mean 72·5) vs. 66·2-7~~7 
per cent (mean 68·1) of O. N. L. ; posteriorly not reaching the hind 
extremity of molars ; palate in between molars considerably high and 
sloping anteriorly ; portion behind anterior palatine foramina not ex-

. cava ted ; prominent groove running posteriorly from posterior end of 
each anterior palatine foramina on either side of median elevated tract,. 
and terminating in posterior palatine foramina ; anterior palatine fora­
mina small, 6· 3-11· 2 per cent (mean 9· 3) of O. N. L. ; upper cheek­
tooth row longer than in R. s. cinereus, over 1/5th (20 0 1-250 0 per cent} 
vs. under 1/5th (17.6-19 0 8 per cent) of o. N. L. ; diastema longer, 
37· 5-42·.5 per cent (mean 39·9) vs. 33·8-38· 3 per cent (mean 35·7) 
of O. N. L. ; palatal margin of the posterior nares narrow and arched; 
portion of maxillae supporting molars thick and stout; pterygoid fossae 
deep. 

Mandible.· Greatest length of mandible 31·3-35·8 mm. (mean 33 0 5); 
slightly narrower than in R. s. cinereus, maximum width 63· 8-68· 3 per 
cent (nlean 65· 6) vs. 66· 3-70·1 per cent (mean 68· 5) ~f G. L. M. ; 19wer 
incisor root forming prominent knob on outer side of condylar process 
generally reaching its height ; masseteric ridge prominent ; lower diastema 
length (7.7-100 5 mm., mean 9·0) shorter than root-length of lower 
molars (11·25-11·85 mm., mean 11'56). 

Dentition: Upper incisors red, extremely proodont and ungrooved ; 
broader than thick ; posteriorly extending upto root of m 2 ; lower incisors 
long, red and ungrooved ; posteriorly terminating into a prominent knob 
on outer side of condylar process. Molars slightly hypsodont, flat-crowned 
and rooted. Upper m<;>lars : ml larger than m2 and rn2 larger than m3~ 
ml and m 2 4-rooted and n13 3-rooted : folds wearing due to age; m1 

originally with 3 outer and one inner folds ; anterior outer fold wearing 
in adult; m 2 having 2 outer and one inner folds; third outer fold 
present in one skull; 1113 like·rn2 ; posterior outer fold soon isolated 
as island and gradually disappearing. Lower molars: m l having 2 
outer and three inner folds;. rna with 2 inner and one outer foldg ; 
posterior inner fold soon disappearing in both; IDa with an anterior 
inner. and a posterior outer folds, the latter generally cutting inner 
margIn. 
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lb. Cannomys badius pater Thomas 

(Tables 25 and 26) 
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Skull almost similar to that of Cannomys bad ius badius in size, etc.,. 
but differs as follows :-Frontals slightly narrower, least interorbital 
width 8· 5-9·1 mm. (mean 8· 7) rather than under 8· 5 mm. (Ellerman,. 
1947a) vs. 8·8-9·7 mm. (mean 9·2) or 18'4-20·6 per cent (mean 19·7} 
of o. N. L. vs. 20·4-22·1 per cent (mean 21·0) ; occiput higher, 9·5-
12-0 "mm. (mean 10·7) rather than over 10-8 mm. (Ellerman, 1947a) 
vs. 8- 5-10'1 mm. (mean 9· 3) or 22·8-27·0 per cent (mean 24·2) ofO. N. L. 
vs. 20-0-22' 5 per cent (mean 21' 3) ; infraorbital canal larger, mean 
height and width 5·8 and 9·0 per cent vs. 4·2 and 8·4 per cent respectively" 
of O. N. L. 

Some of the other measurements are as follows :-Occipitonasal 
length 41'5-46'0 mm. (mean 44'1); greatest zygomatic width 
80,6-86'9 -per cent (mean 82·8) of O. N. L.; tympanic bullae 
23,1-27-5 per cent (mean 24·7) of O. N. L. ; nasal length 35'6-38·9-
per cent (mean 37'5) of o. N. L. ; palate 70·5-77'1 per cent (mean 74'0) 
of o. N. L. ; upper cheek-tooth row 9·8-10'7 mm. (mean 10·3) or 22·1-
24·5 per cent" (mean 23'3) of O. N. L. ; diastema 39·8-42·8 per cent 
(mean 40'9) of o. N. L. ;" mandibular length 68·6-78·6 per cent (mean 
74·7) of O· N. L. 

Ie. Cannomys badius castaneus .Blyth 

(Tables 25 and 26) 

Skull almost similar to that of Cannon1Ys badius badius in structure ~ 
etc., but differs as follows :-Sn1aller, occipitonasal length 37-5-39·3 
mm. (mean 38'6)" vs. 40·2-46'1 mm. (mean 43-6) ; tympanic bullae 
slightly larger, 24·3-26-9 per cent_ (mean 25·5) of O. N. L_ vs.21-7-24-3 
per cent (mean 23'5) ; least interorbital width under 8·8 mm. (8·25-
8-6 mm.) vs. over 8·8 D1m. (8'8-9'7 mm.) ; upper cheek-tooth row shorter,. 
under 9 mm. (8'4-9·0 mm.) vs. over 9·0 mm. (9'3-10'4) ; infraorbital 
canal larger, mean height and width 6·1 per cent and 9·0 per cent. vs. 
4·2 per cent and 8·4 per cent of O. N. L. respectively. 

Some of the other measurements are as follows :-Condylobasal 
length 40·0-42·8 mm. (mean 41·8) ; greatest zygomatic width 28·6-31·3 
10m. (mean 30-0) or 76·4-80·1 per cent (mean 78'3) of o. N. L. ; nasal 
length 32·9-37·6 per cent (mean 35'3) of o. N. L. ; palatal length 71·4-
74·8 per cent (mean 72'7) of o. N. L. ; diastema 37·8-42~3 per cent 
(mean 40-8) of O. N. L. ; occiput 8·3-9,0 mm. (mean 8'S) or 21·1-
23'2 p·er cent (me2n 22·1) of O. N_ L. ; mandibular length 70-1-76·9 
per cent (mean 73'2) of O. N. L. 
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Family 3. MUSCARDINIDAE 

Subfamily (i) PLATACANTHOMY1NAE. 

One genus, Platacanthomys Blyth, wa~ studied. 

Genus (14) PIatacanthomys Blyth 

1. PIatacanthomys Iasiurus Blyth 

la. PIatacanthomys Iasiurus Jasiurus Blyth 

(Tables 27 and 28 ; and Plate 37) 

[VOL. 60, 

General: Skull medium-sized, occipitonasal length 31·9-33·0 mm .. 
(mean 32·3) ; dorsal surface slightly sloping anteriorly ; cranium broad, 
medially high and much sloping posteriorly ; rostrum short ; sutures 
between paired bones distinct; occipitonasal length exceeding con­
dylobasal length. Nasals: Short, below 30 per cent (29·3-29·6 per 
cent) of o. N. L., slightly projecting forwards over incisors; anterior 
extremity rounded and posterior truncated ; narrowest posteriorly and 
gradually becoming wider anteriorly ; posteriorly extending upto an­
terior edge of lacrymals and equal to ascending process of premaxillae. 
Frontals : Frontal length less than twice the parietal length ; fairly broad ; 
narrowest slightly behind lacrymals ; least interorbital width over 20 
per cent (20·7-21·7 per cent) of O. N. L. ; ridged on sides ;' ridges 
·diverging posteriorly over parietals meeting the occipitals. Parietals: 
Large; much broader than frontals; fr~nto-parietal su.ture nearly 
'Straight, only slightly curving anteriorly on sides. Interparietal: Fairly 
large ; width nearly 2l times the length; situated behind a 1in~ joining 
posterior extremity of squamosals; anterior border slightly arched, 
pointing forward medially ; posterior border convex backward. Occiput: 
Vertical and low, 11·6-13·4 per cent (mean 12·3) of O. N. L. ; ridges 
poorly developed; supraoccipital extending anteriorly on sides of in­
terparietal; paroccipital processes small. Squamosals: Moderately 
large ; ridges in posterior portion fairly developed ; anteriorly not form­
ing any projection; supratympanic fenestra absent; supratympanic 
portion stout; posteriorly reaching the occipital and mastoids. Zygo­
,malic arches: Weak and thin; widest posteriorly, greatest zygomatic 
width 18-6-19-5 mm. (mean 19·1) or 59·0 per cent of o. N. L. ; zygoma 
not descending ventrally to level of palate ;- lower maxillary root of 
zygomatic arch not projecting anterior to supramaxillary root in form 
()f zygomatic plate ; jugal small, confined to posterior half of zygomatic 
arches ; zygomatic process of squamosals -short and broad ; infraorbital 
·can~1 higher than wide; wider above than below. Tympanic bullae: 
Small, 12·8-13·4 per cent (mean 13·1) of O. N. L. ; auditory orifice 
large, situated ventro-laterally ; mastoids small and uninflated. Palate: 
Weak; short, under 50 per cent (47·7-49·7 per cent) of O. N. L." 
·ending posteriorly in between third pair of molars ; broadest po steriorly 
and becoming narrower anteriorly; portion in between molars more 
depressed than anterior and perforated by a pair of large posterior 
palatine foramina; no marked groove between anterior and posterior 
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palatine foramina; anterior palatine foramina very small, 6·3-7·2 
per cent (mean 6'7) of O. N. L., situated nearer to incisors than molars ; 
anterior two-thirds portion formed by premaxillae and posterior one­
third by maxillae, rather than formed only by premaxillae (Peter, 1865, 
p. 397) ; posterior palatine foramina 7·1-9·3 per cent (mean 8·4) of 
O. N. L. ; upper cheek-tooth rows 16·5-17·8 per cent (mean 17·0) of 
O. N. L., diverging posteriorly; diastema long, 25·6-26·4 per cent 
(mean 26'1) of O. N. L. ; portion of maxillae supporting molars weak. 
Basioccipital and basisphenoid bones fairly broad" and slightly sloping 
anteriorly upto presphenoid; pterygoid fossae shallow and in level with 
mesopterygoid fossa. 

Mandible: Long, n1andibular length over 50 per cent (50·1-52·2 
per cent) of O. N. L. ; coronoid process small, obtus'e and nearly erect; 
little higher than condylar and not projecting posteriorly; condylar 
process short ; distance between coronoid and condylar processes con­
siderable ; angular process broad and slightly twisted outwards ; lower 
incisor root not prominent, extendipg slightly behind molars ; masseteric 
ridge feeble; maximuln width of mandible 50·0-52·7 per cent (mean 
51'5) of G. L. M. ; lower diastema length shorter than root .. length of 
lower molars. 

Dentition: Upper incisors orthodont, yellow and ung,rooved; 
narrow and pointed, posteriorly terminating at infraorbital canal ; lower 
incisors yellow, long and extending posteriorly slightly behind molars. 
Molars ~~ ; brachyodont, flat-crowned and rooted. Upper molars : 
ml subequal to m2 ; m2 larger than m3 

; each upper molar having 5 
laminae separated by four outer and one inner folds; folds becoming 
isolated as islands on crown surface; second outer and inner folds 
dividing the tooth into anterior and posterior portions ; former having 
one and the latter two folds ; folds obliquely directed inwards and back­
wards; first and second. laminae, and third, fourth and fifth laminae 
united together on inner side forming two inner cusps. Lower molars : 
Each having six transverse laminae and five folds; first and second folds 
becoming isolated on crown surface, and others opening externally. 

Family' 4. SCIURIDAE 

Three genera were studied, name1y, Funambulus Lesson, Petaurista 
Link and Marmota Frisch. 

Key for identification of three Oriental genera of Sciuridae, based on skull 
choracters. 

O. N. L., Occipitonasal length. 

1(4). Occipitonasal length exceeding condylobasal length; nasals under 1/3rd of 
O. N. L., projecting forwaros over incisors; palate under 55 per cent of O. N. L. 

2(3). SkuB large, over 60 mm. ; prominent interorbital depression; zygcrratic width 
over 64 percent of O.N.L. ; orbits over 1/3rd ofO. N. L. : upper cheek-tooth row 
longer than diasten1a ; nasal width over 15 per cent of O. N. L. ; least interorbital 

width under 1/4th ofO. N. L. 
. .. Petal,risfa Link 



186 Records of the Indian ~useum [VOL. 60, 

3(2) Skull smaJl, ... under 50 mm. ; no interorbital depression; zygomatic width under 
·60 per cent ofO. N. L. ; orbits under'1/3rd ofO. N. L. ; upper cheek-toot~ row 
shorter than diastema ; nasal width under 15 per cent of O. N. L. ; least lntre­
orbital width over 1/4th ofO. N. L. 

• .. Funambu/u$ Lesson 

4(1). Condylobasallength equal or exceeding occipitona~a] length; nasals o,er 1/3rd 
of O. N. L., extending anteriorly upto incisors and posteriorly behir.d laCT} mals ; 
palate over 55 percent ofO. N. L. 

. .. Marmota Blumenbach 

Genus (15) Funambulus Lesson 

Key for identification of Oriental species of Funambulus, based on skull 
characters. 

o. N. L., Occipitonasallength. 

1(2). Tympanic bullae generally over 1/5th of O. N. L. 

. .. F. ,pennal1t i Wrough ton 

2(1). Tympanic bullae under 1/5th of O.N.L. 
. .. F. paflnarunl Linn. 

1. Funambulus pennanti Wroughton 

la. Funambulus pennanti pennanti Wroughton 

(Tables 29 and 30 ; a~d Plate 38) 

General: Skull medium-sized, occipitonasal length 36·0-38·9 mm .. 
(mean 37·4) ; dorsal surface smooth; cranium broad, medially high and 
much sloping posteriorly; rostrum short; occipitonasallength exceeding 
-condylobasallength ; sutures between paired bones feeble or disappearing. 
Nasals: Small, under 1J3rd (27·2-31·3 per cent) of O. N. L.; narrow, 
nasal width under 15 per cent (10·8-12·0 per cent) of O. N. L. ; slightly 
projecting forwards over incisors ; posteriorly"shorter or equal to ascend­
ing process of premaxillae ; the latter fairly broad and equal or more 
than the combined width of nasals at the posterior end; posterior ex­
tremity V-shaped or truncated ; narrowest posteriorly and gradua11y 
becoming wider anteriorly. Frontals: Broad; less interorbitally cons­
tricted ; narrowest medially between lacryma]s and postorbital processes ; 
least interorbital width over 1J4th (25·3-29·1 per cent) of O. N~ L. ; 
postorbital projections small, projecting backwards and downwards ; 
no interorbital depression over frontals ; frontal suture feeble. Parietals: 
Wider than long; feebly ,_ridged, ridges formi~g short sagittal crest. 
,over posterior one-fourth portion ; parietal suture disappearing; fronto­
parietal suture nearly straight medially and curving'anteriorly on sides, 
reaching postorbital projections. Interparietal: Absent. OcciPllt: Up­
:standing and low, 14·2-\6·5 per cent (mean .15·4) of O. N. L. ;' feebly 
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ridged; paroccipital processes small; basioccipital fairly broad as 
.compared to that of the Muridae. Squamosals: Moderately developed 
with strong zygomatic process; supratympanic portion fairly broad 
posteriorly; perforated by subsquamosal and postglenoid foramen. 
Zygomatic arches: Widest posteriorly at zygomatic process of squa­
rnosals and gradually becoming narrower anteriorly ; greatest zygomatic 
width under 60 per cent (54·4-58·4 per cent) of o~ N. L. ; jugals ex­
tending the whole length of zygomatic arches; anteriorly touching 
lacrymals and posteriorly extending below and behind the zygomatic 
process of squamosals ; zygomatic proc~ss of ma,,:illae well tilted up­
wards -and thrown forwards ; strongly ridged ; infraorbital foramen small, 
.only transmitting the infraorbital nerve; small projection present on 
-outer lower side of the foramen for the attachment of muscles. Tympanic 
bullae: over If5th (19.8-21.0) of o. N. L. ; bullae are slightly larger 
in Baluchistan and Punjab specimens (mean 20-9 per cent of o. N. L.) 
than in Central India (Rajasthan, Gujarat, Madhya Pradesh and Bengal) 
specimens (mean 20·2 per cent of o. N. L.) ; situated nearly parallel 
-to longitudinal axis; auditory orifice large; mastoids small, confined 
to back portion of tympanic bullae .and squamosals. Palate: Short, 
under 50 per cent (47-1-50·5 per cent) of O. N. L., extending posteriorly 
-slightly behind molars ; anterior palatine foramina small, undet 5 per 
cent (2·7-4·4 per cent) of o. N. L., situated far anterior to premolars; 
~ompletely formed by premaxillae ; posterior palatine foramina very 
small, present over maxillo-palatine suture ; a separate canal for palatine 
vein present behind third molar (IIiU, 1935) ; upper cheek-tooth row 
-short, under 1/5th (17·4-19·5 per cent) of O. N. L. ; diastema short, 
under 1/4th (20·0-21'7 per cent) of o. N. L. ; orbito-temporal fossa 
-small, undl~J.: 1/3rd (28·9-31·6 per cent) of o. N. L. pterygoid fossae 
moderately deep but shallower than mesopterygoid fossa ; perforated 
by large foralnen ovale ; foramen lacerum medius absent (Hill, 1935) ; 
hamular process of pterygoids posteriorly exteuding to basi"'occipital 
but not touching tympanic bullae. 

Mandible: Moderately long; greatest length of mandible 21·0-
22·7 mm. (mean 22·0) ; mandibular length under 60 per cent (53·4-
58·1 per cent) of O. N. L. ; rather narrow, maximum width under 55 
per cent (48-6-53·7) of G. L. M. ; having low and reduced coronoid 
process, long posteriorly extended ccndylar process and slightly out­
wardly twisted angular process ; masseteric ridge feeble ; root-length of 
lower molars (29·5-33·7 per cent, m~an 31·0, of G. L. M.) fairly longer 
than lower diastema length (15·4-18·5 per cent, mean 17·2 per cent, 
of G. L. M.). 

Dentition: Upper incisors short, reddish or yellowish and un­
grooved; much thicker than wide; terminating posteriorly slightly 
-anterior to premolars ; lower incisors long' and ungrooved, posteriorly 
extending slig~tly behind lower motars. Upper premolars and molars: 
5 in number (2 premolars and 3 molars) ; rooted; pm3 single rooted, 
-small and unicuspidate; other teeth 3-rooted ; in pm4, ml and m2 four 
ridges diverging outward from the inner side, and in m3 only three ; 
-other details not clear. Lower premolars and molars: 4 in number 
(I premolar and 3 molars) ; each having two main ridges bearing two 
-outer and two inner cusps ; antero-internal cusp highest of all and postero­
internal very shallow. 
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2. Funambulus palniarum Linnaeus 

2a. Funambulus p~lmarum palmarum Linnaeus 

(Tables 29 and 30) 

Skull almost similar to that of F. pennanti in structure, etc., but differ· 
ing in being slightly narrower, greatest zygomatic width 53'2-56-9 
per cent (mean 55·0) vs. 54·4-58·4 per cent (mean 56'5) of o. N. L. ; 
tympanic bullae smaller, under 1/5th (18'5-20·1 per cent) of O. N. L. 
vs. over Ij5th (19·8-21'0 per cent) ; occiput slightly higher on an average,. 
14·9-18'8 per' cent (mean 16'8) of O. N. L. vs_ 14'2-16'5 per cent 
(mean 15'4) ; orbito-temporal fossa slightly smaller, 28·4-29·7 per cent 
(mean 29·.1) vs. 28·9-31'6 per cent (mean 30'1) ofO. N. L. 

Some of the other measurements are as follows :-Occipitonasal 
length 36'5-39·0 mm. (mean 37'9) ; least interorbital width 9'5-11'5 
mm. (mean 10'6) or 26'0-29-3 per cent (mean 27-7) of o. N. L. ; nasal 
length 27'3-30'8 per cent (mean 29'0) of o. N. L. ; palatal length 48'5-
49·6 per cent (mean 49'0) of o. N. L. ; upper cheek-tooth row 17·2--20'8 
per ceni (mean 19'0) of o. N. L. ; mandibular le~gth 53'7-55'7 per cent 
(mean 54'7) of o. N. L. 

2b. Funambulus palmarum kelaarti Layard 

(Tables 29 and 30) 

Skull almost similar to that of F. palmarum palmarum in structure. 
etc., but differs as follows :-Slightly longer, occipitonasal length 36,6-
41'0· mm. (mean 38'4) vs. 36,5-39·0 mm. (mean 37'9) ; frontals slightly 
less constricted, 28·3-30'4 per cent (nlean 29'2) of O. N. L. vs.26·0-29·3 
per cent (mean 27'7) ; tympanic bullae slightly smaller on an average, 
18·6-19'3 per cent (lnean 19'0) .of o. N. ·L. vs. 18·5-20·1·per cent 
(mean 19·5) ; occiput lower, 15'1-16'5 per cent (mean 15'8) of O. N. L. 
vs. 14'9-18'8 per cent (mean 16'8) ; nasal length 27'0-31'4 per cent 
(mean 29'2) of. O. N. L. rather than exceeding 30 per cent (Ellerman,. 
1947a), and subequal to that of F. palmarum palmarum. 

Some of the other measurements are as follows ~-Greatest zygomatic 
widtl1 54'1-56'1 per cent (mean 5'0) of o. N. ~. ; palatal length 48'8-
50'6 per cent (mean 49'5) of o. N.· L. ; diastema 22·1-23'3 per cent 
(mean 22·4) of O. N. L. ; mandibular length 51'8-. 56·1 per cent (mean 
53'85) of o. N. L. 

2c. Funambulus palmarum brodiei Blyth 

(Tables 29 and 30) 

The only skull of F. palmarum brodiei available to me, does not show 
any appreciable difference from that of F. palmaruln kelaarti. The­
least interorbital width is 28'6 per cent o( O. N. L. rather than over 30' 
per cent (Ellerman, 1947a). 
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Some of the other measurements are as follows :-OccipitoJ.'\asal 
length 38'1 mm.; nasal length 10'5 mm. or 27'5 per cent of O. N. L. ; 
palate 49·2 per cent of o. N. L. ; diastema 22'0 per cent of O. N. L. ; 
tympanic bullae 7 mm. or 18·3 per cent of O. N. L. ; mandibular leugth 
54'3 per cent of O. N. L. 

2d. Funambulus palmarum bellaricus Wroughton 

(Tables 29 and 30) 

Skull almost similar to that of F. palmarum palmarum, but differs as 
follows :-Nasals slightly shorter, 26·0-28·0 per cent (mean 27'0) of 
o. N. L. vs. 27·4-30.'8 per cent (mean 29'0) ; frontals slightly more 
constricted, least interorbital width 26·6-26·8 per cent (mean 26'7) 
of o. N. L. vs. 26'0-29'3 per cent (mean 27'7). 

Some of the other measurements are as follows :-Occipitonasal 
length 37·5-38·6 mm. (mean 38'1); greatest zygomatic width 54.2 
per cent of O. N. L.; tympanic bullae 19·4--19'8 per cent (nlean 19.-6) 
of O. N. L.; palate 48'1-49·4 per cent (mean 48-8) of o. N. L. ; 
upper cheek-tooth row 18'9 per cent of 0_ N. L. ; mandibular len~th 
53·6-.55'4 per cent (mean 54'5) of o. N. L. 

2e. Funambulus palmarum robertsoni Wroughton 

(Tables 29 and 30) 

Skull almost similar to that of Funambulus palmarum palmarum 
in structure,etc., but differs as follows :-Nasals slightly smaller, 27'4-
28·8 per cent (mean 28'1 per cent) of O. N. L. vs. 27'3-30'8 per cent 
(mean 29'0) ; frontals slightly Jess constricted, least interorbital WIdth 
26·7-31·1 per cent (mean 28·6) of O. N. L. rather than under 30 per cent 
(Ellerman, 1947a) vs. 26·0-29·3 per cent (mean 27.7) ; upper cheek-tooth 
row shorter, 6'2-7'2 mm. (mean 6'75) vs. 6'7-7'85 mm. (mean 7'25) 
rather than under 7 mm. in F. robertsoni and over 7 mm. in F. palmarum 
palmarum (Ellerman, ~ 1947a), or 16·4-18'8 per cent (mean 17'7) of 
O. N. L. vs. 17·2-2CJ·8 per cent (mean 19'0) ; occiput lower 5'6-5'8 
mm. (mean 5'7) vs. 5'6-7'0 mm. (mean 6'4). 

Some of the other measurements" are as follows :-Occipitonasa! 
length 37·8-38·5 mn;t. (mean 38·1) ; greatest zygomatic width 56·7-
57·0 per cent (mean 56·8)-wof O. N. L. ; tympanic bullae 18'7-19·6 
per cent (mean 19·3) of o. N. L. ; palate 48·4-49·3 per cent (mear 
48·7) of O. N. L. ; mandibular length 55·5-55·9 per cent (mean 5j·7) 
of O. N. L. 

2ZSIj63 6 
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3. Fupambulus tristriatus Waterhouse 

3a. Funambulus tristriatus tristriatus Waterhouse 

(SynonYlns : F. thomasi Wroughton and Davidson; and F. 
numarius Wroughton) 

(Tables 29 and 30) 

Skull almost similar to that of F. pennanti except for the following 
differences :-Larger, occipitonasallength over 40 mm. (39·6-42·3 mm., 
mean 41·0) vs. under 40 mm. (36·0-38·9 mm., mean 37·4) ; frontals 
slightly less constricted, least interorbital width 29·9-31·5 per ,cynt 
(mean 29·5) of O. N. L. vs. 25·~-29·1 per cent (mean 27·4) .," ty~pamc 
bullae smaller, under 1/5th (17·8-18·7 per cent) of O. N. L. VS .. over 
l/~th (19·8"-21·0 per cent) ; palate longer, over 20 mm. (20 .. 0-21·2 m~.) 
V$. under 20 mm. (17·7-18·7 mm.) , and 49·6-51·3 per cent (mean 
50·2) of o. N. L. vs. 47·1-50·5 per cent (mean 48·9) ; diastema longer; 
22·4-23·2 'per cent (mean 22·8) of o. N. L. vs. 20·0-21·6 per cent 
(mean 21·1). ,. 

. Mandlble: Large; greatest length of mandible 24·4-25·6 mm. (mean 
25·0) ; narrower than in F. pennanti, maximum width 46·4-49·6 per cent 
(mean 48·0l.of G. 'L. M. vs. 48·6-53·7 per cent (mean 51·2) ; root-length 
of lower molars slightly smaller, below 30 per cent (28·2-30·1 per cent) 
of G. ~. M. vs. over 30 per cent (29·5-33·7 per cent) ; lower diastema 
length slightJy longer, 18·7-21·2 per cent (mean 20·1) of G. L. M. 
vs. 15·4-18·5 per cent (mean 17·06). 

Some of the other measurements are as" follows :-Condylobasal 
length 36·4-38·3 mm. (mean 37·3); greatest zygomatic width 53·2-
56·5 per cent (mean 55-2) of O. N. L ; nasallengt4 27·8-' 30·7 per cent 
(mean 29·9) of o. N. L. ; upper cheek-tooth row 17·9-18·9 per cent (mean 
18·3) ·of O. N. L.I"; length of orbito-temporal fossa 27·5-30·0 per cent 
(mean 28·5) of o. N. L. 

3b. Funambulus tristriatus wroughtoni Ryley 

(Tables 29 and 30) 

Skull almost similar to that of F. tristriatus tristriatus in structure, etc., 
bu~ differing in being larger, occjpitonasallength 43·9-46·6 mm. (mean 
45·3) rather than over 44·7 mm. (Ellerman, 1947a) vs. 39·6-42·3 Mm. 
(mean 41·0) ; palate slightly longer, 22·6-23·9 mm. (mean 23·5) rather 
than over 23·5 mm. (Ellerman, 1947a) vs. 20·0-21·2 mm. (mean 20·5) 
or 50·9-51·5 per cent (mean 51 =1) of O. N. L. vs. 49·6-51·3 per cent 
(mean 50·2) ; tympanic bullae relatively smaller, 16·5-17·7 per cent 
(mean 17·35) of O. N. L. vs. 17·8-18·7 per cent (mean 18·25). 

Some of the othe.r measurements are as follows :-Greatest zygomatic 
width 55·1-57·6 per cent (mean 55·9) of O. N. L. ; least interorbital 
width 28·2-30·2 per cent (mean 29·0) of O. N. L.; nasal length 
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29·1-31·7 per cent.(mean 30·5) of o. N. L. ; upper cheek-tooth row 17·7 
-19·5 per cent (mean 18·6) of O. N. L. ; diasteJpa length 23·1--r24·5 per 
cent (mean 23·8) of O. N. L. ; greatest length of mandible 26·5-28·8 mm. 
(mean 27·6). 

4. Funambulus sublineatus Waterhouse 

4a. Funambulus sublineatus sublineatns Waterhouse 

(Tables 29 and 30) 

Skull almost similar to that of F. pennanti in structure, etc., but differs 
as follows :-Slightly smaller, occipitonasal length 33·0-34·5 mm. 
(mean 34·0) vs. 36·0-38·9 mm. (mean 37·4); frontals less constricted, 
least interorbital width oyer 29 per cent (29·7-30·3 per cent) of O. N. L. 
vs. below 29 per cent (24·0-29·1 per cent), even more than the nasal 
length ; postorbital processes relatively smaller ; tympanic bullae smaller, 
under 1/5th (17·2-17·5 per cent) of o. N. L. vs. over 1/5th (19·8-21·0 
per cent) ; orbito-temporal fossa smaller, under 10 mpl. (9·0) vs. over 
10 mm. (10·8-11·7); parietals feebly ridged ; ridges remaining 
distant apart, not forming sagittal crest. 

Mandible: Differing from that of F. pennanti in being smaller and 
narrower; mandibular length 51·7-53·0 per cent (mean 52·3) vs. 53·4-
58·1 per cent (mean 55·2) of o. N. L. and maximum width 49·5-50-5 
per cent (mean 50-1) vs. 48·6-53·7 per cent (mean 51·2) of G. L. M. 

Some of the other measurements are as follows :-Greatest zygomatie 
width 53-9 per cent of o. N. L. ; nasal length 26·3-29·0 per cent (mean 
27·65) of o. N. L. ; palatal length 45·5-46·5 per cent (mean 46·0) of 
O. N. L. ; upper cheek-tooth row 17·5-17·8 per cent (mean 17·6). of 
o. N. L. ; diastema 20·5-20·9 per cent (mean 20·7) of O. N. I,. ; 
greatest length of mandible 19·0-19·2 mm. (mean 19·1). 

Genus (16) Petaurista Link 

1. Petaurista petaurista Pallas 

Provisional key for identification of Oriental subspecies of Petaurista 
petaurista, based on skull characters. 

O. N. L., Occipitonasal length. 

1(2). Tympanic bullae over 14 nun. (exc~pt one skull having 13-3 nun. or over 
19 per cent of O. N. L. 

.•. P. p. cineraceus Blyth 
••• P. p. philippensis Elliot 

2(1). Tympanic bullae under 13 nun. or under 19 per cent of O. N. L. 
P. P, albiventer Gray 

6A 
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'rhe descriptions of the skull of various subspecies are given below. 

la. Petaurista petaurista cineraceus Blyth 

(Tables 31 and 32 ; and Plate 39) 

General: Skull large, occipitonasal length 70-5-76-5 mm. (mean 
73'7) ; dorsal surface highe~t over parietals ; sloping anteriorly and more 
so posteriorly, with prominent interorbital depression; cranium broad; 
rostrum short and broad; great tendency of fusion of bones; occipitona .. 
sal length exceeding condylo~asal length. Nasals: Short, under Ij3rd 
(30'8-32'5 per cent) oro. N. L. ; rather broad, over 15 per cent (17 02-. 
17"7 per cent) of O. N. L~ ; fairly extending forward over incisors; 
posteriorly subequal to ascending process of pre~axillCl:e; the 18:tter 
broad, subequal to combined width of nasals at postt?rior end ; po~terior 
extremity V-shaped or truncated; much narrower. posteriorly and gra­
dually becoming wider anteriorly. Frontals: Narrow; notched just 
anterior' to postorbit~l process; least interorbital width under 1/4~~ 
(21'3-22·6 per cent) of O. N. L. ; postorbital proce~ses projecting tr~ns~ 
versely, slightly raised up, thus proqucing prominent interorbital ~~­
pression ; frontal suture almost disappearing, only present in anterior one­
third portion. Parietals.~ Broader than long ; feebly ridged ; ridges not 
forming sagittal ~utu~e, but' running posteriorly from postorbital proje~­
tfOD$; '~t 'half the 9istance between mid-line and the lateral border of 
parietals, and' m~eti~g 'supraoccipital; pariet~l suture disappearing,; 
fronto-parietal suture nearly straight or slightly convex medially and 
curved anteriorly on sides. Interparietal: Absent. Occiput: Very lo~, 
12'7-13'5 per cent (mean 1.3°2) of O. N. L. ; upstanding and feebly 
ridg~d; basioccipital fairly broad; suture between basisphenoid and 
basioccipital disappearing; paroccipital pro~esses large. Squamosals: 
Relatively smaller, with strong zygomatic process; supratympanic 
portion broad, posteriorly meeting the mastoid and a portion of occi .. 
pital. Tympanic bullae : Pomegranate-shaped ; large and inflated ; 14.7-
15·9 mm. (mean 15'4) or over 1/5th (20'7-20·9 per cent) of O. N. L. ; 
external auditory meatus projecting anteriorly like the mouth of a jug ; 
auditory orifice large ; mastoids much reduced ; mastoid foramen dis .. 
tinct. Zygomatic arches ." Wide ; widest just behind postorbital process 
of jugals and becoming narrower anterio-rly, thus giving triangular shape 
to anterior portion of skull ; greatest zygomatic width over 60 per cent 
(64'0-66'5 per cent) of O. N. L. ; jugals extending the whole length of 
zygontatic arches; anteriorly' touching the lacrymals and posteriorly 
extending up to posterior truncated edge of zygomatic process of squa­
Dlosals ; small projection, corresponding to postorbital process of frontal, 
present over jugai bones ; anterior portion of jugals slightly circular and 
ridged ; zygomatic process of squamosals broad and extending trans­
versely from the skull, anteriorly projecting upto postorbital process of 
j ugals ; infraorbital foramen small, only transmitting infraorbital nerve ; 
a large tubercle, situated ventro-Iaterally to the foramen, present for 
muscle attachment. Palate: Short, under 55 per' cent (49 0 8-51-7 
per cent) of (). N. L. ; flat; extending or not extending posteriorly 
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behind molars ; anterior palatine foramina very small, 5·2-5·9 per cent 
·(mean 5·6) of o. N. L. ; situated far anterior to molars ; completely 
formed by prem3:xillae;' p.os~erior palatine foramina small ; canal 
for palatine vein present behind third upper molar (Hill, 1935) ; 
upper cheek ... tooth row long, 16·9 mm. or over 1/5th (23·0 per cent) of 
o. N. L. ; diastema shorter than cheek-tooth row, under 1/4th(20·1-
21·6 per cent) of o. N. L.; orbito-temporal fossa large, over 1/3rd 
(34·3-35·7 per cent) of o. N. L. Hamular process of pterygoids long, 
touching or at least reaching the antero-Iateral projection of tympanic 
bullae; pterygoid fossae fairly reduced and shallow ; foramen ovale 
~nd foramen lacerum anterius large; optic and sphenopalatine fora­
mina present in optic fossa. 

Mandible: Long, mandibular length over 60 per cent. (61·0-65·1 
per cent) of o. N. L. ; fairly broad posteriorly, maximum width 69·2-
71·2 per cent (mean 70·0) of G. L. M. ; coronoid process quite high, 
ascending from the ramus behind second lower molar; condylar process 
very small; angular process-large; masseteric ridge feeble; root-lengtIi 
of lower molars (37·8-39·3 per cent, mean 38·5, of G. L. M.) much 
longer than lower diastema len~th (20·0-21·6 per cent, mean 20·9, of 
G. L. M.). 

, Dentition: Upper incisors orthodont, reddish and ungrooved ; thicker 
than wide ; extending posteriorly upto anterior end of premolars ; lower 
incisors long. Upper premolars and molars : 5 in number (2 premolars 
and 3 molars), rooted; first tooth single-rooted, .and very small; other 
teeth 3-rooted ; pm4, ml and m 2 subequal in size and m3 slightly smaller ; 
four main ridges extending outwards from. inner portion and surrounding 
three depressions or folds ; inner side having a short reetrant fold in 
postero-internal corner; on wearing, folds isolating as islands; in rnS 

third ridge slightly curved posteriorly so that second fold becoming wider 
than in others. Lower premolars and molars: 4 in number (one pre­
molar and 3 molars), increasing in size antero-posteriorly ; ridges on 
crown surface excessively wrinkled and fused, giving rise to complicated 
pattern. 

1 b. Petaurista petaurista philippensis Elliot 

(Tables 31 and 32) 

Skull almost similar to that of P. petaurista cineraceus in structure, 
etc., but differs as follows :-Slightly smaller, occipitonasallength 69·1-
74·6 mm. (mean 72·2) vs. 70·5-76·5 mm. (mean 73·7) ; nasals slightly 
smaller, 27·6-30·3 per cent (mean 29·2) of O. N. L. vs. 30·8-32·5 per 
cent (mean 31·7) ; ascending process of premaxillae narrower than com­
bined width of nasals at posterior end as against subequal in P. p_ cine­
raceus; interorbital depression shallower; tympanic bullae slightly 
smaller, 13·3-15·3 mm. (mean 14·5) vs. 14·7-15·9 mm. (mean 15-4) ; 
upper cheek-tooth row shorter~ under 16·8 rum. (14·7-16·7 mm.) v". 
over 16·8 mm. (16·9 mm.). 
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Some of the other measurements are as follows :-Greatest zygomatic 
width 64·7-68·9 per cent (mean -65·8) of O. N. L. ; palate 49·3-52·4 
per cent (mean 50·5) of O. N. L.; upper cheek-tooth ..row ~1·2-22·8 
per cent (mean 22·0) of O. N. L.; length of orbito-temporal fossa 
34·7-36·7 per cent (mean 35·6) of o. N. L.; mandibular length 
59·3-63·3 per cent (mean 61·5) of O. N. L. 

Ie. Petaurista petaurista albiventer Gray 

(Tables 31 and 32) 

Skull almost similar to that of P. petaurista cineraceus, but differs as 
follows :-Smaller, occipitonasal length 66·4-69·3 mm. (mean 67·4) vs. 
7:0·5-76·5 mm. (mean 73·7) ; tympanic bullae much smaller, under 
13 mID. (12·2-12·8) vs. over 14 mm. (14·7-15·9 mm.) or under,I/5th 
(18·2-18·6 per cent) of O. N. L. vs. over 1/5th (20·7-20·9 per cent) ;' 
nasals slightly smaller, 29·4-30·7 per cent (mean 30·0) of O. N. L. vs. 
30·8-32· 5 per Gent (mean 31·7) ; ascending process of premaxillae much 
narrower than combined width of nasals posteriorly; diastema shorter, 
under"1/5th (17·4-19·2 per cent) of O. N. L. vs. ov.er 1/5th (20·1-21·6 
per cent); interorbital depression shallower ; mandible slightly smaller, 
mandibular length 59·9-60·8 per cent (mean 60·3) vs. 61·0-65·1 per cent 
(mean 62·7) of O. N. L. . 

Senne of the other measurements are as follows :-Greatest zygomatic 
width 64"0-66·5 per cent (mean 65·4) of O. N. L. ; palate 47·5-51·6 
per cent (mean 49·8) of O.N.L. ; upper cheek-tooth row 22·5-24·5 per 
cent (mean 23·4) of O. N. L. ; length of orbito-temporal fossa 35·5-37·3 
per cent (mean 36·4) ofO. N. L .. ; mandibular length 59·9-60·8 per cent 
(mean 60·3) of O. N. L. 

2. Petaurista magnificus Hodgson 

2a. Petaurista magnificus magnificus Hodgson 

(Tables 31 and 32) 

Skull almost similar to that of P. petaurista cineraceus in structure, 
etc., but differs as follows:-Smaller, occipitonasal length 68·4-72·2 mm. 
(mean ~0·4) vs. 70·5-76·5 mm. (mean 73·7); tympanic bullae smaller 
11·5-12·3 mm. (mean 11·9) vs. 14·7-15·9 mm. (mean· 15·4) or under 
l/5th (16·0-17·6 per cent) of O.N.L. vs. ov~r 1/5th (20·7-20·9 per cent) ; 
118sals broader, 18·1-19·5 per cent (mean 18-7) of O.N.L. vs. 17·2-
17·7 per cent (mean 17-4) ,; orbito-temporal foss.a slightly longer 35·5-
37·1 per cent (mean 36·3) of O.N.L. vs. 34·3-35·7 per cent (mean 35·1) ; 
ascending process of premaxillae narrower than combined width of 
nasals posteriorly; interorbital depression shallower; mandible slightly 
smaller, mandibular length· 59·~-61·9 per cent (mean 60·0) of O.N.L. 
vs. 61·0-65·1 per cent (mean 62-7). 
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Skull differing from that of P. petaurista a/biventer (of nearly the 
same locality) in having slightly smaller tympanic bullae, 11·5-12-3 mm. 
(mean 11·9) vs. 12·2-12·8 mm. (mean 12·4) or 16·0-17·6 per cent(mean 
17-0) of O.N.L. vs. 18·2-18·6 per cent (mean 18·4); and shorter cheek-. 
tooth row, 20·9-23·0 per cent (mean 21·9) of O.N.L. vs. 22·5-24-5 
per cent (mean 23·4). 

Some of the other measurements are as follows :-Greatest zygo­
matic width 65·1-67·4 per cent (mean 65·8) of O.N.L. ; nasal length 
28'9-31·4 per cent (mean 30·4) of O.N.L. ; palate 48·6-51·2 per cent 
(mean 50·2) of O.N.L. 

3. Petaurista alborufus Milne E~wards 

3a. Petaurista alborufus candidulus W roughton 

(I'abIes 31 and 32) 

Skull almost similar to that of P. petaurista cineraceus, but differs 
as follows :-Slightly shorter in maxhnurn range of occipitonasal length, 
72'2-74,8 mm. vs. 70·5-76·5 mnl.; tympanic. bullae smaller, 13-2-. 
13·7 mm. (mean 13 0 5) vs. 14·7-15·9 mm. (mean 15.·4) or under 1/5th' 
(18·0-18'7 per cent) of O.N.L. vs. over I/Sth (20 .. 7-20·9 per-' cent) ; 
nasals slightly broader, 17·4-18·9 per cent (mean 18'2) of O.N.L. VS_ 

17'2-17·7 per cent (mean 17·4); ascending process of premaxillae 
narrower than the combined width of nasals posteriorly ; inte.rorbital 
depression shallower; suture between basioccipital and basisphenoid 
generally distinct vs. disappearing in P. p. cine,raceus. 

Some of the other measurements are as follows :-Greatest zygo­
matic width 65·2-68·1 per cent (mean 66·4) of O.N.L·. ; least "inter­
orbital width 20·0-23·1 per cent (mean 21·4) of O.N.L. ; nasal length 
28·8-31·6 per cent (mean 30·3) of O.N.L. ; palate 50·+-51·5 per cent 
(mean 51·0) of O.N.L. ; upper ch.eek-tooth row 22·6-24·5 per cent 
(mean 23·6) of O.N.L. ; Iengtg. of orbito-temporal fossa 33·9--35·6 per 
cent (mean 34·7) of O.N.L. 

Genus (17) Marmota Blumenbach 

1. Marmota bobak MUller 

The skull of the Indian subspecies is described below. 
I 

la. Marmota bobak himalayana Hodgson 

(Tables 33 and 35 ; and Plate 40) 

General: Sku,It very large and stout; occipitonasal length 92-2-
110·7 mm. (mean 103·0) ; dorsal surface fiat, slightly sloping posteriorly 
with prominent sagittal and lambdo~d crests; cranium narrow; rost: 
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rum short and broad; condylobasallength equals or exceeds the occi­
pitonasallength. Nasals: Long, over 40 per cent (41 0 6-43'2 per cent) 
of O.N.L. ; rather broad, nasal width ,over 15 per cent (17·2- 17-5 
per cent) of O.N.L. ; extending anteriorly upto incisors and posteriorly 
beyond lacrymals, sufficiently behind the ascending process of pre­
maxilae ; the latter very narrow ; posterior extremity of nasals truncated ; 
narrowest posteriorly and becoming wider anteriorly, with slight in­
flection at the anterior one-third portion. Frontals: Interorbital cons­
triction broader than rostrum; narrowest just behind lacrymals; 
least interorbital width under 1/4t'h (23·0-24·6 per cent) of O.N.L. ; 
posforbital processes stout, projecting transversely ; strong ridges ex­
tending posteriorly from postorb~tal processes, forming long and sharp 
sagittal crest over parietals, meeting lambdoid crest; frontal suture 
almost disappearing except at anterior one-third portion in subadult 
skulls ; portion of frontals behind postorbital processes very narrow 0 

Parietals: Narrow; longer. than wide; parieto-squamosal sutures near­
ly parallel to sagittal crest; fronto-parietal suture indistinct. Occiput: 
High, 15·9-18·9 per cent (mean 17·8) of O.N.L. ; upstanding and 
strongly ridged; lambdoid crest slightly projecting backwards ; paroc~ 
cipital processes large. Squamosals: Fairly well developed; zygomatic 
process of squamosals stout and anteriorly projecting; supra­
tympanic portion fairly broad; perforated by subsquamosal and 
postglenoid foramen. Zygomatic arches: Stout; wide ; widest "medi­
ally; greatest zygomatic width over 60 per cent (60·3-63'7 per cent) 
of o. N. L.; zygoma not descending ventrally to level of palate ;. jugals 
extending the whole length of zygomatic arches; anteriorly touching 
lacrymals and posteriorly extending below and slightly behind the 
,zygomatic process of 'squamosals; the latter projecting anteriorly 
upto posterior one-third distance of zygomatic. arches; zygomatic 
process of maxillae quite high ; anterior outer margin of zygomatic 
arches and outer side of jugals ridged; infraorbital foramen small, 
only transmitting infraorbital nerve; prominent knob present on 
lower outer side of the foramen for the attachment of IIluscles. Tym­
panic bullae: Medium-sized, 16'7-18·9 per cent (mean 17·9) of 0, N. L.; 
rounded ;. auditory orifice large, somewhat dorso-Iaterally directed. 
Palate: Long, over 55 per cent (560 5-57'7 per cent) of O.N.L., extend­
ing slightly behind molars ; anterior palatine foramina small, under 
10 per cent (7·5-8·5 per cent) of O. N. L., situated far anterior to mol­
ars ; whole foramina, except posterior extremity, formed by premaxillae; 
posterior palatine foramina and palatine bones very small ; maxillo­
palatine suture distinct; upper cheek-tooth row long, over 1/5th (22·0-
~4·7 per cent) of O.N.L. ; diastema long, over 1/4th (26·4-27·4 per cent) 
of O.N.L. ; orbitotemporal fossa large, over 1/3rd (33·8-36'1 per cent) 
of O. N. L. Hamular process of pterygoids quite high, extending pos­
teriorly to basioccipital, but not touching tympanic bullae; ptery­
goid fossae shallow, perforated by large foramen ovale ; large canal 
for palatine vein present behind m3 • 

. ldandible: Long, mandibular length over 65 per cent (66·0-68·4 
per cent) of O. N. L.; rather broad, maximum width 55·0-60·5 per cent 
(~ean 58·0) of G. L .. M.; ~oronoid process fairly developed, ascending 
from the r~mus behInd thIrd lower molar; angular process slightly 
twisted outwards and extending posteri9rly upto, or slightly behind, 
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condylar process; masseteric ridge prominent; root of lower inci .. 
sor situated behind rn3 ; mental foramen very small ; root-length of 
lower molars (31·3-35·4 per cent, mean 33·4, of G.L.M.) more than 
lower diastema length (23·9-24·8 per cent of G. L.M .). 

Dentition: Upper incisors white, slightly proodont and having 
several longitudinal striations over their front surface; slightly thicker 
than wide ; extending posteriorly upto fourth premolar ; 19wer incisors 
plane and white. Upper premolars and molars: 5 in number (2 pre­
molars and three molars); rooted; gradually becoming large­
antero-posteriorly ; third premolar relatively larger than in the other 
genera, but less than half of fourth premolar; pm4, mt, ma and m 3, 

each having a large main inner cusp from which extending four ridges 
to outer border, separated by three outer folds; two middle ridges 
"prominent ; the fourth ridge narrow and fusing with third on wearing ; 
in m 3 third ridge more posteriorly curved, so that the second fold be­
coming wider than in other molars ; thir<;l fold generally isolating as 
island. Lower premolars and molars: 4 in number (one premolar 
and 3 molars); pm4 slightly larger than ml; m 3 largest of all; each 
tooth consisting of two outer tubercles separated by an outer -fold, 
and an antero-internal tubercle; the latter highest of all ; postero­
internal tubercle indistinct, anterior tubercles j<fined by a ridge. 

Family 5. DIPODIDAE 

Only one genus, laculus Erxleben, was studied. 

Genus (18) Jaculus Erxleben. 

1. Jacmus jaculus Linnaeus 

The description of only one subspecies is given below. This is the 
African species described in the present account; no oriental species 
of the family was available to me. 

la. Jaculus jaculus jaculus Linnaeus 

(Synonym : Dipus aegyptiu8 Lichtenstein) 

(Tables 33 and 35; and Plate 41) 

General: Skull medium-sized, occipitonasallength 36·3-36·5 mm. 
(mean 36·4) ; very broad; dorsal surface flat, with a depression over 
naso-frontal suture; slightly sloping anteriorly and posteriorly ; ros­
trum narrow, 16·0-17-0 per cent (mean 16·5) of O.N.L. ; occipitonasal 
length exceeding condylobasallength; greatest zygomatic width exceed­
ing bimeatal distance; sutures between paired bones distinct. Nasals: 
Long, over 40 per cent (40·2-" 43~2 per cent) of O. N. L.; rather broad; 
widest anteriorly 14·6-15·4 per cent (mean 15·0) of 0, N. L.; anteri-
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orly slightly shQrter than the premaxillae; posteriorly reaching to. 
infraorbital canal and subequal to narrow ascending process of pre­
maxillae; posterior border of each, V -shaped_ Frontals: Short; 
frontal length equal to' parietal length; fairly broad; narrowest imme­
diat~ly behind lacfymals, least interorbital width over 1/3rd (37-8-
.40·2 per cent) of O.N.L. ; unridged; evenly divergent backwards; 
pQstorbital proce~ses absent. Parietals: Broader than fron~als; 
width nearly thrice the length; fronto-parietal suture almost straIght, 
not curving forward laterally ; parietals laterally forming well marked 
downwardly dir~cting ridge, over squamosals. Interparietal: Large ; 
biconvex ; posterior border deeply convex backwards ; posterior three­
fourths portion surrounded by supraoccipital. Occiput: Vertical ; 
dorso-Iateral extensions of supraoccipital narrow and laterally touch­
ing squamosals; basioccipital fairly narrow due to enlarged bullae ; 
paroccipital processes small, foramen magnum and occipital condyles 
slightly shifted ventrally. Squamosals: Much reduced; supra-tympa­
nio portion very narrow ; posteriorly extending in form of a process 
up to lateral extensions of supraoccipital, then curving slightly down­
wards behind auditory orifice; supratympanic fenestrae large, filled 
by anterior extension of mastoids. Tympanic bullae: Excessively 
inflated, over 30 per cent (31-2-31-9 per cent) of o. N. L_ ; situated 
obliquely to longitudinal axis, meeting anteriorly with each other over 
ba5isphenoid ; external auditory meatus anteriorly swollen; auditory 
orifice large and directed posteriorly; mastoids fairly large and in­
flated ; anteriorly bulging out through supratympanic fenestrae and 
posteriorly projecting behind occiput. Zygomatic arches: Situat~d 
ventrally ; fairly wide posteriorly; greatest zygomatic width 71·3-
75·3 per cent (mean 73·3) of o. N. L. ; infraorbital canal widely open 
(mean height and width 21·7 per cent and 13·2 per cent respectively 
of O. N. L.), with a separate passage for nerve transmission on its lower 
inner side ; inferior maxillary root of zygomatic arch becoming ventral,. 
instead of lateral, to the canal, due to its (canal) enlargement '; jugals 
long, extending nearly the whole length of zygomatic arches ; anterior­
ly extending upto inferior maxillary root, then ,bending upwards at 
right angles reachin'g the Iacrymals, parallel to outer wall of infraorbital 
canal ; lacrymals very large; zygomatic process of squamosals ex­
te,nding transversely from ventral portion of the bones, with the tip 
protruding anteriorly Palate: Long, over 60 per cent (63-5-63·6 
per cent) of o. N. L. ; posteriorly extending fairly behind molars and 
having a medi~n' bifurcated spinous process ; anterior palatine fora­
mina medium-sized, 13·7-14·5 per cent (mean 14·1) of O. N. L., posteri­
orly Ixtending to molars; formed partly by premaxillae and partly 
by maxillae; posterior palatine foramina small; a small foramen 
for palatine vein present behind each mS ; upper cheek-tooth row 6-25 mm. 
or 17·2 per cent of o. N_ L. ; diastema over 1/4th 28·3-28-4 per cent of 
o. N. L. ; pterygoid fossae small and deep; hamular process of ptery­
goids posteriorly touching tympanic bullae; basisphenoid lying below 
the junction of tympanic bullae. 

Mandible: Weak; coronoid process short and reduced; angular 
process perforated by a large fenestra ; root of lower incisor forming 
knob on ,outer side of condylar process; maximum width of mandible 
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41.1 per cent of G. L. M.: lower diastema length (25·7 per cent of G L. 
M.) less then root-length of lower molars (30·3 per cent of G.L.M.). 

Dentition: Upper incisors orthodont or slightly proodont, white­
and longitudinally grooved; extending posteriorly upto .root of 
m4 lower incisors white and ungrooved; posteriorly terminating into a 
knob on outer side of condylar process. Moiars !: rooted. Upper 
molars: ml and m2 4-rooteJ : rna 2-rooted and smallest; each upper 
molar bilaminate, with one inner and one deep outer folds; the latter 
obliquely directed posteriorly : ml anteriorly notched; inner fold of m2: 
shallow. Lower molars: Bilaminate; m2 largest and rna smallest 
of all: ml.having a fold on each side: m2 with two outer and one inner 
folds; rns with only one outerfold; rnl anteriorly notched. 

Family 6. HYSTRICIDAE 

Two genera, Hystrix Linnaeus and Atherurus euvier, were studied. 

Key for identification of Oriental genera of Hystricidae, based on 
skull characters. 

O. N. L., Occipitonasallength. 

1(2). Nasals long, over 45 per cent of O.N.L.; fairly longer than frontals and 
extending posteriorly beyond lacrymals; least interorbital width over 35-
per cent of O.N .L. 

. .. Hystrix Li nnaeus 

2(1). Nasals under Ij3rd of O.N.L.; fairly shorter than frentals and not reaching 
posteriorly to lacrymals; least interorbital width under 35 per oent of 
O.N.L. 

. .. Atherurus Cuvier 

Genus (19) Hystrix Linnaeus 

KeY.for identification oj' Oriental species of Hystrix, based on 
skull characters. 

1 (2). AscendIng process of premaxillae broad posteriorly, over 20 mm.; extend-· 
ing nearly upto posterior extremity of nasals ; Crontals longer than parietals . 

.. . H. indica Kerr 
2(1)Ascending process of premaxillae posteriorly very narrow, under 5 mm.; 

posteriorly extending upto hvo.thirds distance of nasals; frontals subequal 
to parietals. 

. ..... H. hodgsoni subcristata Swinhoe 

1. Hystrix indica Kerr 

1 a. Hystrix indica indica Kerr 
(Synonym: H. leucura Sykes) 
(Tables 34 and 35 ; and Plate 42) 

Cieilgral: Skull very large, occipitonasal length 142·8-157·3 mm. 
(mean 150-2); slightly arc·hed dorsally, with prominent sagittal and 
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lambdoid crests; rostrum ,long and broad; tendency of fusion of 
bones; occipitonasallength subequal to condylobasallength. Nasals: 
Very long, 49·4-52·0 per cent (mean 50-9) of O.N.L.; fairly broad, width 
26·8-27·4 per cent (mean 27·1)' of O.N.L.; wid~st posteriorly; lateral 
margins nearly parallel with slight medial inflection; anteriorly not 
reaching the tip of premaxillae ; posteriorly extended little beyond 
the ascending process of premaxillae and terminating in a line with 
anterior portion of the orbits; premaxillae broad posteriorly, 22·2-
26·5 mm., nearly as broad behind as in front. Frontals: Longer than 
parietals and much ·smaller than nasals; broad and unconstricted, 
least interorbital width 39 per cent of O.N.L.; feebly ridged on sides; 
frontal suture disappearing; fronto-parietal suture nearly straight and 
serrated. Parietals: Small ; confined posteriorly to zygomatic process 
of squamosals ; ridged ; ridges forming sagittal crest in posterior 
two-thirds portion; the suture between parietal~ and supraoccipital, 
and pariefal suture disappearing. Interparietal: Present in subadult, 
skull, but untraceable in adults; when present, conical in shape. Occi-
put: Upstanding and high, 20·7-22·2 per cent (mean 21·6) of O.N.L., 
with powerful median and lambdoid crests; paroccipital processes 
large. Squamosals: Moderately developed; supratympanic portion 
narrow, but extending posteriorly upto occipital; zygomatic process 
of squamosals large and slanting downwards; anteriorly a furrow 
present over squamosals for the transmission of temporal muscles-. 
Tympanic bullae: Very small, 12·8 per cent of O.N.L., with short tubular 
auditory meatus; anteriorly touching the hamular process of ptery­
goids; mastoids reduced; stylomastoid foramen distinct. Zygo­
matic arches: Stout; anterior zygomatic root placed over middle 
of cheek-tooth row; widest across maxillary root of zygo­
ma ; greatest zygomatic width 52·6 per cent of O.N.L.; infraorbital 
canal very· large, having no separate passage for nerve transmission ; 
inferior maxillary root of zygoma slender and completely ventral to 
infraorbital canal; superior maxillary root forming vertical outer wall 
·of the opening and broad; jugal long, laterally compressed and broader 
in front than behind ; extending anteriorly upto anterior orbital margin, 
but dorsally not reaching the lacrymal; posteriorly extending upto 
posterior edge of zygomatic process of squamosal; orbitotemporal 
fossa small, under Ij5th '(19-4-20 .. 0 per cent) of O.N.L. Palate; Long, 
over 50 per cent (53'7-54·7 per cent) of O.N.L., not extending behind 
molars; rather narrow; anterior palatine foramina very small, 4·2-
4·8 per cent (mean 4·4) of O.N.L.; much nearer to incisors than molars; 
completely formed by premaxillae; palatal surface perforated by a 
number of small foramina ; palatine bones much reduced; posterior 
edge of palate angular; upper cheek-tooth row over 1/5th (22·4-22·7 
per cent) of O.N.L.; diastema long, 29·3-30·4 per cent (mean 29·9) 
of O.N.L.; portion o~.maxil1ae supporting molars stout and swollen. 
Pterygoid fossae narrow, situated fairly behind m3 ; mesopterygoid 
fossa deep and large; basisphenoid, basioccipital and presphenoid 
bones completely fused and fairly sloping anteriorly. 

Mandible: Large and stout; greatest length of mandible 100-
101'2 mm. (mean 100-6); mandibular length 62-2-68·4 per c'ent 
(mean 64-9) of O.N.L.; coronoid process small, lower than condylar 
but stout; angular process stout, powerfully distorted outwards and 
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situated outwardly to lower incisor root ; notch between angular and 
condylar processes absent; posterior margin straight; masseteric 
ridge prominent; incisors deep rooted, extending posteriorly upto 
condylar process; root-length of lower molars (34·6-35·0 mm., mean 
34·8) more than lower diastema length (26·1-27·4 mm., mean 26·8). 

Dentition: Consisting of a pair of incisors and four pairs of cheek­
teeth. Upper incisors yellow, thick and ungrooved ; slightly proodont ; 
extending posteriorly upto premolar; lower incisors long, extending 
backwards and terminating at the root of condylar process. Upper 
premolars and molars: 4 (one premolar and 3 molars) ; hypsodont 
and flat-crowned ; first tooth longer than wide and largest; others 
nearly rounded or square; each tooth having one inner and four outer 
folds ; the latter soon isolated as islands. Lower premolars and molars : 
4 (one premolar and 3 molars) ; reversing the pattern of uppers; no~ 
v'~ry clear due to attrition. 

2. Hystrix hodgsoni Gray 

2a. Hystrix hodgsoni subcristata Swinhoe 

(Tables 34 and 35) 

Only one subadult female s~ull was available to me ; hence mainly 
structwal differenc es are mentioned. 

. Skull almost simil~r to that of Hystr.i~ in4ica indica, but differs as 
follows :-Smaller. Occipitonasal length 119 mm. vs. 142·8-157·3 mm. (mean 150·2); fairly arched dorsally; nas~Is slightly longer, 
55·6 per cent of O.N .L. vs. 49·4-52·0 per ~ent (mean 50·9), extending 
more posteriorly anq. terminating at middle of orbito-temporal fossa 
~s against at the anterior portion; posteriorly one-and-half timC(s 
wider than anteriorly; ascending process of premaxillae posteriorly 
very narrow, 3·2 mm. vs. 22·2-26·5 mm. (mean 23·9), reaching posteri­
orly upto two-thirds distance of nasals; con~equently, frontals 
extending anteriorly on both sides of nasals, and maxilla/ shifting dor­
sally; frontals reduced in length due to posterior extension of nasal~ 
and subequal to parietal length; interparietal bone present and large. 

Genus (20) Atherurus euvier 

Key for identification of species of Atherurus, bas~d on skull 
characters. 

o .N.L., Occipitonasallength. 

1(2). Paiate long, over 50 per cent 0 f O.N.L.; posterior margin truncated and 
extending up to last molar ; ascending process of premaxillae posteriorly 
broad, over 6 nun. 

. .. A. africanus Gray 
2(1). Palate short, under 50 per cent of O.N.L.; posterior margin angular and 

extending upto penultimate molar; ascending process of premaxillae 
posteriorly narrow, under 5 mm. 

• •• A. macrourus Linnaeus 
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1_ Atherurus macrourus Linnaeus 

1a. Atherurus macrourus macrourus Linnaeus 

(Table 34) 

[VOL. 60, 

General : ~kull smaller than that of Hystrix indica,· occipitonasal 
1ength 91·5 nlm. vs. 142·8-157·3 mm. (mean 150·2); rostrum short; 
sutures between paired bones distinct, slight depression present over 
frontals; occipitonasallength exceeding condylobasallength. Nasals: 
Short, under 1/3rd (27·4 per cent) of O.N.L.; and narrow, nasal width 
17 per cent of O.N.L.; anteriorly slightly shorter than premaxillae; 
posteriorly ending anterior to infraorbital canal and subequal to ascen­
ding process of premaxillae; the latter posteriorly very narrow, 3-3-
5·2 mm. Frontals: Much longer than nasals as against much shorter 
in H; indica; slightly narrower, least interorbital width -32·7 per cent 
of O.N.L. vs. 39·0 per cent; frontal bones projecting as triangular­
spine for a little distance between posterior margin of nasals (in all the 
three specimens) rather than having straight anterior border (Parsons, 
1894, p_ 676); frontal suture distinct. Parietals: Small; confined 
-posteriorly to orbito-temporal fossa; posteriorly not reaching the 
occipital crest; parietal suture distinct. Interparietal: Large; coni­
cal; prominent sagittal crest present over its whole length. Occiput: 
Vertical; lower than in H. indica, under 1/5th (19·S per cent) of O.N.L. 
vs. over 1j5th (20·7-22·2 per cent) ; median occipital and lambdoid 
crests powerfully developed; paroccipital processes short; foramen 
magnum and occipital-condyles situ~ted slightly ventrally. Squamos­
als: Reduced; supratympanic portion narrow and extending posteri­
orly upto occipitals; anteriorly a furrow present for muscle trans­
mission. Tympanic bullae: Larger than in H. indica, 15·8 per cent 
of O.N.L. vs. 12·8 per cent; anteriorly touching the hamular process 
of pterygoids. Stylomastoid foramen distinct. Zygomatic arches I 
Stout; anterior zygomatic root placed more anteriorly than in H. 
indica, situated over fourth premolar as against over middle of cheek­
tooth row; greatest zygomatic width SO·8 per cent of O.N.L.; infraor­
bital canal very large, having no separate passage for nerve transmission; 
inferior maxillary root of zygoma cempletely ventral to infraorbital 
canal ; jugal long, laterally compressed, broader in front than behind ; 
extending anteriorly upto anterior orbital margin, but not reaching the 
lacrymals ; orbito-temporal fossa slightly longer than in H. indica, 
over 1j5th (22·6 per cent) of O.N.L. vs. under 1jSth (19·4-20·0 per cent). 
Palate: Short, under one-half (48 per cent) of O.N.L., extending PQS­
teriorly upto penultimate molar; posterior margin angular; per­
forated by several smaller pits -; anterior palatine foramina very small, 
5·4 per cent of O.N.L., completely formed by premaxillae; palatine 
bones much reduced; upper cheek-tooth row shorter than in H. indica, 
under 1j5th (18·2 per cent) of O.N.L_ vs. over 1j5th (22-4-22-7 per cent); 
portion of maxillae supporting molars weak and not swollen; dias­
tema 29-5 per c~nt of O.N.L.; pterygoid fossae narrow, situated fairly 
behind m3 

; suture -between basioccipital and basisphenoid bones dis­
tinct ; foramen lacerum anterius small; foramen ovale large. 

Mandible I Absent in _ the specimens available to me. 
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Dentition: Upper incisors red and ungrooved; extending post­
teriorly upto premaxillary-maxillary suture. Cheek-teeth' t (one 
premolar and 3 molars); first three teeth nearly equal in size, and 
fourth one smaller; pattern of molars not clear. 

2. Atherurus africanus Gray 

2a. Atherurus africanus africanus Gray 

(Table 34) 

Skull almost similar to that of A. maerourus, only differing in being 
slightly more robust and dorsally arched; palate longer, over 50 per 
cent (56 0 1 per cent) of OoNoL. vSo under 50 per cent (48 0 0 per cent) ; 
posteriorly ,extending upto last molars ; posterior margin truncated; 
ascending process of premaxillae posteriorly sJightly wider, 6·9 mm. 
vSo 3'3-~'2 mm.; squamosals prominently ridged anteriorly for the' 
attachment of muscles; jugals reaching anteriorly nearer the lacry­
mals than in A. macrou.rus ; distance between its anterior suture and 
ant'erior border of infraorbital canal less than 4 mm. vSo over 5 mm~ 
(5-7 mmo) ; upper incisors extending posteriorly behind premaxillary­
maxillary suture forming knob over diastema. 

Some of the other measurements are as follows :-Occipitonasal 
length 92·1 mm.; greatest zygomatic width 51·1 per ,cent of O.N.L.; 
least interorbital width 320 6 per cent of OoNoLo; tympanic bullae 15·9 
per cent of OoN.Lo; nasal length 25·1 per cent of O.N.L.; upper cheek­
tooth row 20·3 per cent of O.N.L. ; diastema length 28'7 per cent of 
O.N.L.; occiput 18·9 per cent of O.N.L. 

III-TENTATIVE KEYS FOR THE IDENTIFICATION OF SUPERFAMILIES, 
FAMILIES, GENERA, SPECIES AND SUBSPECIES OF ORIENTAL RODENTS, 
BASED ON MANDIBLE CHARACTERS. 

The following tentative keys are based on the study of mandibles 
of 20 genera and 60 species and subspecies of Oriental Rodents. TBough 
incomplete, they will, I hope, be helpf~l in the identifiocation of the 
families, and several of the genera, speCIes and subspeCIes. A study 
of the mandible showed that marked differences exist up to subgeneric 
rank, but in species and subspecies the differences are average rather 
than absolute. 
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(a) Key for identification of superfamilies a,.d families of Oriental 
Rodents. 

G. L. M., Greatest length of mandible. 

O. N. L., Occipitonasallength of skull. 

1(4). Angular process of lower Jaw never 4istorted outwards and situated' 
below the lower incisor root. 

2(3). Lower cheek-teeth 3 in number, except in genus Dryomys (subfamily 
Muscardininae, family Muscardinidae) where it is four; molars. 
cuspidate laminate~ prismatic or flat-crowned . 

.. . Superfamily SCIUROIDEA. 

••• Superfamily MUROIDEA. 

3(2). Lower cheek-teeth 4 in num1?er ; mola~s having excessively wrinJPed' 
pattern or cusps at each comer. 

. .. Superfamily HYSTRICOIDSA . 

... (Family SCWRlIDAB) 

4(1). Angular process of lower jaw specialized by distortiQn outwar-ds a·n4: 
situated outwardly to lower incisor root; lower cheek-teeth 4 ill-. 
number and flat-crowned. 

. .. (Family H YSTRICIDAE) 

(b) Key for identification of families ,and subfamilies of the Superfami·ly 
. Muroidea. 

1(8). Lpwer cheek-ttfeth 3 j~ number; molars cuspidate, laminate or prismatic: 
In pattern. . 

... Family MURID~ 

2(3). Lower cheek-teeth prismatic in pattern and generally evergrowing: 
lower m2 never bilaminate. 

. .. Subfamily MICROTINAE' 

3(2). Lower cheek-teeth not prismatic and rooted. 

4(7). Lower cheek-teeth biserially cuspidate or laminate. 

5(6). Cusps arranged side by side ; lower m2 always bilaminate, separated' 
by a fold on each side. 

. .. Subfamily G ERBILLINAE' 

6(5). Cusps alternately arranged; lower m2 having more than one fold OD' 
each side. 

. .. Subfamily C R1CET1NAE" 

7(4). Lower cheek-teeth triserially cuspidate or laminate ; outer row of cusps. 
may be vestigeal ; lower m2, except in genus Nesokia, ha~g some trace 
of original front lamina, i.e., trilaminate. 

. .. Subfamily MURINAB: 
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8(1). Lower molars generally fiat-crowned ; folds isolating as islands 011 
crown surface. 

9(10). Lower cheek-teeth 3 in number ; G.L.M. over 2S mm. ; lower incisor 
root forming prominent knob on outer side of condylar process . 

... Family RmzOMYIDAa 

10(9). Lower cheek-teeth 3 or 4 in number, G.L.M. under 25 mm. ; lower 
incisor root not forming prominent projection . 

... Family MUSCAlIDINIDAE 

(c) Key for identification of genera, species and subspecies of subfamily 
Microtinae (family Muridae). 

1(2). Lower cheek-tooth row under 1/3rd of G.L.M. ; molars rooted and 
not having any closed triangle on the crown surface ; lower incisor 
root forming prominent knob on·outer side of condylar process; G.L.M. 
over 20 mm. 

. .. Genus Ellobiu1 Fischer 
(E. /uscocapil/us Blyth) 

2(1). Lower cheek-tooth row over 1/3 of G. L.M. ; G.L.M. under 20 mm. ; 
molars rootless and generally having one or more closed triangles OD 
its crown surface. 

3(4). First lower molar having one (third triangle) or no closed triangle on 
its crown surface. 

.. . Hyperacrius wynnei Blanford 

4(3). First lower molar having three or more closed triangles on its crown 
surface. 

5(8). Lower m, normally with three closed trianslr.s. ; maximum width of 
mandible Over 8 mm 

• II Genus Pitymys McMlJrtrie 

6(7). Lower m1 having five inner and four out~r folds ; root of lower incisors 
not prominent. 

. .. Pitymys sikimensis Hodgson 

7(6). Lower mt having four inner and three outer folds ; root of lower incisors 
prominent, forming knob on outer side of condylar process . 

.. . Pitymys leucurus Blyth 

8(5). First lower molar normally with four or five closed triangles ; maximum 
width of mandible under 8 Irtlll. 

. .. Genus Alticola Blanford 

9(10). Maximum width of mandible over 45 per cent of G. L. M. ; mandi­
bular length under 60 per c~nt of O. N. L . 

... Alticola roylei roylei Gray 

10(9). Maximum width of mandible under 4S per cent of G. L. M. ; mandi­
bular length over 60 per cent of o. N. L • 

2 ZSI/63 

. .. Alticola strachey; Thomas 
" •• Altieola bhatnagari Biswas &. Khajulia , 
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Cd) Key for identification of g~nera, species and subspecies of subfamily 
Gerbillinae (family Muridae). 

1(8). Molars biserially cuspidate; cusps symmetrically arranged; mandibular 
length under one-half of O. N. L. 

2(5). G. L. M. over 20 mm. ; maximum width under one-half of G. L. M. ; 
diastema over lj4th of G. L. M. 

. .. Genus Tatera Lataste 

3(4). Maximum width over 46 per cent of G. L. M. 
... Tatera indica indica Hardwicke 

4(3). Maximum width generally under 46 per cent of G. L. M . 

5(2). G. L. M. under 15 mm. 

... T. indica cuvieri Waterhouse 

... 1'.. indica ceylonica Wroughton 

... T. indica hardwickei Gray_ 

. .. Genus Gerbil/us Des~arest 

6(7). Maximum width over one-half of G. L. M. ; diastema under Ij4th 
of G. L. M. and less than root-length of lower molars . 

... Gerbil/us nan us nanus Blanford 
... Gerbil/us dasyurus indus Thomas 

7(6). Maximum width under one-half of G. L. M. ; diastema over 1/4th 
of G. L. M. and more than root-length of lower mol~rs . 

... Gerbil/us gleadowi Murray 

8(1). Molars laminate ; laminae always jointed . 

... Genus M eriones Illiger 

9(14). Mandibular length over one-half of O. N. L. ; maximum width over 
one-half of G. L. M. ; lower diastema length less than root-length of 
lower molars. 

10(11). Coronoid process stout and higher than condylar process . 

... Meriones hurrianae Jerdon 

11(10). Coronoid process weak and in level with condylar process. 

12(13). G. L. M. over 20 mm. ; root-length of lower molars over 5 mm.; 
lower diastema length over Ij4th of G. L. M . 

... Meriones libycus erythrourus Gray 
13(12). G. L. M. under 20 mm. ; root-length of lower molars under 5 mm. 

lower diastema length under 1/4th of G. L. M . 

... Meriones crassus swinhoei Scully 

14(9). Mandibular length under one-half of O. N. L. ; maximum width 
under one-half of G. L. M. ; lower diastema length more than root­
length of lower molars. 

. .. Meriones persicus persicus Blanford 
••. Meriones persicus baplisla. Thomas 
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{e) Key for identification of genera, species and subs.pecies of sub/ami ly 
Cricetinae (family Muridae). 

1(3). Lower ml having two folds on each side . 

... Genus Ca{omyscus Thomas 

2(4). Mandibular length under SO per cent of O. N. L. ; lower diastema 
length under 1/4th of G. L. M. 

. .. Calomyscus bai/wardi Thomas 

3(1). Lower ml having three inner and two outer fol<fs . 
... Genus Cricetulus M. Edwards 

4(2). Mandibular length over SO per cent of O. N. L. ; lower diastema length 
over 1/4th (30 per cent) of O. L. M . 

... Cricetulus migratorius /u/vus Blanford 

(f) Key for identification of species and subspecies of genus Ratt 111 

(subfamily Murinae, family Muridae). 

1(6). Mandibular length over 50 per cent of O. N. L. ; maximum width over 
50 per cent of G. L. M. 

2(3). G. L. M. over 25 nun. ; root-length of lower molars over 7·5 mm . 

.. . R. bowersi mackenziei Thorn as 

3(2). G. L. M. &nder 25 mm. ; root-length of lower molars under 7·5 mm. 
4(5). Lower diastema length more than root-length of lower molars . 

.. . R. manipulus manipulus Thoma6 

5(4). Lower diastema length less than root-Iengt h of IO·Ner molars . 

... R. raltus arboreus Horsfield 

6(1). Mandibular length under 50 per cent of O. N. L. ; maximum width 
under 50 per cent of G. L. M. 

7(8). G. L. M. over 20 mm., diastema length over 1/4th of G. L. M . 

... R. rajah suri/er Miller 

8(7). G. L. M. under 20 nun. 
9(10). Maximum width under 8·1 mm. or under .47 per cent of O. L. M. ; 

root-length of lower molars under 5 mm . 

... R. cutchicus siva Thomas 

10(9). Maximum width over 8·5 mm. or over 47 per cent of G. L. M., Toot­
length of lower molars over 5 mm. 

. .. R. fulvescens Gray 

(g) Key for identification of species and subs1!.ecies of genera 
Bandicota and Nesokia (subfamily Murinae,jamily Muridae). 

1(2). Lower molars laminate; m2 generally devoid of antero-external c.usp ; 
mandibular length over 63 per cent of O. N. L. 

. .. Genus Nesokia Gray 
(N. indica indica Gray & Hardwicke) 

(N. indica hut/on; Blyth) 
7A 
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2(1). Lower molars triserially cuspidate, with tendency to form transverse 
laminae; antero-extemal cusp present in m2 ; mandibular length under 
64 per cent of O. N. L. 

. .. Genus Bandicota Bechstein 

3(4). Mandibular length on an average, over 60 per cent of o. N. L. ; lower 
m1 and m2 devoid of heel or last cusp . 

... Bandicota bengalensis Gray 
(B. bengalensis bengalensis Gray 
B. bengalensis kok Gray 
B. bengalensis wardi Wroughton 
B. bengalensis varius Thomas) 

4(3). Mandibular length on an average, under 60 per cent of o. N. L. ; lower 
m1 and m 2 generally having the heel. 

•.. Bandicota indica. Bechsteia 

5(6). G. L. M. under 30 mtn. ; maximum width over 60 per cent of G. L. M~ 

... Bandicota indica savilei Thomas 

6(5). G. L. M. over 30 mm. ; maximum width on an average, under 60 per 
cent of G. L. M. 

• .. Bandicota indica indica Bechstein 
... BandicQta indica nemorivaga' Hodgson 

(h) Key for identification of genera, species and subspecies of 
family Rhizomyidae. 

1(4). u. L. M. over 40 mm.; maximum width of mandible on an average 
over 67 per cent of G. L. M.; lower incisor root not reaching the top 
of condylar process. 

. .. ·Genus Rhizomys Gray 

2(3). G. L. M. over 50 rom.; mandibular length over 70 per cent of 
o. N. L. ; maximum width under 70 per cent of G. L. M . 

.. . Rhizomys sumatrensis cinereus MacCleIland 

3(2). O. L. M. under 50 mm.; mandibular length under 70 per cent of 
o. N. L.; maximum width over 70 per cent of G. L. M. (one 
exception out of 5 mandibles). 

• .. Rhizomys pruinosus Blyth 

4(1). G. L. M. under 40 mm. ; maximum width of mandible on an average 
under 67 per cent of G. L. M. ; lower incisor root generally reaching. 
the top of condylar process. 

• .. Genus Cannomys Thomas 
(C. badius bad ius Hodgsona. 
C. badius pater Thomas 
C. hadius castaneus Blyth) 
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(i) Key for identification of genera and species of family 
M uscardinidae. 

1 (2). Lower cheek-teeth 4 in number; cuspidate ; angular process generafiy 
perforated (Ellerman, 1~40). 

. .. Genus Dryomys Thoma) 
(D. nitedula pieta Blanfords 

2(1). Lower cheek-teeth 3 in number ; flat crowned; ridges, on wearing, 
isolate on crown surface ; angular process not perforated . 

... Genus Plataeanthomys Blyth 
(P. lasiurus Blyth) 

U) Key for identification o/three-genera o/family Sciuridae. 

1 (2). Lower molars complex and excessively wrinkled, lacking large central 
depression characteristic of other genera; maximum width over 65 per 
cent of G. L. M. ; root-length of lower molars over 35 per cent of 
G. L. M. 

•.. Genus Petaurista Link 
(P. petaurista Pallas 
P. magni/ieus Hodgson 

P. alborufus Milne-Edwards) 

2(1). Lower molar pattern not complex and with a large central depression; 
maximum width under 65 per cent of G. L. M. ; root-length of lower 
molars under 35 per cent of G. L. M. 

3(4). Mandibular length under 60 per cent of O. N. L. ; maximum width under 
55 per cent of G. L. M.; lower diastema-length under 1/5th of G. L. M • 

... Genus Funambulus Lesson 

4(3). Mandibular length over 65 per cent of O. N. L. ; maximum width over 
55 per cent of G. L. M. ; lower diastema-length over l:th of G. L. M . 

... Genus Marmota Blumenbach 
(M. bobak himalayana Hodgson) 

(k) Key for identification of species of genus Funambulus 
(family Sciuridae). 

1(2). G. L. M. over 24 mm. ; maxi~um width under one-half ofG. L. M • 

... F. tristriatus Waterhouse 
(F. tristriatus tristriatus Waterhouse) 

(F. tristriatus wroughtoni Ryley) 

2(1). G. L. M. under 24 mm. ; maximum width (except in F. palmarum 
kelaarti) on an average, over one-half of G. L. M. 

3(4). O. L. M. under 20 mm. ; root-length of lower molars under 6,3 mm . 

•• • F. sublineafuJ Waterhouse 
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4(3). G. L. M. over 20 lDtn. ; root-length of lower molars over 6·3 mm • 

... F. pennanti Wroughton 
.. . F. palmarum LinnaeUi 

(F. palmarum pa/marum Linn. 
F. palmarum kelaarti Layard 

F. palmarum robertsoni WroughtoD 
F. palmarum bellaricus Wroughton 

F. palmarum brodiei Blyth) 

(1) Key for identification of species of genus Hystrix (family 
Hystricidae). 

1(2). O. L. M. over 100 nun. ; mandibular length over 60 per cent t)f 
O. N. L. 

. . . Hystrix indica Kerr 

2(1). O. L. M. under 90 nun.; mandibular length under 60 per cent of 
O. N. L. 

. .. Hystrix hodgsoni subcristata Swinhoe 

IV-SKULL MODIFICATIONS IN RELATION TO ECOLOGY 

(a) General 

The ecology of rodents may now be considered in relation to the 
modifications in skull-structure. Only those habits are dealt with 
which are expected to influence the skull. 

Our knowledge of the ecology of oriental rodents is relatively scanty. 
Short accounts have been given by Jerdon (1874), Blanford (1888), 
Finn (1929), Ogilvie (1949), Phillips (1935), Prater (1948), Roonwal 
( 1949), Prasad (1954), Prakash (1956-60) and Khajuria (1962). The 
present author also had an opportunity to study some aspects of 
the ecology and biology of the Desert Gerbil, Meriones hurrianae, 
in the field ; an account of it is presented separately. 

(b) Summary of ecology of various genera of Oriental Rodents 

In the following brief review only those habits such as those connect­
ed with feeding, locomotion (e.g., arboreal, saltatorial, fossorial), 
etc., which are Iikey to produce a modification in skull-structure, arc 
touched upon. 

1. Family MURIDAB 

Subfamily GERBILLINAE 

Gerbils are burrowers and move in a series of leaps. They are 
generally 11erbivorous and feed mainly on seeds and grains. 
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1. Tatera indica Hardwicke 
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Habits! Nocturnal. Lives in subterranean burrows dug by themselves 
in soft, sandy soil. Burrows are long and may be shallow or deep; 
these consist of a central chamber and one or more exits. 

Food: Feeds mainly on grains and seeds but also relishes rhizomes, 
grass-leaves and flowers ; occasionally insectivorous. 

2. Meriones hurrianae Jerdon 

Habits: Diurnal. Lives in desert and semi-desert areas. Extensive 
burrower ; burrows long and shallow or deep ; dug in soft sandy soil, 
specially by ~eans of fore- and hind-claws. 

Food: Prefers seeds and grains; also roots, stems, leaves and flowers 
occasionally insectivorous. Feeds on hard nuts and grains by gnawing 
and extracting the kernel. 

3. Meriones persicus Blanford 

Habits: Nocturnal. Burrows found beneath rocks on grasl 
mountain sides. 

Food: Feeds mainly on grains. 

4. Gerbillus nanus Blanford 
Habits: Nocturnal. A burrower ; the numerous burrow holes 

meet with beneath bushes on sand dunes. 
Food: Consists of seeds, roots, stems and leaves. 

Subfamily MICROTINAE 

The Microtinae are mainly burrowers and live in high altitudes . 
. They feed on coarse vegetable substances. 

5. Pitymys sikimensis Hodgson 
Habits: Diurnal. Found in high altitudes (2000-5000 metres); 

inhabits grasslands, rocks and forests ; burrows medium-sized, having 
several exits and covered with thick vegetation. 

Food: Feeds on green vegetable matter; takes grains ,vith its entire 
husk or removing very little of it. 

6. Alticola roylei Ora y 
Habits: Found at elevations of 3000 metres where they live in 

open uplands and rocky ground covered with coarse grass. 
Food: Hard diet of coarse grasses and roots. 
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7. Ellobius fuscocapinus Blyth 

Habits: Highly fossorial. 

Subfamily MURINAE 

8. Bandicota indica Bechstein 

Habits: Nocturnal. Lives in large burrows dug deep in the soft 
and damp soil. 

Food: Feeds on grains, seeds, fruits, tuberous roots, succulent 
shoots and the bark of certain shrubs. 

9. Bandicota bengalensis Gr. & Hardw. 

Habits.' Nocturnal. Burrows fairly long (15-20 metres); dug in 
gardens and pastures or in cultivated fields. 

Food: Chiefly feeds on grains (of paddy), considerable hoards of 
\Jt'hich are found in their burrows; this also serves as food in off season. 

10. Nesokia Gray 

Habits: Extensive burrower; burrows deep (ca. 60 cm,) and long, 
having several false galleries, generally dug in gardens and cultivated 
fields. 

Food: Feeds on grasses, roots, herbs and grains. 

11. Chiropodomys gliroides Blyth 

Habits: Arboreal. 

12. Rattus manipulus Thomas (Vide Roonwal, 1949) 

Habits: Common in oak scrub. It is a rat of. the open country with 
essentially ground and burrowing habits-this being indicated by its 
small eyes. 

Food: Consists of vegetable (grasses) and animal (insects and earth­
worms) matter. 

12a. Other species of rats are generally omnivorous. 

2. Family RHIZOMYIDAE 

13. Rhizomys Gray 
and 

14. Cannomys Thomas 

Habits: Nocturnal. Extensive burrowers; excavate deep burrows 
with their powerful teeth and claws, under bamboo thickets at high 
altitudes on mountains or in open grass covered ground. Slow in move­
ment and weak of sight. 
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Food: Feed mainly on roots and young shoots of bamboo and grasses. 
Also take other vegetable products and grains such as Indian corn, rice, 
etc. 

3. Family MUSCAJlDINIDAE 

Subfamily PLATACANTHOMYINAE 

15. Platacanthomys lasiurus Blyth 

Habits: Diurnal. Arboreal; lives exclusively in large, old trees in 
which it hollows out little cavities, filling them with leaves and moss. 

Food: Feeds on jack-fruit (Artocarpus) and pepper ; also fond of 
toddy. 

4. Family SCIURIDAE 

16. Petaurista Link 

Habits: Nocturnal. Arboreal; leaping from one tree to another, 
or generally gliding swiftly downwards from the tree top up to a distance 
of 10-80 metres. Usual roosting in a tree-hole or any sheltered place 
among branches. 

Food: Feeding on fruits, nuts, young twigs, shoots, leaves and bark 
of trees, also on insects and their larvae. 

17. Petaurista ma,gnificus Hodgson 

Habits: Lives on high altitude (2000-3000 metres). 

Food: Feeds on acorn, chestnuts and other hard fruits. 

18. Funambulus Lesson 

Habits: Diurnal. Arboreal; lives in forests and near human 
habitation ; swift runners ; making astonishing leaps from one branch to 
another. Makes nests of fibrous matter in branches of trees. 

Food: Feeds on nuts, seeds, fruits, buds, flowers and young bark ; 
()ccasionally on insects. 

19. Marmota Blumenbach 

Habits: Diurnal. Strictly terrestrial ; burrow I11g extensively in the 
ground. Burrows deep and confined to high levels of Himalayas and 
the highlands above 4000 metres. 

Food: Feeds on herbs and roots. 
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5. Family DIPODIDAB 

20. Jacu]us Erxleben 

[VOL. 60, 

Habits: An active leaper and travelling at great speed by hind-limbs 
good burrower; burrows deep; avoids mountainous country. 

Food: In captivity, feeds on wheat, rice, maize, other herbage 
raw potatoes and grains. 

6. Family HYSTRICIDAE 

21. Hystrix Linnaeus 

Habits: Nocturnal. Lives in rocky caves or in extensive burrows on 
hill-sides, banks of rivers and tanks or in old mud walls. Burrows 
often large and deep. Possesses a keen sense of smell; not a fast 
runner ; gnaws its way out through wooden traps. 

Food: Feeds on vegetables, various sorts of roots, bark, garden 
crops (pea and carrot) and fruits like pineapple, jack-fruit, tuberous 
roots, sweet potatoes, etc. ; possesses the curious habit of gnawing dry 
bones, horns and elephant tusks. 

( c) Effect of ecology on skull-structure 

1. General remarks 

Habits and habitats have considerable influence on the external 
structure of animals and, to a lesser extent on the internal parts, 
especially the skeleton. In the latter case, the limb-bones are 
more affected and the skull rather less. Here an attempt has been made 
to correlate ecology with skull-structure in oriental rodents. It appears· 
that in rodents it is the food and the general locomotary habits (e.g., 
arboreal, fossorial and saltatorial) which have mainly influenced skull­
structure. A few earlier accounts about the eco logical effect on the 
structure of rodents are by Dublin (1903), Shimer (1903), Lull (1917), 
Hinton (1926), Winge (1941) Ellerman (1956), Petter (1961) and THak 
(1961-62). 

Rodents generally subsist on two varieties of~ food, viz., (i) nuts, 
grains, seeds, flower-buds and fruits, which they eat by gnawing and 
crushing; and (ii) plant-parts like roots, stems and leaves, which they 
eat by simple cutting and chewing. These two types of food and their 
mode of eating appear to have modified the dentition and skull-muscula­
ture and the latter, in turn, has modified skull-structure. 

F or convenience, changes in skull-structure are dealt with here under 
the following three categories :-

(i) Changes in dentition : (a) Incisors. (b) Molars. 
(ii) Changes due to musculature. 
(iii) Changes due to locomotary habits. 
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2. Changes in dentition 
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INOISORS : The incisors undergo two types of modifications in 
rodents :. First, due to food-habits, and secondly, due to fossorial 
(digging) habits. 

Rodents like Funambulus and Petaurista (Sciuridae), Chiropodomys' 
(Murinae) and Plataeanthomys (Muscardinidae), which subsist on 
hard-shelled nuts and fruits, Tatera, Gerbillus and Meriones (Gerbi-­
llinae), Rattus (several species) and Bandieota (M urinae), which feed 
mainly on seeds and grains, all eat by gnawing. They extract the 
kernel from hard nuts and grains by means of the incisors which have 
become much thicker than wide, and this feature helps in piercing through 
the hard food. Such animals generally have opisthodont (backwardly 
clX'ved) or orthodont (straight) incisors which are better adapted mecha-· 
nically to resist the powerful thrust of the lower incisors by which the 
chief work of gnawing is performed. In Marmota (Sciuridae), Rhizomys 
and Cannomys (Rhizomyidae), Rattus manipulus and Nesokia (Murinae), 
Altieo/a, Pitymys and Ellobius (Microtinae) and Hystrix (Hystricidae), 
which feed mainly on plant parts like roots, stems and leaves, the 
incisors have become slightly broader and chisel-shaped. Incisors of 
this type are better adapted for cutting the soft part of plants than for 
gnawing seeds. Here the cutting edges are sharp and brought into 
greater play_ 

In cases where the incisors assist in digging, they become proodont 
(directed forward) as compared to orthodont and opisthodont incisors 
in the arboreal and the ground-dwelling forms. This feature is seen to a 
certain extent (Text-fig. 10) in Marmota (Sciuridae), Rattus manipulus,. 
Bandieota bengalensis, Nesokia and Pitymys and is much more pronoun­
ced in Rhizomys cinereus, Cannomys, Hystrix, Ellobius, etc. In fassorial 
forms like Rhizomys pruinosus, Nesokia indica, Altieola, and Atherurus, 
though the incisors are orthodont the premaxillae are protruded anter­
iorly and probably serve the same purpose as proodont incisors thougn to 
a lesser extent. Since the work falls more on the proodont incisors 
during digging, they are liable to undergo rapid attrition. To repair this 
damage, their pulps have become more active and deep-rooted, so much. 
so that in extreme cases like Cannomys (Rhizomyidae) and Ellobius 
(Microtinae) the roots have become extended posteriorly upto the second 
upper molars whereas normally they end anterior to the molars. 

Consequently, the lower incisors have also become long and deep.· 
rooted ; the root extending posteriorly and becoming projected in the 
form of a prominent knob beside the condylar process (Text-fig. 8). 
This is less so in Rattus manipulus, 'Bandieota and Rhizomys and more so 
in Nesokia, Cannomys and Ellobius-in Cannomys the knob reaches the­
height of the condylar process. In Hystrix, although the incisor-roots 
are deep and posteriorly reach the condylar process, they do not form any 
outward projection due to the outward distortion of the angular portion of' 
the mandible. 

MOLARS: It is easier to crush the kernel of nuts and seeds, flowers,. 
and fruits than to chew the bark of trees, roots, stems and leaves. In 
the former case mere pressure between the tooth-rows accompanied' 
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by oblique motion is sufficient for the reduction of food. The brachyo­
dont (low-crowned), tuberculate and rooted molars are best adapted for 
this purpose. 

Chewing coarse food makes considerable and ever increasing demands 
upon the molars, and the old, normal method of mastication had slowly 
to be changed. Simple crushing no longer suffices for the reduction of 
food and is gradually replaced by shearing and slicing. Low-crowned, 
tuberculate teeth which are admirably adapted for the first use (crushing), 
had to be transformed into tall-crowned (hypsodont) structures fitted 
for the new purpose. Mere pressure between the tooth-rows, accom­
panied by a transverse and oblique motion of the lower jaw, had to be 
replaced by a powerful gliding stroke from behind forwards. In some 
forms such as Rhizomys, Cannomys (Rhizomyidae), Hystrix (Hystricidae), 
,etc., the uneven surfaces of the primitive tuberculate teeth in the upper 
.and lower molars, have become' flat due to the reduction of the main 
tubercles and are overlaid with transverse folds. In other forms such 
.as Meriones (Gerbillinae) and the subfamily Microtinae, they are replaced 
by a.series of cutting blades (laminae or prisms) which shear with eacli 
other effectively as the lower jaw is pulled forwards and upwards. Step' 
by step as the food has increased in harshness, the rate at which the subs­
tance of the teeth is wasted by attrition beoomes more rapid. In com­
pensation, the crowns of the teeth become progressively taller (hypsodont) 
their dentinal pulps and enamel organs more vigorous and more conti­
nually active, until at last in the highest forms the molars, like the incisors, 
have acquired the power of persistent growth. 

In Funambulus and Petaurista (Sciuridae), Chiropodomys and Rattus 
(Murinae), and Cricetulus and Calomyscus (Cricetinae), the molars are 
brachyodont, rooted, and cuspidate, and are best adapted for crushing 
grains and seeds. In Platacanthomys (Muscardinidae), which subsists 
-on soft diet of fruits, etc., the molars are brachyodont and flat-crowned. 
In Tatera and Gerbillus (Gerbillinae) and Bandicota (murinae), the molars 
have slightly taller crowns and the cusps soon fuse to form transverse 
laminae. In Rhizomys and Cannomys (Rhizomyidae) the molars are 
slightly hypsodont and rooted. But since these forms subsist on coarse 
plant parts, the crown surface has become flat and is overlaid with trans­
verse folds which gradually wear away with age. In Nesokia (Murinae), 
Meriones (Gerbillinae), Alticola and Pitymys (Microtinae), Atherurus 
and Hystrix (Hystricidae), which mainly subsist on roots, stems, leaves, 
etc., the molars have become hypsodont. In Atherurus and Hystrix 
they are flat-crowned, having transverse folds over the surface; in Nesokia 
and M eriones the crown surfaces are laminate, and in Alticola and Pitymys, 
they are prismatic. In the last two genera the molars have acquired the 
power of persistent growth. 

As an adaptation to the greater need of surface for mastication, the 
cheektooth rows have increased in length in Marmota (22-25 per cent of 
the occipitonasal length), Nesokia (18-22 per cent), Cannomys (20-25 per 
cent), Pitymys (22-25 per cent), Hystrix (20-23 per cent), etc., as compared 
to Platacanthomys, Funambulus, Chiropodomys, Rattu.s, Atherurus, etc., 
(under 20 per cent of o. N. L.) which eat their food mainly by gnawing, 
and thus require less mastication. 
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. Changes in skull due to hypsodont (tall-crowned) molars: The increased 
heIght of the molar crowns have necessarily led to the enlargement of 
the alveolar capsules in which the teeth are developed and supported .. 
In Meriones and Nesokia the alveolar capsules are slightly enlarged and 
the portion of maxillae supporting the teeth have become stout. In 
Rhizomys, Cannomys, Alticola, Pitymys and Hystrix, the alveolar capsules, 
are much swollen and, in the upper jaw, rise up in the floor of the orbit 
so that the optic formaina, etc., are much reduced. In the Microtines, 
the median ~uture between the maxillae and palatine bones has dis-­
appeared. 

3. Changes due to musculature 

iThe first Rodents probably subsisted on the kernel of hard-shelled' 
seeds or nuts. The nuts would be too large to be cracked by the cheek­
teeth, and this difficulty probably induced the habit of gnawing which 
modified the masticatory muscles and the incisors. F or gnawing, the·· 
incisors must be driven with great force so as to enable the lower incisors 
to act against the upper. During this process the most effective muscles. 
will be those which will be nearest to the incisors and which raise the 
lower jaw and move it forward and backward-i.e., the masseter, the· 
temporalis and the digaster muscles. 

The masseter is divi~ible into two main layers, viz., a superficial layer and' 
a deep layer. In the Eocene Sciuromorph, Paramys (Matthew, 1910 ; 
Romer, 1945) the origin of the masseter is wholly behind the infraorbital 
foramen and confined over the zygomatic arch. During the course· 
of evolution the masseter has become more and more horizontal in 
position. It has extended its origin forward from the zygomatic arch to 
the region in and around the infraorbital foramen so as to gain a strong 
attachment on the side of the muzzle in advance of the orbit, thus giving 
increased leverage to the incisors ; and posteriorly extending its area of 
insertion on the lower jaw upto the tip of angular process. This change: 
has resulted in the forward and backward movement of the mandible. 

The temporalis muscle which is less useful in gnawing, receeds to 
the lateral wall of the cranium. It is secondarily developed in rodents 
whose masticatory habit is well developed. The digaster, which ofigi-. 
nates from the paroccipital process of the skull, anteriorly shifts its 
attachment from the middle of the lower edge of the mandible (in Funam­
bulus) to its anterior symphysis (in voles). Thus, by becoming more· 
horizontal it helps in the forward and backward movement of the man­
dible. In fo~orial rodents the muscles over the occiput, which are 
responsible for the movement of the head, are fairly well developed. 

Such is the course of evolution of the masticatory muscles in oriental 
rodents. Out of these, the masseter and the temporalis are the principa}' 
muscles which mould skull-structure, and they are, therefore, dealt 
with below in some detail. 

THE MASSETER: (1) Changes due to gnawing :-The anterior' 
extension of the masseter has been brought about differently in the. 
three principal groups of rodents, as discussed below. 
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In the family Sciuridae the superficial layer of the masseter is extended 
forward on the outer side of the maxilla above the infraorbital foramen, 
and the deeper portion remains confined to the zygomatic arch so that no 
portion of the masseter passes through the foramen. The result is that 
the latter is very small and only transmits the infraorbital nerve. 

In the Hystricidae the anterior deep part of the masseter which is 
fairly well developed, passes through the infraorbital foramen. It 
.expands the foramen strongly, in form of a canal, forces the lower 
maxillary root of the zygomatic arch ventral to the foramen and the 
anterior edge of the orbit backwards, thereby shortening the orbito­
temporal fossa. The superficial part of the masseter is attached over the 
lower maxillary root. 

In the superfamily Muroidea the superficial layer of the masseter is 
-extended over the zygomatic plate, and the deep layer passes through the 
infraorbital foramen, which becomes wide in form of a canal. In the 
family Rhizomyidae the anterior deep portion of the masseter passes 
through the infraorbital foramen and gets itself attached over the rostrum, 
but the foramen itself is situated above the zygomatic plate. This is, 
probably, due to the better development of the masseter on the upper 
jaw, externally and in front of the infraorbital foramen. This condition 
presses the lower outer wall of the foramen towards the inner, the two 
fusing together and thus displacing it upward. In the Platacanthomyi­
nae (Muscardinidae) and the Muridae the masseter is strong. The super­
ficial portion of it is clearly separated from the deep portion. The latter 
passes through the infraorbital foramen and gets itself attached over the 
rostrum. The upper portion of the foramen transmits the muscle and 
the lower portion the infraorbital nerve. Consequently, the upper 
portion is wider than the lower. Due to the pressure caused by the 
anterior deep masseter, the inner wall of the foramen has become thin. 

Since the masseter is particularly strong anteriorly, it causes the 
zygomatic arch to become strongly built in front. Furthermore, since 
the most powerful parts of the masseter originate on the zygomatic 
process of the maxilla, the latter shows a greater tendency to increase 
than the jugal bone and forms a large part of the zygomatic arch. The 
jugal is pressed back, loses its former connection with the lacrymal (in 
Scibridae) and becomes restricted to the posterior two-third portion of 
·the zygomatic arch. To provide space for the attachment of the fairly 
well developed posterior superficial masseter in the anterior region, 
the lower maxillary root of the zygomatic arch projects anteriorly in the 
form of a zygomatic plate on either side of the rostrum. 

Within the family Muridae, the murines (Murinae) such as Rattus 
Bandicota and Nesokia and the gerbils (Gerbillinae) generally feed on a 
mixed diet of grains and other vegetable substances, but prefer the former ; 
whereas voles (microtinae) feed exclusively on roots, stems, leaves, etc. 
To bite off the green part of plants requires less effort than to gnaw 
through the shells of nuts and grains. Therefore, the muscles responsible 
for gnawing, i.e., the anterior portion of the masseter, which anteriorly 
occupy the external and internal surfaces of the infraorbital canal, 
are better developed in the murines and the gerbils and relatively less 
developed in the voles. The result is that. in Rattus, Bandicota and 
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Nesokia (Murinae), and Tatera, Gerbil/us and Meriones (Gerbillinae) 
the zygomatic plate is much more projected anteriorly than in the voles 
(Microtinae) . 

(ii) Changes due to mastication :-It is easier to crush the grains and 
kernel of seeds than to chew herbs and shrubs. The result is that the 
muscles which are helpful in mastication (such as the posterior portion 
of masseter and the temporalis) are less developed in the former than in 
the latter. 

In Funambulus and [etaurista (Sciuridae), Plataeanthomys (Muscar ... 
dinidae), Chiropodomys and Rattus (Murinae), Tatera and Gerbillus 
(Gerbillinae), the posterior portion of the masseter is relatively less 
developed as they have to do less chewing work. Thereby, the zygomatic 
arch is less stout and the masseteric crest of the mandible feebly 
developed (also vide Pratt, 1943). In Bandieota and Nesokia (Murinae) 
and Meriones (Gerbillinae) which feed both on grains and coarse 
vegetable substances, the posterior portion of the masseter is moderately 
developed. In Marmota (Sciuridae), Rhizomys and Cannomys (Rhizo­
myidae) and the Microtines, the muscles are fairly well developed as 
they have to do more mastication work (these forms take in coarse 
substances like roots, stems and leaves). In consequence of this, the 
zygomatic arch is stout and the masseteric crest over the mandible promi­
nent. In some cases, as in Marmota, the muscles leave a prominent scar 
on the zygomatic arch. 

THE 'TEMPORALIS: In Punambulus and Pataurista (Sciuridae), 
Platacanthomys (Muscardinidae), Rattus (Murinae), Calomyscus (Crice­
tinae), Tatera, Gerbillus and Meriones (Gerhillinae) and Jaculus (Dipodi­
dae) the temporalis muscle, which is less effective in gnawing and here 
little used for mastication, is reduced to a posifion on the lateral side of 
the cranium. Its point of insertion, the coronoid process of the mandi­
ble, is reduced likewise. In Marmota (Sciuridae), Bandicota and 
Nesokia (Murinae), Hystrix (Hystricidae), Allieola, Pitymus and Ellobius 
(Microtinae), Rhlzomys and Cannomys (Rhizomyidae), the temporalis 
is fairly well developed in adaptation to the greater need for mastication 
and to certain extent due to fossorial habit. It is relatively less developed 
in Bandicota and Nesokia where it slightly ascends dorsally over the 
parietals, more developed in Marmota, Rhizomys and Hystrix where it 
meets with the fellow of the opposite side over the parietals, and most 
in Cannomys and Ellobius where this fusion extends forward upto the 
posterior half of the frontals. The temporal ridges, which give origin to 
the temporal muscles, likewise fuse to form the sagittal crest. In Alticola 
and Pitymys (Microtinae) the muscles are more developed anteriorly than 
posteriorly so that the temporal ridges form a median interorbital crest 
in the latter genus. 

The squamosal bone, which gives origin to the greater part of the 
temporalis muscle, increases in size. Anteriorly it expands over the 
frontals and posteriorly it grows at the expence of the parietals and the 
interparietal, which, in their turn, become greatly reduced at the sides 
(Text ... fig. 9), so much so that in Rhizomys, Cannomys (Pis. 34 & 36) and 
Ellobius the interparietal does not exist at all in the adult. In Bandieota 
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and N esokia (M urinae) and Cricetulus (Cricetinae) though the interparietal 
is present, it is reduced at the sides. In Alticola and Pitymys (MicrotinaeJ 
the squamosals posteriorly press the lateral extension of parietals and come 
in direct contact with the interparietal. In the Microtines the squamosal&. 
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TEXT-FIG. 8.-0uter side-view of posterior portion of left ramus of mandible of Oriental. 
rodents showing lower incisor-root in arboreal and fossorial forms. 

(a). Chiropodomys gliroides. (Muridae: Murinae.) (Arboreal.) 
(b). Rattus rattus arboreus. (Muridae: Murinae.) (Terrestrial.) 
(c). Rattus manipu/us manipu/us. (Muridae: Murinae.) (Moderately fossorial.} 
(d). Nesokia indica huttoni. (Muridae: Murinae.) (Fossorial.) 
(e). Pitymys sikimensis. (Muridae : Microtinae.) (Moderately fossoriaL) 
(f). Rhizomys pruinosus. (Rhizomyidae.) (Moderately fossoria1.) 
(g). Ellobius fuscocapillus. (Mllridae : Microtinae.) (Fo8sorial.) 
(h). Cannomys badius badius. (Rhizomyidae.) (Fossorial.) 
ang., angular process; cond., condylar process; cor. coronoid process; ml .. ,. 

first lower molar; ri., root of lower incisor. 
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anteriorly develop peg-like projections for the attachment of the tempo­
~alis muscle. The point of insertion of the muscle, i.e., the coronoid 
process of the mandible, also becomes fairly well developed (Text-fig. 8) 
-and stout (In this connection, also vide Washburn, 1947). Further, the 
muscle expands its point of insertion in the space between the cheek-teeth 
and the coronoid process. In Hystrix the coronoid process is small 
but stout. 

The temporalis muscles have made room for themselves in the orbito­
temporal fossa by driving the posterior portion of the zygomatic arches 
,outwards and, wherever possible, by driving the eyes more forward. 
In arboreal squirrels, since the eyes are large and posteriorly guarded by 
the postorbital processes, the moderately developed temporalis muscles 
have made accommodation in the orbito-temporal fossa by pushing th6 
zygomatic arches outwards (as in the forms where the muscles are 
fairly developed)-to a greater extent in Petaurista (Zygomatic width 
64-69 per cent of O.N.L~) and to a lesser extent in Funambulus (zygomatic 
width 53-59 per cent). In the Hystricidae, since the orbito-temporal 
fossa is smaller, the temporalis muscle has made its way by slightly 
pressing the eye forward and making a temporal groove over the squa­
mosal. In the Rhizomydae, the Microtinae, and the genera Nesokia 
(Murinae) and the Marmota. (Sciuridae), the highly developed temporalis 
muscle widens the temporal fossa by forcing the zygomatic arch more 
outwards (Zygomatic width in Marmota 60-64 per cent, Nesokia 63-
69 per cent, Rhizomys 74-88 per cent, Cannomys 76-87 per cent, 
Pitymys 58-67 per cent and Ellobius 79 per cent of O. N. L.) and by 
compressing, the eye forward. The latter, being of less importance in 
fossorial forms, becomes reduced in size due to the combined pressure 
caused by the anterior deep masseter from the ventral side and the tern­
poralis from the posterior, against the zygomatic process of the maxilla. 
The sub conical shape of skulls in fossorial forms is due to the greater 
width of the zygomatic arches at the posterior end than at the anterior. 
This, in turn, is due to the smaller eyes at the anterior end and the fairly 
well developed temporalis muscles at the posterior, which push the 
zygomatic arches outward.· 

4. Changes in skull due to locomotory habits 

Rodents have commonly adapted themselves to three conditions of 
locomotory life, viz., (i) arboreal and volant (climbing and flying); 
(ti) fossorial (digging) ; and (iii) saltatorial (jumping). 

ARBOREAL AND VOLANT ADAPTATIONS: The members of the 
family Sciuridae (Funambulus, etc.), a few murids like Chirbpodomys 
and Vandeleuria (Muridae) and Platacanthomys (platacanthomyinae) 
are arboreal in habit and have modified themselves for climbing. Loco­
motion on the trees requires great agility and muscular co-ordination, 
which, in turn, demands the corresponding development of the brain. 
For active moveme~t and for protection from enemies, good eye sight is 
essential. In consequence, such forms have developed large eyes and 
show considerable development of the brain, especially the cerebellar 
and optic portions. With the increase in vision there is a corresponding 
,decrease in the sense of smell. 

2 Z81/63 8 
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In the skulls large eyes and the temporal muscles have made room for 
them.selves in the orbito .. temporal fossa by pushing the zygomatic arches 
slightly outwards. Eyes may not be deflected from their position during 
climbing, and for this purpose the postorbital process in squirrels arc 
developed from the frontals to support the . large eyes from the posterior­
side. The arboreal murids seems to be not much adapted to that habit, 
and that is why the post orbital processes are not developed. To accom­
modate the large brain, the parietals have become slightly broader and 
higher, thereby increasing the capacity of the cranium (Table 36). 

Petaurista has undergone a step farther and has adapted. itself to 
vol~nt life for which it has acquired a flying membrane or patagium. In 
the- skull this adaptation is exhibited by a partial or complete fusion of 
bones (the sutures between the frontals, the parietals and the interparietal~ 
and those between the basioccipital and the basisphenoid disappear) 
which gives greater regidity to the skull. The large, crepuscular eyes hav~ 
made room for themselves by enlarging the orbits (Table 37), which, in 
turn, causes the flaring of the lateral edges of the frontal bones, thus 
producing prominent interorbital depression. Furthermore, the eyes 
have pressed the anterior portion of. the jugal bones (lower margin of 
the orbit) slightly outwards so that this portion. has become slightly 
circular. The eyes, here, are better protected and supported posteriorly. 
than in Funambulus, by large postorbital processes arising from the 
frontals and corresponding processes from the jugal bones. The cranium 
Is enlarged as in the other arboreal forms to accommodate the~ large­
brain (Table 36). 

Since the squirrels live on trees having enough food all round, and 
the. eyes are large enough to see it easily, the sense of smell is pO,orly 
developed. Thereby the nasal cavity, and consequently the nasals~ 
are reduced in length (under one-third of the occipitonasal length) as. 
c~mpared to the grou~d-dwelling forms (over one-third of O. N. L.). 

FOSS()RIAL ADAPTATIONS: Marmota (Sciuridae), Rhizomys and 
Cannomys (Rhizomydiae), Hystrix (Hystricidae), Cricetulus (Cricetinae),. 
Bandicota and Nesokia (Murinae), Alticola, Pitymys and Ellobius (Micro-· 
tinae) are forms which are adapted to the fossorial mode of life. The 
degree of adaptation and the change of structure depends upon the degree­
to which the skull plays a role in the process of digging al:ld the range 
of the period of fossorial life. Fossorial specialization had led to the 
reduction of eyes and external ears, the former through disuse and . the 
la~t8r due to hinderance in burrowing; and to th~ shortening of the 
limbs and the tail,. etc., the limb becoming, powerfully clawed. Since t~e 
eyes· are small, there is consequent development of the acuteness in th~, 
p'Qwer of hearing ... 

To enable the incisors to be used underground for cutting roots, 
picking, up seeds of gra$ses and for digging, these teeth have become.. 
proo ~ont (forwardly directed) and mgre independent of the oral cavity 
aD"~ the snout. Thus, the mouth .. cavity is more efficiently protected 
from the incoming earth and the n()strils from friction against the g~ound. 
The root of the incisors are extended further back into the jaws, a~ectin& 
mQ,re and more the shape of the surrounding bones. The lowe~ inci~rs '\ 
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also become deep-rooted and project, in the form of a knob, beside the 
condylar process (Text-fig. 8). 

To give support to proodont incisors, the premaxillae have become 
longer (Table 38 ; and Text-fig. 10). They become protruded anteriorly 
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TEXT .. FIG. 9.-Dorsal view of posterior portion of skulls of Orienfal rodents, sho"ing 
the anterior shifting· of· interparietal bone from arboreal to Cossorial forms. 
(0). Chiropodomys gliroides. (Murinae': Muridae.) (Arboreal.) 
(b). Rattus rattus arboreus. (Muridae: Murinae.) (Terrestrial.) 
(c). RattUs manipu/us manipu/us. (Muridae: Murinae.) (Moderately fos~"rl.I.} 
(d). Nesokia indica huttoni. (Muridae: Murinae.) (Fossorial.) 
(e). Altieola· roylei roylei. (Muridae: M·icrotinae.) (Moderately foss~ri.l.) 
(f). Cannomys bad ius badius. (Rhizomyidae.) (Fossorial.) 
ip., interparietal; par., parietal; soc., supraoccipital; Iq~, IquamOial. 

SA 



224 Records of the India'; Museum [VOL. 60, 

il.----------
a e 

TE.'1:T-J'IG. lO.-Lateral view of anterior portion of skulls of Oriental rodents, show-
ing the forward projection of incisors from arboreal to fossoriaI forms. 

(a). Vandeleuria oleracea. (Muridae: Murinae.) (Arborea1.) 
(b). Ratius rattus arboreus. (Muridae: Murinae.) (Terrestrial.) 
(c). Rattus manipuius manipulus. (Muridae: Murinae.) (Moderately fossoria1.) 
(d). Bandicota bengaiensis kok. (Muridae : Murinae.) (Fossorial.) 
(e). Funambulus pennanti. (Sciuridae) (Arborea1.) 
(f). Marmota bobak himalayana. (Sciuridae.) (Moderately fossoria!.) 
(I). Cannomys badius bad ius. (Rhizomyidae.) (FossoriaI.) 
(It). Ellobius /uscoeapillui. (Muridae: Microtinae.) (Fossorial.) 
(it)., upper incisor; iDe., infraorbital canal; max., maxilla; nas., nasal: JlIIIX • 

• remaxilla zyg. p~ t zygomatic plate. 
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upto the tip of the nasals in M armota ; slightly anterior to it in Bandicota 
and Nesokia (Murinae) ; and more s.o in Rhizomys, Cannomys, Ellobius, 
etc. With the increase in length .of the premaxillae, the condylobasal 
length, the diastema and the palatal length are also increased. The 
result is that the condylobasal length, here, equals or exceeds the 
occipitonasal length as compared to the arb.oreal forms where the 
occipitonasallength exceeds the condylobasal length. 

The anterior palatine foramina, which are long in the moderately 
fossorial r.odents like Rattus manipulus (17-20 per cent of O. N. L.), 
Bandicota indica (16-20 per cent) and Pitymys (14-20 per cent) arc 
reduced in the highly fossorial genera like Nesokia (9-13 per cent), 
Cannomys (6-12 per cent) and Ellobius (9 per cent, Ellerman, 1961). 
This reduction seems to be due t.o the pressure caused by the root of the 
upper incisors at the posterior end of the foramina. The transformati.on 
is clearly seen in Text-fig .. 11. The foramina are equally broad at both 
ends in Bandicota indica, the posterior end has become fairly narrow in 
Bandicota bengalensis and is reduced from the posterior side in Nesokia. 
The gradual reduction is also seen from Pityms to Ellobius. This reduc­
ti.on may also be helpful in making the palatal portion stouter so as to 
support the long incisors. 

e 

• 

d e , 
TIXT-l"IG. I I.-Ventral view of anterior portion of skulls of Oriental r')dents, showing 

the reduction in size of the anterior palatine foramina from moderately to 
highly fossorial forms. 

{tI). Bandicota indica indi(,.l~ Muridae: Murinae.) (Mode~~ely fosaori,).) 
(b). Bandicota bengaiensis kok. (Muridae: Murinae.) (Fossonal.) 
(c). Nesokia indica huttoni. (Muridae: Murinae.) (FossoIjaI.) 
(11). Pitymys sikimensis. (Muridae: Microtinae.) (Moderately fossorial.) 
(e). Hyperacrius wynnei. (Muridae: Microtinae.) (Fossorial.) 
(f). Ellobius fuscocapillus. (Muridae: Microtinae.) (Fossoria!. i 

"pl., anterior palatine foramina; i., upper incisor ; mi., first UIper molar ; '1II~ 
premaxilla. 
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The -rostrum has become dorso-ventrally as well as lat~rally com­
pressed, so that it is so~e~ha~ more pointed than in the arbo~eal forms, 
and this feature helps In dIggIng. The skull has become flattened and 
the'occiput slopes forward due to the effect of using the head as a shovel. 
The sloping of the occiput provides more surface (Table 41) for the 
attachment of the muscles which move the head during digging. Where 
these muscles and the temporalis (responsible for mastication) are fairly 
well developed, as in Marmota, Rhizomys and Cannomys, there is formed 
a prominent lambdoidal crest. 

Since the occiput is slanting anteriorly, the interparietal (which, 
in the arboreal and the ground dwelling forms like Chiropodomys, Rattus 
rattus arboreus (Murinae) and Platacanthomys, is situated behind a line 
joining the posterior extremity of the squamosals) comes to the anterior 
to it in the fossorial forms (Text-fig. 9) like Bandicota and Nesokia 
(Murinae), Alticola and Pitymys (Microtinae) and Cricetulus (Cricetinae). 
An intermediate condition is seen in Rattus manipulus where the inter­
parietal is compressed and pushed anteriorly and nearly two-thirds 
portion of it has shifted anterior ,to the occiput. The interparietal 
disappears in Rhizomys, Cannomys (PIs. 34-36) and Ellobius, due to the 
joint pressure caused by the occiput from the posterior end and the 
temporalis muscles laterally. 

Corresponding to the need for increased acuteness in the perception 
of the sound, the tympanic bullae become large and inflated. Such 
bullae probably help in resonating the sound vibrations. The bullae 
are small in the moderately fossorial forms like Rattus manipulus 
(14-15 per cent of O.N.L.), Bandicota indica (15-20 per cent) and 
Rhizomys (17-22 per cent) ; and larger in the highly fossorial genera 
like Nesokia (19-22 per cent), Bandicota bengalensis (20-24 per 
cent), Cannomys (21- 27 per cent), Alticola (22-25 per cent) and 
Pitymys (22-30 per cent of O.N.L.). 

The strong movements of the mandibular articulation during digging 
and chewing operations make the condylar process of the mandible 
press forcibly against the external meatus of the tympanic bone, thus 
modifying it and causing it to beconle spout ... 1ike and project slightly 
backward as in Rhizomys and Cannomys (PIs. 34--36). x 

In fossorial rodents there is a decrease in the length of nasals from 
less to highly fossorial forms, viz., Marmota (41-43 per cent ofO.N.L.), 
Rattus manipulus (38-42 per cent), Rhizomys pruinosus (36-41 per cent, 
mean, 39·2 per cent), Bandicota indica (33-41 per cent), Cannomys (34-
39 per cent, mean 36-1 per cent), Bandicota bengalensis (28-34 per cent), 
Nesokia (25--32 per cent) and Microtines (under one ... third of O.N.L.). 
It is difficult to offer any definite explanation for this tendency, but it 
seems to be an adaptation to digging habit, as anteriorly projected 
nasals will be a hinderance in burrowing and long nasals .may have 
more chances of breakage than short ones. Hystr;x (nasal length over 
50 per cent of O.N.L.) is an exception. 

Saltatorial and D.esert Adaptations.-Deserts are characterized by Oipen 
sandy areas and by scarcity of :vegetation. To overcome these diffi­
cultie~. the smaller mammals of tbose areas, like Tatera; Mel'iones 
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.and Gerbil/us (Gerbillinae) and laculus (Dipodidae), have acquired the 
leaping habit, acute power of vision and of sound perception, and the 
burrowing habit. This has resulted in the hindfoot becoming longer, 
the eyes and ears more developed, and both the limbs powerfully clawed. 
Although gerbils are both fossorial and saltatorial in habit, the former 
habit has the least effect on the form and structure of the skull since 
gerbils mainly dig by means of both pairs of limbs and not with the 
$nout. 

In the skull the saltatorial habit is reflected in the long and narrow 
rostrum which helps in quick progression during leaping. The tympanic 
bullae and the mastoids have become unusually large and inflated, 
~vidently for better detection of sound in the open desert. As mentioned 
above, the inflated bullae probably acts as resonators and amplifiers of 
.sound vibrations; in addition, they may also be an aid in balancing 
·while in active leap. The bullae (Table 39) are smallest in Tatero. 
:slightly more developed in Gerbillus, Meriones hurrianae, M. periscus 
and loculus, and reach their maximum size in Meriones swinhoe and 
M. erythrourus. In the last two species the bullae and the external 
.auditory meatus are so large and inflated that anteriorly they touch the 
zygomatic process of the squamosals and laterally they are extended 
more than the zygomatic arches, thus resulting in the maximum width 
cOf the skull. 

The size and inflation of tympanic bullae se(ms to be correlated 
with desert conditions (Table 40). In Tatera indica (Gerbil1in2e), 
which is distributed throughout India (except Assam), Ceylon, Paldstan 
and Iran, there is a continuous decrease in tte size of the bul1ae trom 
Baluchistan (the desert region) eastward and southward (the non­
-desert regions). The same is true of Gerbillus. In G. nanus (Baluchi­
stan) the bullae are slightly larger (30'5-32·8 per cent, mean 32·9 per 
·cent, of O.N.L.) than in G. indus (Sind) (30·0-. 31·6 per cent, mean 30·7 
per cent, of O.N.L.). 

The mastoid is also inflated into an enormous structure. The 
inflation of the mastoids is less marked in Tatera, M eriones hurrianae 
and M. persicus, slightly more in Gerbil/us (but they still do not project 
behind the occiput), and reaches its maximum in M el'iones erythrourus. 
M. swinhoe and laculusjaculus where they are inflated into an enormous 
rounded chamber which extends laterally and posteriorly beyond the 
<>cciput. 

The changes in the tympanic bullae and mastoids produce changes 
in the surrounding bones. The'large size of the bullae has resulted 
in the l:larr9wing of the basioccipital and the basisphenoid. ~beappr­
..()ximation of it anteriorly causes the reduction of the pterygoId fossae. 
Laterally the squamosals are pressed (reduced) and shifted dQr­
'Sally, thereby causing slight reduction of the interparietal. Tile 
-extent of reduction or narrowing of the bones depends upon the extent 
.of enlargement of the tympanic bullae and the mastoids-it is least in 
Tatera and at its maximum in Meriones swinhoe and M. erythroulu .. ~ 
(Plates 13, 20 and 21). 
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As earlier discussed, since the temporalis muscles are reduced: in 
size, it provides more space to the enlarged eyes in the orblto­
temporal fossa. Furthermore, in Meriones hurrianae (zygomatic width 
55-61 per cent of O.N.L.), these organs (muscles and eyes) have made 
room by slightly pushing the zygomatic arches outwards. In Jaculus 
jaculus (Dipodidjle) the anterior deep masseter muscle, which is parti­
cularly strong anteriorly, presses the large eyes posteriorly upon the 
lateral wall of the cranium which becomes membranaceous and conforms. 
to the shape of the eyes. The zygomatic arches are pressed ventrally 
so as to provide more space to the enlarged eyes and to support them 
from the ventral side. 

V-SUMMARY 

1. This paper .deals with the morphological structure of tl~e skulls 
of 20 genera and 61 species and subspecies of rodents belonging to the 
following six families :-Muridae, Rbizcmyidae, Muscardinidae,. 
Sciuridae, Dipodidae and Hystricidae. All the species except two 
namely, Jaculus jaculus Linn. (family Dipodidae) and Atherurus aft iCCTtu& 

Gray (family Hystricidae), belong to the oriental region. 

2. The skull, including the mandible, of one species of each genus is 
described in detail and the rest are relatively described. The descrip­
tion includes measurements, the morphological structure, skull fcr2mina, 
etc., and is supported by illustrations. 

3. The specific and sub specific differences in skulls have been pointed 
out, as far as possible. Keys for differentiating them have been given 
where such keys are either not available or differ. materially from those 
given by earlier authors, particularly Ellerman (f947a,b). 

4. The intra-subspecific variations, sexual variations and size correla­
tions in skulls have been studied wherever possible. 

5. Tentative keys for the identification of superfamilies, families,. 
subfamilies, 20 genera and 60 species and sUbspecies of Oriental rcdents 
based on mandible characters, are given. 

6. The effect of ecology on the skull-structure of rodents is discussed.· 

7. The skull-structure is mainly influenced by food and locomotary 
habits (arboreal, fossorial and saltatorial). Food has modified the­
d:ntition and the skull-musculature, and the latter, in turn, has effected 
the skull-structure. 

I. The incisors are thicker than wide in forms which feed on grains 
They are broad and chisel shaped in herbivores for cutting the soft part 
of plants. To assist in digging the incisors become forwardly projected 
and deep-rooted. The lower incisor-root projects posteriorly in the 
form of a knob. 

9. Normally, the molars are low-crowned, tuberculate and rooted 
and are best adapted for crushing the kernal of seeds and soft fruits. 
But in forms which chew the coarse vegetable substances, the molars 
have become taU-crowned, prismatic and have acquired the power of 
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persistent growth. The increased height of molar crowns has led to 
the enlargement of alveolar capsules and the strengthening of the 
maxillae. 

10. In adaptation to the gnawing habit the masseter muscle has 
become more and more horizontal in direction for the forward and 
backward movement of the mandible. It has shifted its point of insertion 
anteriorly from the zygomatic arch to the portion in and around the 
infraorbital foramen. This shifting has taken place differently in the 
three major groups of rodents, viz., Sciuromorpha, Hystricomorpha and 
Myomorpha, and likewise effected the shape of the infraorbital foramen 
and the surrounding bones. In Hystricomorpha and Myomorpha, 
where a portion of masseter passes through the infraorbital foramen, 
the latter becomes wide and takes the form of a canal. In the super­
family Muroidea, due to the strong development of the masseter over 
the zygomatic process of maxilla, the latter increases more than the 
jugal and forms a large part of the zygomatic arch. The jugal loses its 
connection with the lacrymals. 

11. In forn1s where heavy mastication is required, the masseter and 
the temporalis muscles are fairly well developed. Consequently, the 
zygomatic arches become stout and the masseteric crest over the mandible 
becomes prominent. The temporal ridges ascend dorsally over the 
parietals and the frontals to form the sagittal crest. The squamosals, 
which provide the surface of attachment to the major portion of the 
temporalis muscles grow more at the expense of parieta]s and inter­
parietal which in their turn, get reduced in size. The muscles have 
made room in the orbito-temporal fossa by driving the zygomatic arches· 
outwards and compressing the eyes forward. The latter, being of less 
importance in the fossorial forms, become reduced. The point of 
insertion of the muscle, i.e., the coronoid process of the mandible~ 
becomes fairly well developed. 

12. The arboreal rodents have developed prominent eyes and a 
large brain and have, in turn, enlarged the orbits and the cranium. The 
bones of the skull are fused to give greater rigidity. 

13. In the fossorial forms incisors become projected forward for 
digging. The premaxillae become longer and protruded anteriorly to 
support the incisors. The rostrum becomes pointed and the anterior 
palatine foramina are reduced. The diastema, palate and condylobasa 
lengths increase. The occiput slopes forward and the interparietal is. 
shifted anteriorly, to provide more surface for the attachment of muscles­
which move the head during diggin~. The tympanic bullae becom.e 
inflated and large for acute perception of sound. The external auditory 
meatus becomes spout-like and backwardly projected. 

14. The desert rodents have developed leaping habits and acute 
power of vision and sound perception. In the skull it is reflected by 
the long and pointed rostrum which helps in quick progression. The 
tympanic bullae and the mastoids become inflated for acute perception 
of sound. The inflation is also correlated with the desert condition .. 
The enlargement of these have caused the reduction of the surrounding 
bones. The enlarged eyes are accommodated in the orbito .. temporal 
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fossa due to the reduction of temporalis muscles, and further by slightly 
pushing the zygomatic arches outwards, and in some forms downwards. 
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VII-ABBREVIATIONS USED IN PLATES 

(leI, anterior ethmoid foramen. 

ale., alisphenoid canal. 

(ll/., anterior lacerated foramen. 

a[s., aUsphenoid. 

a"g., angular process of mandible. 

ang. f, fenestra in angular process. 

ao., auditory orifice. 

tlP/., anterior palatine foramen. 

as. jug., ascending portion of jugal. 

boc., basioccipital. 

bsph., basisphenoid. 

bul., tympanic bullae. 

c/., condylar foramen. 

ond., condylar process of mandible. 

~or., coronoid process of mandible. 

Ip., foramen )acerum posterius. 

1m., foramen magnum. 
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.10., foramen ovale. 
pv., foramen for palatine vein • 
. fr., frontal. 
ham., hamular process of pterygoid. 
)1, upper incisor. 
iii' lower incisor. 
in/., inner fold of molar tooth. 
ioe., infra orbital canal. 
iO/., infra orbital foramen. 
ip., interparietal bone. 
jug., jugal bone. 
lac., la.crymal. 
I am., lamina of molar tooth. 
m., molar tooth. 
ml-mt., upper molar teeth; first, second, third and fourth. 
m1-m,., lower molar teeth; first, second, third and fourth. 
mst., mastoid. 
msr., masseteric ridge of mandible. 
max., maxilla . 
. m/., mental foramen. 
nos., nasal bone~ 
·occ., occipital condyle. 
0/., outer fold of molar tooth. 
op/., optic foramen. . 
pal., palatine bone. 
par., parietal. 
par. r., parietal ridge. 
pg/., postglenoid foramen. 
pmx., premaxilla. 
poc., paroccipital process. 
popr., postorbital projection or process. 
ppj., posterior palatine foramina. 
ppp., posterior palatal pit. 
psph., presphenoid. 
pt., pterygoid. 
pl/., pterygoid fossa. 
i., root of lower ineisor. 
6mzy., supramaxillary root of zygoma • 
. soc., supraoccipital. 
sq., squamosal . 
. Sl/., supratympanic fenestra of squamosal. 
11m/., stylomastoid foramen. 
Impr., te.rnporal ridge. 
%yg., zygomatic arch. 
zyg.p., zygomatic plate or lower maxillary root of zygoma. 
ygm., zygomatic process of maxilla • 
.1'. Sf •• zYgomatic process of s,quamosal. 

[VOL. 60 .• 
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PLATE 13 

Tatera indica indica Hardwicke 

Adult d', Z.S.I. Reg. No. 13164, Chaklala, Rawalpindi, Punja&, 
ctJ. 330 metres altitude, 10th July, 1921. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. S.--Surface view of right upper molar crown. 
Fig. 6.-Surface view of right lower molar crown. 
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PLATE 14 

Tatera indica hardwickei Gray 

Adult. ~. Z.S.I. Reg. No. 13134, Dharwar. Mysore, 29th October,. 
1911. 

Fig'. I.-Dorsal view of skull. 
Fig. 2.--Ventral view of skulL 
Fig I 3.-Lateral view of skull. 
Fig" 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of right upper molar crown. 
Fig. 6.-Surface view of right lower molar crown. 
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236(c) 

PLATE 15 

Tatera indica ceyio1Jictl Wroughton 

Adult ~, Z.S.I. Reg. No. 13214, Waligatta, South ProvinC\, Ceylon, 
8th June, 1913. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3 .. -Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Pig. 5.-Surface view of right upper molar crOWD. 
Fig. '.-Surface view of right lower molar croWD. 



REC. INDIAN Mus., VOL. 60 (1962) 

AGRAWAL PLATE 15 

3 
10mm. 

IOmm. 

1 2 



236(d) 

PLATE 16 

Tatera indica cuvieri Waterhouse 

Adult~. Z.S.I. Reg. No. 13235, Cumbam, Madura, Madra •• 28th 
May, 1917. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig~ 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of right upper molar crown. 
Fig. 6.-Surface view of right lower molar crown. 
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236(e) 

PLATE 17 

Meriones hurrianae hurrianae lerdon 

Adult ~, Z.S.I. Reg. No. 13248, Dhangadhra, Gujarat, 22nd Novem-
ber, 1913. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. S.-Surface view of right upper mol~r crown. 
Fig. 6.-Surface view of right lower molar crOWD. 
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236(1) 

PLATE 18 

Meriones persicus persicus Blanford 

Adult ~, Mammal Survey ColI. No. 2410 (B.N.H.S), Kuh.Persia, 
11th July, 1920. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of right upper molar croWD. 

Fig. 6.-Surface view of right lower molar crown. 
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236(g) 

PLATE 19 

Meriones persicus baptistae Thomas 

Adult ~, Z.S.I. Reg. No. 13264, Kelat, Baluchistan, W. Pakistan, 
4th August, 1917. 

Fig. I.-Dorsal view of skull (semidiagramatic). 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig •. S.-Surface view of right upper molar crown. 
Fig. 6.-Surface view of right lower molar croWD. 
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236(h, 

PLATE 20 

Meriones crassus swinhoe Scully 

Adult ~, Z.S.I. Reg. No. 13263, Wana, WaziristaD, West PakiltaD~ 
ca. 1600 metres altitude, 2nd March, 1921. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandibie. 
Fil. S.-Surface view of right upper molar croWD. 
Fig. 6.-Surface view of right lower molar crOWD. 
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236(i) 

PLATE 21 

Meriones libycus erythrourus Gray 

Adult (!, Mammal Survey ColI. No .. 170 (B.N.H.S.), Sourab, Baluchis­
tan, 22nd May, 1917. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of right upper molar crown. 
Fig. 6.-Surface view of right lower molar crown. 
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236(j) 

PLATE 22 

Gerbillus nanus nanus Blanford 

Adult 6', Z.S.I. Reg. No. 13268, Pasni, Baluchistan, W·. Pakistan, 
19th February, 1918~ 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
F~g. 3.-La~eral view of ·skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. S.-Surface view of ~ght upper molar crown. 
Fig. 6.-:-Surface view of right lower molar crOWD. 
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236(k) 

PLATE 23 

Gerbillus dasyurus indus Thomas 

Adult if, Z. S. I. Reg. No. 13270, Sukkur, Sind, W. Pakistan, 22nd 
March, 1915. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig, S.-Surface view of right upper molar crown (Z.S.I. Reg. No. 

13271 ~ Juv.). . 
Fig. 6.-Surfa~e view of risht lower molar crown (Z.S.I. Reg. No-

13271 ~ Juvw). 
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236(1) 

PLATE 24 

Gerbillus gleadowi gleadowi Murray 

Adult ~, z. S. I. Reg. No. 15346, Sikar, Rajasthan, 15th November, 
1960. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of right upper molar crOWD. 
Fig. 6.--·Surface view of right lower molar crOWD. 
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236(m) 

PLATE 25 

Pitymys sikimensis sikimensis Hodgson 

Adult cr, Z. S. I. Reg. No. 10511, Sikkim, 28th December, 1914. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. S.-Surface view of right upper molar crown. 
Fig. 6.-Surface view of right lower molar CrO\VD. 
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236(n) 

PLATE 26 

Alticola roylei roylei Gray 

Adult'cr, Z. S. I. Reg. No. 13276, Phurkia, Kumaon, Uttar Pradesh, 
1st September, 1913. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig.- 4.-0ut~r side-view of left mandible.(Z. s. I. Reg. No. 13277 c1). 
Fig. 5.-Surface view of right upper molar crown (Z. S. I. Reg. No. 

13277~). _ 
Fig. 6.-Surface view of right lower molar crown (Z. S. I. Reg. No. 

13277~). 
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236(0) 

PLATE 27 

Calomyscus bailwardi bailwardi Thomas 

Adult c1, Z. S. I. Reg. No. 15273, Kelat, Baluchistan, W. Pakist~n, 
5th July, 1918. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ·ramus of mandible. 
Fig. 5.-Surface view of right upper molar crOWD. 
Fig .. 6.---Surface view of right lower molar crown. 
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236(p) 

PLATE 28 

Cricetulus migratorius fulvus Blanford 

Adult ~, I. M. No. 6912 (in spirit), Gilgit, Kashmir. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of right upper molar crown. 
F~g. 6.-Surface view 9f right lower molar crOWD. 
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236(q) 

PLATE 29 

Chiropodomys gliroides gliroides Blyth 

Adult ~, Z. S. I. Reg. No. 15189, Victoria point, Tenasserim, S. 
Burma, 11th December, 1913. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. S.-Surface view of right upper molar crown (Z.S.I. Reg. No, 

] 5194 ~). 
Fig. 6.-Surface view of right lower molar crown (Z. S. I. Reg. No. 

15194 ~). 
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236(r) 

PLATE 30 

Rattus rattus arboreus Horsfield 

Adult ~, z. s. I. Reg. No. 13348, Gujhundi f Hazaribagh, Bihar, 
16th M~y, 1914. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull • ., 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. S.-Surface view of right upper molar crOWD. 
Fig. 6.-Surface view of right lower molar crown. 
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236(s) 

PLATE 31 

Bandicota bengalensis kok Gray 

Adult cr, Z. S. I. Reg. No. 14080, Gadag, S. Maharatta, Mysore, 22nd 
December, 1911. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-Outer side-view of left ramus of mandible. 
Fig. 5.-Surface view of right upper molar crown (Z. S. I. Reg. No. 

14079 c! Juv.). 
Fig. 6.-Surface view of right lower molar crown (Z. S. I. Reg. No. 

14079 CS Juv.). 
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236(t) 

PLATE 32 

Bandicota indica indica Bechstein 

Adult ~, z. S. I. Reg. No. 15288, Palkonda hills, E. Ghats, Madras, 
3rd June, 1930. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. S.-Surface view of right upper molar crown. 
Fig. 6.-Surface view of right lower molar crown. 



REC. INDIAN Mus., VOL. 60 (1962) 

AGRAWAL 

20mm. 

1 2 

U1 

3 
3 

PLATE 32 

5 



236(u) 

PLATE 33 

Nesokia indica huttoni Blyth 

Adult ~, Z. S. I. Reg. No. 14109, Panjgur, Baluchistan, W. Pakistan, 
29th January, 1918. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of left upper molar crown (Z. S. I. Reg. No. 

14107, adult 6'). 
Fig. 6.-Surface view of left lower molar crown (Z. S. I. Reg. No. 

14107, adult 6'). 
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236(v) 

PLATE 34 

Rhizomys sumatrensis cinereus MacClelland 

Adult ~, z. S. I. Reg. No. 15371, Mergui, Malaya, 16th April, 1922. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of right upper molar crown. 
Fig. 6.-Surface view of right lower molar croWD. 
Fig. 7.-Anterior view of skull. 
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236(w) 

PLATE 35 

Rhizomys pruinosus pruinosus Blyth 

Adult~, Z. S. I. Reg. No. 15355 (in spirit), upper Burma. 

Fig. 1.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of right upper molar crown (Sclater's cat. 

No. 'S', adult ~). 
Fig. 6.-Surface view of right lower molar crown (Sclater's cat. No. 

, P', adult ~). 
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236(x) 

PLATE 36 

Cannomys bad ius badius Hodgson 

Adult ~, German expedition colI. No. ml, Rongrenggir, Garo hills, 
Assam, 26th January, 1957. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of right upper molar crown (Iuv. ~, Z. S. I. 

Reg. No. 11384). 
Fig. 6.-Surface view of right lower molar cro\vn (Juv.~, Z. S. I. 

Reg. No. 11384). 
Fig. 7.-Dorsal view of skul1 (Juv. ~, Z. S. I. Reg. No. 15225) show!! 

ing the interparietal bone. 
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236(y) 

PLATE 37 

Platacanthomys lasiurus lasiurus Blyth 

Adult Q .. Z.S.1. Reg. No. 15182, Corrg., Mysore, 24th January, J913. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-VentraI view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of right upper molar crown (Adult cr, Z. S. J. 

Reg. No. 15184). 
Fig. 6.-Surface view of right lower molar crown (Adult ~, Z. S. I. 

Reg. No. 15184). 
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236(z) 

PLATE 38 

Funambulua pennanti pennanti Wroughton 

Adult~, Z. S. I. Reg. No. 15011, Rajkot, Gujarat, W. India, 10th 
December, 1912. 

Fig. 1.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. S.-Surface view of right upper molar crown. 
Flig. 6.-Surfacc view of right lower molar crown. 
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236(aa) 

PLATE 39 

Petaurista petaurista cineraceus Blyth 

Adult~, Z. S. I. Reg. No. 15048, 20 metres' N. of Toungoo, Burma, 
12th April, 1927. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-LateraI view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of left upper molar crOWD. 
Fig. 6.-Surface view of right lower molar crown 
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236(bb) 

PLATE.40 

Marmota bobak himalayana Hodgson 

Adult~, z. S. I. Reg. No. 15348, Patseo, Lahue, Punjab, 2nd August, 
1922. 

Fig. I.-Dorsal view of skull. 
Fig.-2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fjg. 4 -Outer side-view of left ramus of mandible. 
Fig. S.-Surface view of right upper molar crown. 
Fig. 6.-Surface view of right lower molar crown. 
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236(cc) 

PLATS 41 

Jaculus jaculus jaculus Linnaeus 

Adult, Z. S. I. Reg. No. 15271, Algeria. 

Fig. I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-0uter side-view of left ramus of mandible. 
Fig. 5.-Surface view of right upper molar crOWD. 
Fig. 6.-Surface view of right lower molar crown. 



AGRAWAL 

par.--

/' 

REC. INDIAN Mus., VOL. 60 (1962) 

- ----------------·nas. 
----.- - -- -- --- ---~pmx. 

zygm.-------

ioc. 

ppf_._ 
-----jug.--­

pal.----
ptf. ----.. --I---M-o:.I 

----sq.---

------parr. 

ao.-- ---
occ.----­
poc.- ------.; .......... ,.-lAd 

soc.-------- - ----,' IOmm. 

Das. 

pmx. 

3 

4 

I 
I , , , 
I 
I 

ioe. as.jug. oDf. 
I I 'f 

par.r. 
I 

: zygm.! fro 
I I I I 

I : : : 
I I I I , l I 

sq. I par. 
I I I 
I I , 
: I I 

.--1-1'""----." I 
I , 

I • 
, Jug. ~ 

ma!x. als. I 

f m2. zyg.sq. m . cor. 
ml- I 

ip. 
I 
I 
I , 
I 
I 
I , 
I 
I 

----mst. 

-------poc. 
-------- -- -bul. 

I I 

----condo 

2 

3 
3 

PLATE 41 

". ---------------) . 

---------- ---·pmx. 

---.-----"'----- -- - - -apE. 
------max. 

---mI. 
_ __ m 2 • 

- --m3• 

- -fpv. 

....... ------·~--~--fo. 

--ham. 

--bul. 

---boc. 

-----cf. 
pb-oO::-~'-____ .£ .-~- - - - - - fm. 

_______ m '. 
~~~~-------inf. 

-------m2 • 

5 



236(dd) 

PLATE 42 

Hystrix indica indica Ker 

Adult, Z. S. I. Reg. No. 14484. 

Fig~ I.-Dorsal view of skull. 
Fig. 2.-Ventral view of skull. 
Fig. 3.-Lateral view of skull. 
Fig. 4.-, Outer sIde-view of left ramus of mandible. 
Fig. S.-Surface view of right upper molar crown (Sclater's Cat. No. 

em' /36-4-6-78). 
Fig. 6.-Surface view of right lower molar crown (Sclater's Cat. 

No. em' /36-4-6-78). 
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TABLE I.-Measurements (in mm.) of skulls of subspecies of Tatera 
indica Hardwicke (subfamily Gerbillinae, family Muridae)-concld. 

Abbreviaiions-As in text. 

Name ot subspecies 
and distributio n No. and Range and Mean O.N.L. 

sex 

( 1 ) Ta/era indica indica 2S~cf 

India (Punjab, Rajasthan, 
U. P., Gujarat, M. P., 
Bihar), W. Pakista nand 
Iran. 

21~~ 

(2) Tatera indica cuvieri 5cf~ 

India (Andhra, Madras, 
Kerala). 

6 ~!? 

(3) Talera indica 
hardw;cke; 7~~ 

India (Mysore). 

3~~ 

(4) Tatera zndica ceylonica 3~~ 

Ceylon' 

4~~ 

Range 

Mean 

Mean % of 
O.N.L. 

Range 

Mean 

Mean % ot 
O.N.Lo 

Range 

Mean 

Mean % of 
O.N.L 

Range 

Mean 

Mean % of' 
O.N.L. 

Range 

Mean 
Mean % of 
O.N.L. 

Range • 
Mean . 
Mean % of 
O.N.Lo 

Range 

Mean 

Mean % 
O.N.L. 

Range . 
Mean 

Mean % of 
O.N.L. 

Mol. 1. 

5·4-6·3 

5·8 

13·7% 

5·2-6·3 

5·8 

14'1% 

5·5-6·2 

5·8 

13·4% 

5·5-6·2 

6·0 

13'8% 

5·9-6·6 

6·4 

15'0% 

6'2-6-4 

6-3 

14-6% 

5-9-6·4 

6'1 

13·75% 

5·8--6·25 

6'0 

13·65% 

C.B.L. O.N.L. 

Mand.l. S.m.zy.w. 

18·7-24·0 2·2-3·5 

20·2 3·0 

47·0% 7·0% 

17·8-22·5 2·4-3·3 

19'8 2·7 

48'0% 6·9% 

19,5-21·8 3·4-4·4 

20'S 3·8 

47·5% 8·8% 

20·2-21,4 3'5-4-1 

20·8 3·8 

48·1% 8·8% 

18·7-22·1 3·1-3·8 

20·4 3·4 

48·8% 8·0% 

19·9-21-9 3-0-3'9 

20-8 3'S 

48'2% 8·0% 

19·4-22·7 3'6-3·8 

21·3 3·7 

48·0% 8·09% 

, 
20 .. 7-22·1 3·4-3·9 

21·2 306 

48·1% 8·6% 



TABLE 2.-Measurements (in mm.) of mandibles of subspecies of Tatera indica H4Jrt1wickie ( sUbfamily ...... 
Gerbillinae, family Muridae). ' ! 

.:.... 
Abbreviation&-As in, text. 

Name of subs~ies No. and sex Range and Mean G.L.M. Mand.l. Max. w. L. diast.l. L. mol. I. 

(1) Tatera indica indica 25 ~~ Range 20·1-25·8 18'7-24·0 9·2-12·2 5,4-7,2 5·0-6·5 
Mean 21·9 20,2 10,3 6,05 6,0 
Mean % orG.L.M. 47,0% 27,6% 27'5% > 

20~~ Range 19·5-24·3 17·8-22·5 8·5-11·5 5,2-6,5 5'2-6·8 ~ Mean . 21·5 19,4 10'1 5·96 6'0 
Mean % ofG.L.M. 47'0% 27'7~~ 27'8% ~ .-

(2) Tatera indica cuvieri S~~ Range 20,7-23,1 19'5~21'8 8·9-10·7 5·3-6,1 5'8-6'2 
Mean 21·9 20'55 9·8 6·0 6'05~ ~ Mean % of G.L.M. . 44·5% 27'2% 27,5% ;: 

7 ~~ Range 21·0-22·9 19,9-21'4 9·1-9·7 5·6-6·2 5·7-6'4 
;:::: 
~ 

Mean . 22·0 20·6 9,5 5·9 6,1 ~ Mean % ofG.L.M. 43,2% 26'8% 27'7% c -- --, 
(3) Tatera indica hardwickei 7 ~~ Range 20·1-23·8 18·8-22,1 8·8-10,7 5·2-6,4 6'1-6,8 -. 

~ Mean . 22·0 20,4 9·8 , 6·0 6'5 ..... 
Mean % orG.L.M., 44'5% 27'2% 29"5% st 

~ 
3 ~~ Range 21·3-23'4 18,0-21,9 9,4-10·4 6,2-6,4 6,25-6,5 <:) 

Mean . 22,2 20,1 , 9,9 6·3 6,4 ~ 
Mean % of G.L.M. ,44'2% 28'3% 28,8% :::t ..... 

~ 
« 

(4) Tatera indica ceylunica 5~~ Range 20·8-25,1 19'4-22,9 8·5-11·1 5'7-7·0 6'1-6·3 
Mean 23,7 21,7 10·0 6·6 6'2 
Mean % ofG.L.M. 42,2% 27·9% 26'4% 

5 ~~ Range 20·6-23·4 19·7-22,1 8·5-9·6 5,4-6·7 6'1-6.4 
Mean . 22,2 20,9 9·2 6·1 6·3 
Mean % of G.LM. 41,4% 27·4% 28·3% tv 

~ .... 
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TABLE 3.-M easurements (in mm.) of skulls of 
family 

Name otspecies 
and 

distribution 

(1) Merion" hurrianae • 

India (Rajasthan and 
Gujarat), and West 
Pakistan. 

• 

No. 
and 
sex 

Range and Mean 

Range 

Mean 

Ranle % ot O.N.L. 

Mean 

Abbrevialions-

O.N.L. 

30·7-37·7 

34·3 

-

C.B.L. 

29,0--35·0 

31·' 

-------,------------------------------------------------------------

W • Pakistan (Baluchistan) 
and Iran. 

17 ~~ Range 

Mean 

17 ~ ~ RanKe % ot O.N.L. 

Mean • 

Ranle 

Mean 

2 ~ ~ Ranle y. of O.N.L. 

Mean 

31·9-35·1 

33·4 

29,1-32·4 

30·7 

38'6-40·3 

39'S 

-
---,-----------------------------------------------------------------
(3) Meriones persicus baptistae Range 36'0 

Sub adult %ofO.N.L. 

W Pakistan (Baluchistan). 

---------,------------------------------------------------------------, 
(4) Merio1tes libycus erythrourus 2 ~~ 1 ~ Range • 37·0-39·7 

Mean • • 35·0 

W .Pakistan (BaluchistAn) Range % of O.N.L. 

Mean 

--------------------------------------------------------------------
(S) Merlo"'J ~rQlIUJ Jwinhoei 1<1 Range • • 31'S 2a·s 

ArgbaDutan. % ofO.N.L. 



1962.] AGRAWAL: Skulls of Oriental Rodents 

species of Merianes Illiger (subfamily Gerbillinae, 
Muridae). 

As in text. 

G.zyg.w. L.i.o.w. T. b.l. NaSI. A.p.f. 

18·4-21'7 5'6-8-0 9'3-10-5 10'9-13-6 4·2-6'0 

20·0 6·7 10'1 12·4 5'1 

55·2-61·0% 18'1-23'0% 27-6-31-1% 33'8-38'6% 13-3-17'0% 

SS·1 Y. 19·5% 29·3% 36'2% 14'9% 

18·2-20·0 5·7-6·S 9-1-10'6 10'9-13·7 4-4-5'6 

19'25 6·35 9·75 12·0 5'0 

56,0-50'4% 18·3-19·6% 27'9-31'0% 33-7-37-1% 13'5-16·0% 

57-7y' 18·8% 29-3% 35-7% 15'1% 

21·8-23'5 6-2-7-2 12·1-13'2 17·2-18'0 7·6-7·9 

22·7 6-7 12-65 17·6 7-75 

50-4-53'5% 14'3-16·5% 27-3-30'5% 39-1-41'6% 17·6% 

52·0Y. 15'4% 28·9Y. 40'4% 17'6% 

10·8 13'2 

30'0% 36'6% 17'7% 

19-9-22,1 6·6-7·1 13·6-13·9 13·5-15'5 '·0--7·0 

21'3 "9 13·75 14·7 6-5 

53'7-57'4% 18·0--1a-l% 37'5% 36·5-39·0% 16·2% 

55'5% 18·1 Y. 37'5% 37'7% 16·2Y. 

-
17-7 5·0 12'1 11·1 5·5 

55"~ 15'7% 31·1Y. 37'8% 17·3Y. 

Mol. I. 

4'6-5·3 

4·9 

13'1-15'9% 

14·4% 

4-5-5·0 

4'9 

13,8-15'5% 

14'6% 

5·3-5-7 

5'5 

11·9-13·2Y. 

12·5Y. 

5·0 

13'8% 

5'0-5·4 

5·2 

13'5-13'6% 

13'6~ 

3-9 

12·2Y. 

243 

Pai. i. 

16·6-19·9 

18·' 

53'0% 

16-6-18-7 

17·9 

S3·1Ye 

22·6-24·3 

23-5 

S2'3-SS'O~ 

53'7% 

18'2-19" 

19·' 

49'2~ 

4',2" 

15'8 

49'8~ 
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TABLE 3.-M easuremtllts ( in mm. ) of skulls of species of Meriones. 
[lUger (subfamily Gerbillinae, family Muridae).-concld. 

Abbreviations-As in text. 

Name of species 
and Diast.l. Rost. w. Dim.d. Mand.l. 

distribution 

(1) Meriones IIurriaf'lae 7·4-9·4 4·8-5'8 16·6-19·3 16·5-19·2 

8·6 5·3 17·5 17·7 

ndla (Rajasthan and 23·4-26·3% 13'9-17-3% 50'0-·54'3. % 
Gujarat), and We st 52'OYe Pakistan. 25'1% 15,4% 51'0% 

--. 

7'8-S'8 4·9-5·7 16·4-17,3 16·6-18·4 

8-3 5·25 16·9 17·5 

23·4-26'1% 15·2-16,6% 50,7-54,0% 

24'9% 15·7% 50,4% 52'5% 

(2) M4rionel pers;cul pllrsic III 11,3-12·8 6·2-6·4 21·5-22'1 20-9-22,1 

12,0 6·3 21·8 21'5 

26'2-28'8% 14·3-14·8% 49·9-50-0 48·3-56-0% 

W. Pakistan (Baluchistan) 27'5% 14,5% 50·0% 49'2% 
and Iran. 

(3) Merion,s PtTsicus baptislap. 9·2 4·9 19·1 17,8 

25,5% 13·6% 53·0% 49'3% 

W _ Pakistan (B·aluchistan). 

(4) Mer/Dilts libycus erythrourus 8·7-10·0 5·1-53 20'7% 17·6-19,8 

9,3 5·2 20,7 18·7 

W. Pakistan (Baluchistan). 23,5% 14,4% 56'0% 

23'5% 14,4.% 56~% 

(5) Mer;ones crassus Iwinhoei 7·7 4·3 19·3 lS'SS 

Afshanlstan. 



T ABLB 4.-M easuremenrs (in mm. ) of mandibles of. "Species of Meri~nes [lliger (3ubfamily Gerbillinae, .... 
~ family Muridae ). to.) 

Abbreviations-As in text. 
a:..., 

Name of species No. and sex Range and Mean G. L. M. Mand.l Max. w. L. mast. L. mol. 1. 

(1) Meriones hurrianae hurrianae 27 ai! Range 17-1-19'9 16'5-19-2 9'0-10'7 4-0-5-1 5·2-6·2 

Mean 18·4 17·7 9·8 4·4 5·7 

27 60 Range % ofG.L.M. 50-0-56'0% 22-0-25'7 % 29-0-33'0% ~ 
Mean 52'9% 23'5% 30-7% ~ 

~ 

17 ~~ Range 17-1-19-0 16,0-18'3 8-5-9'9 3-6-4'7 4·9-6,1 ~ 

Mean 18-0 17·3 9'4 4·3 5·57 ~ 
17 ~~ Range % of 50'0-55,0% 22·1-25'0% 29'0-32% 

s:: 
;::: 

0_ L. M_ '-'.l 

Mean 52-0% 23'5% 30'5~t> ~ 
(2) Meriones persicus persicus 

C 
2 ~~ Range 22'7-23-5 21'0-22'3 10'6-11-4 6'5-6'5 5'7-6·1 .... 

~. 
~Iean 23-1 21-6 11'0 6'5 5'9 ~ 

2 ~~ Range % of G,L.M. 46'7-48-5% 27·6-28·6% 24-2-26-8% 
~ 
~ 

Mean 47·6% 28'1% 25-5% ~ 
<:) 

(3~ Meriones persicus • ~ baptistae Ii! Range 19'2 17'8 9,0 5-8 5·7 ~ 
(Sub adult) ~ 

% oro. L. M. 46'8% 30'2% 30'0% 
~ 

(4) Meriones libycus erythrourus 2 c1a Range 20-4-21-2 19·2-20-0 11-1 5'2~5-6 5'9-5-9S 
Mean 20-8 19-6 11-1 5'4 5'9 

Id' % oro. L. M. 52'3% 26-0% 28-5% 
i 

(5) Meriones crassus swinhoei Ii! Range 16-4 15-85 8-3 4-0 4-25 
% orG_ L. M. 50-6% 24-3% 25'9% tv 

~ 
U\ 
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TABLE S.-Measurements (in mm.) of skulls of Meriones hurrianae 
Jerdon showing sexual and localitywise variations. 

Locality 

Waziristan 

Rajasthan 

Gujarat 

Abbreviations-As in text. 

No. and sex Range and Mean 

2 ~i! Range 

Mean 

Mean % of 
O. N. L. 

2 ~~ Range 

Mean 

Mean % of 
O. N. L. 

28 ~i! Range 

Mean 

Mean % of 
O. N. L. 

17 ~~ Range 

Mean 

Mean % of 
O. N. L. 

4 ~c1 Range 

Mean 

Mean % of 
O. N. L. 

5 ~~ Ranle 

Mean 

Mean % of 
O. N. L. 

O. N.L. 

37'4-37'7 

37'5 

33'5-35·2 

34'4 

31'4-36·5 

34·3 

31'2-33'6 

31'9 

30'7-33'6 

32'8 

L. i. o. w. 

6'9-7·9 

7'4 

19'6% 

6'3-6" 

6'45 

18'7% 

5·6-1'0 

6'7 

19'5% 

5·7-6·8 

6·35 

18·8% 

6·0-'·9 

6·6 

20'7% 

6·4 
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TABLS 6.-Mandibular measurements (in mm.) of Meriones hurrianae 
Jerdon, showing the relative increase of lower diastema and lower molar 

length" with the increase in length of the mandible. 

Ace 

Juvenile 

Do. 

Adult 

Do. 

Do. 

Juvenile 

Do_ 

Adult 

Do. 

Do. 

Abbreviations-As in text. 

No. Range of 
G. L. M. 

L. diast. 1./ 
Mean L. diast. 1. L. mol. 1. L. mol. 1. 

G. L. M. 

(i) Males 

1 13·2 13·2 3·2 S·OO 0·64 

4 16'0-16'7 16·S 3·9 S'30 0-73 

4-2 S'SS 0-7S 

IS 18'0-18'9 18-4 5-70 

6 19'1-19'9 19-5 5'85 0'80 

(ii) Females 

1 15'1 15·1 3·3 5·2 

16·4 3·8 S·3 0'71 

8 17-1-17'9 17'5 4·0 0'74 

18-2-18,8 18·4 4·5 S'7 0·78 

1 19·0 19'0 6-0 0·79 
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TABLB 7.-Measurements ( in mm. }of 
(subfamily Gerbillinae, 

Abbre viations-

Name ofsl'ecies and distribution No. and sex Range and Mean O. N. L. C.B.L. 

(1) G"billus nanus nanus 

W. Pakistan (Baluchistan) 

(2) Gerbillu.r dasyurus indus 

India (Gujarat, Rajasthan), W. Paki .. 
stan (Baluc;hi.tan). 

(3) Gerbillus gleadowi gleadowi 

India (Rajasthan), W. Pakistan (Sind). 

·Skull damaled 

1 c1 Range 26·8 23'7 

% ofO. N. L. 

1!{! Range 25'2 

% ofO. N. L. 

3- Ranae 23·9-25'7 21·2-22'8 

Mean 24"7· 21-a 

Ranae % of O.N.L. 

Mean 

241 Ranle 

Mean 26'1 23'1 

1 ~ % oro. N. L. 

4 ~~ Ranae 

Mean 27'S 

3 ~~ Ranle % of O.N .L. 

Mean 
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skulu of species of Gerbillus Desmarest 
family Muridae). 

As in text. 

G.ZYI.W. L. i. (). 'fl. T. b. 1. Nas.l. 

S·S 9'S 

16·8 32·S% 35·4% 

8·3 8·9 

4·r5 7·9 8·9 

16·5 ...... 11·2% 30'5-32·3% 35·5-36·9 

7·6-8·3 9'4-9·5 

7·' 9·45 

31'6% 

10·1 

19'1% 

A. p.r. Mol. 1. Pal. 1. 

12·9 

48'1% 

4·J 3·2 12·6 

16·2% 12·7% 

3·7--4·4 2·7-3·15 11'7-12·9 

3·9 2·9 12'1 

15·1-17·1% 11·2-12·2% 47·9-50·1% 

3·8-4·2 3·1-3·2 13·0-13'1 

4·0 3·1S 13·05 

16·8% l1·S% 50'1% 

3·3-3·6 12'9-14'8 

3'SS 

12'4% 50'9% 
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TABLE 7.-Measurements (in mm.) of skulls of species o/Gerbillus 
Desmarest (subfamily Gerbillinae, family Muridae).-concld. 

Abbreviations-As in text. 

Name of species and distribution Diast. t. Rost. w. Par. w. Maad. 1. 

(l) Gtrbillus nanus nanus 6·2 3·4 12·2 12·8 

W. Pakistan (Baluchistan) 3·2 11·95 11·S 

24·4% 12·7% 

5·6-5·9 2·9-3·2 11·2-12·0 

5·1 3·0 11·5 

22·9--23·7% 11·1-12·3% 45·9-47·2% 

23·30/. 12·1 % 46·6% 

(2) Gtrbillus dasyurus indus 11-7-12-0 12·1-12·3 

6·2 3·3 11'S5 12'2 

India (Gujarat, Rajasthan). w. Pakistan 23·7% 
(Baluchistan). 

12·7% 45·8% 46·3% 

(3) Gerbillus gltadowi gleadolYi 6·3-7·5 3·6-3·9 12·9-13·9 12'0-14'0 

7·05 3·75 13·4 

India (Rajasthan) W. Pakistan (Sind). 

25·5% 13·67% 46'S% 



TABLE 8.-MeaJurtments (in m"I.) o/mandibles of species of Gerbillus Desmarest (subfamily Gerbillinae, family Muridae) • .... 
\C 

Abbreviations-As in text. ~ 
~ 

Name of species No. and sex Range and G. L. M. Mand.l. Max.w. L. diast. 1. L. mol. 1. 
Mean 

(1) Gerbillus nanus nanus 4aa Range 12'9-13'7 12·2-13·0 6'7-7·1 2·8-3·1 3·0-3'8 
~ Mean 13'35 12'7 6·85 3·0 3·4 

~ 4 c1~ Range ~~ of G.L.M. 50'0-52'3% 20·6-23·2% 21'8-27·9% 
Mean 51'3% 22'3% 25'4% > 

t"" 

~ 
1~ Range 12'5 11'8 6·45 3·1 3'2 : 

;::: 
~ 

%of G. L. M. 51'6% 24·8% 25'6% ~ 
c 
"" (2) Gerbillus das.vurus indus 1<3' Range 12'7 12'1 6'35 3·1 3'2 -. 
~ 

% of G. L. M. 50% 24-4% 25'6% Q:' ...... 

l~ Range 12-9 12'3 6'5 3-4 3-6 ~ 
() 

f} 
% of G. L. M. 50'3% 26'3% 28'3% ::s 

~. 

(3) Gerbil/us gleadowi gleadowi 3 ~~ Range 13·0-14'8 12-0-14-0 6·3-6·7 3'5-4-0 3·4-3·8 

Mean 14·0 13'1 6·5 3'8 3·6 

3 ~~ Range % of G.L.M. 44'3--45'3% 26'7-27-3% 25'0-26'7% 

Mean 44-8% 27-0% 25'9% N 
VI 
~ 



TAlJLB 9.-Measurements (in mm.) oJ'skulls of specif!s oj Pitymys McMurtrie (subfamily 
Microtinae,jamily Muridae). 

Abbreviations-As in text. 

Name of species and No. and sex Range and 
distribution Mean O. N. L. C_B.L. G.zyg.w. L.i.o.w. T. b. 1. 

(1) Pitymys sikimensis • • 6c1c1 Range 24'1-26-3 23'3-26'9 14-0-1S-6 3-6-4'2 5-6-6-4 

Mean • 2S-5 25-8 15-0 3-9 6-1 

India (Kumaon, Sikkim, Darjeel- Range % of ., 
ing). O.N.L. 

58'0-60'0% 13-6-16·0% 22'6-25·2% 

Mean 59-3% 15·3% 23'9% 

6~~ Range . 25·3-26'4 25-2-27'1 14·8-16-2 3'45--4-2 5·8-6·4 

Mean 26-0 26-6 IS·7 3'8 6-20 

" 
Range % of 
O.N.L. 

58'0-62-9% 13'1-16-6% 22'9-24·7% 

Mean • .. 60-4% 14-6% 24-0% 

---
(2) Pilymys leucllrus • • lc1 Raago • 24·2 26·1 16-1 3-6 7-3 

India (Ladakh), Tibet and Chinese 
Turkestan. 

%ofO.N.L. 66-5% 14-8% 30-3% 

Nas.l. 

~ 
6·7-8-4, ~ 

~ 
0 

7-5 .... 
27·8-32'1% 

~ 
~ ..... 

29'4% ~ 
~ 

~ a. 
~. 

~ 

7'3-7-7 ~ 
7-56 ~ 

~ 

28·3-29-S% ! 
29-0% 

J ....... 6·S 
~ 26'8% t""t . 
; 



N MoLl. Pal.l. A.p. Ct »Jut. I. aoat. w. MualLL • &1 l" . 
t-4 

....., 
dr' 5·s-...6-5 13·S-Ui·1 '·7-S-2 '-9--8·2 4·7--5·1 15·0--15·1 
CII' 

6·0S 14·9 ',., 4·9 1,.:1 

22·8-44·9Y. 56~1·6" 1500-2000% 28·6-'1·' "- 18·6-20·3 ~, 51·1-(1;"" > 
C 

23·7" 58·4,,- 17·2" 30'9" 19'2% 59'2% ~ 
~ 

~ 
5'8--6'3 14·8-16·1 3t-5'2 '·6-8·4 4·9-5-4 15·1-16·1 $:! 

;:: 
f'I'J 

6·15 1554 4·4 8·t 5·1 15·76 ~ 
C .... -. 

22'3-25'1 Y. 58·7-61'2 " 14'6-19-9% 30·2-32-0% 18·7-20-4% 58'7-62'6% ~ .... 
Q' ..... 

23·6" 59·',,- 16-9y' 31-1% 19·6% 60·6% 
~ c 
~ 
::t 
t;' 

6·0 14·9 4·0 ,., 4·3 IS·? 

25·0" 61'S" 16-7% 32·0% 17·7% 64·8% .... en ~ 
\A 
W 



TABLB IO.-Measurements (in mm.) 0/ mandihles 0/ species of :Pitytnys McMurtrie, liyperacrius wynnei Blanford ~ 
0. 

and Ellobius fuscocapillus Blyth (subfamily Microtinae, family _.41:uridae). ~ 

Abbreviations-As in text. 

Name of Il'eeic. No. and :Range and G.L.M. Mand.1. Max.w. L. diast. 1. L.mol.l. 
sex Mean . ..-.. ......-...-..-

(1) Pllym~' dklme",', 4~cf Range 15'7-16'7 15·0-15'8 8-2-8-4 3'8--4·3 5-0--6'5 

Mean 16·3 15·3 3·3 4'15 6'3 

;J Range % of G. 49·4-50-9% 24'5-26'0% 36·8-39'8% ~ L. M. 
~ Mean 50-1% 25'4% 38'5% a ..... 

6~~ Range 16-0-17'0 15·1-16'15 8-1 4·1-4·4 6·1-6·S f} 

Mean 16·75 15'76 8-1 4·2 6'35 ~ 
Range % ofG. 50·6% 24'1-26'2% 36'3-39·3% 

:;. 
" ~ 

L. M. 
~ Mean 50'6% 2S'0% 38·0% 
S. Q' 

(2) Pllymy,l~lIcllru, 2~o Range 16·6-16'7 15'4-15·7 8'1-8·3 4·1--4·2 5·8-6·0 := 

Mean 16·7 15-5S g.''lC: 4-2 5·95 ~ 
Range % ofG. 48·8 ....... 9·9% 24'7-25·4% 35·0-36·1% ~ 

" ~ 
L. M. 

~ Mean 49·3% 25'0% 3S·55Y. 

(3) BY,.rllcrlu6 wynne; 2- Ranlo 14'4-15-3 13'3-14·4 3'1-3·2 S'4-S'~ 

Mean 14·8 13·8 3·1 5·S 

, , Range % of G. 20-9-21·5% 36'5-37~'% 
L.M. 

Mean 21·2% 37'0", ,...... 

. (4) BlIDblu/UICDCtlpllluI . • 1- Rango 2S'0 23·1 
~ 

13·3 6·3 1·0 t:4 .. 
Yo ofG. L. M. 't'2% 25'2% 32'0" g .. 



TABLE ti.-Measurements (in nim.) oj skuits oj species 0/ Aiticoia Blanford {subiami/y Microtlnae, ~ family Muridae).-contd. 0\ 
~ 
..:..., 

.Abbreviations-As in text. 

Name of species and No. and sex Range and O:N.L. C. B. L. O. ZYI. w. L.i. o. w. T. b. 1. 
distribution Mean 

(1) Altieola roylei roylei 5~~ Range 24·1-25·7 23·5-25·4 14·4-1 .. ·8 3·9--4'3 5'5-6'21 ~ 
Mean 25'1 ~'9 14'6 4·1 6·0 ~ 

India (Kashmir) and Tibet. 
" 

Range % of 57'5-58'5% 15'4-17'4% 22·8-24'2 " ~ O.N.L. 
Me~ - 58'0% )6'3% 23'7% 

~ ;: 
1~ Range 24'8 24·8 3·9 6'0 ;:::: w, 

%ofO. N.L. 15'7% 24·1% ~ - C 
~ 

(2) Altieola bhatnagar i 1~ Range 24·4 25·2 4'1 
.... 

5'7 ~ 

Paratype %ofO. N.L. 16'7% 
~. 

23'''% ...... 
~ ...... 

Nepal. ~ Range 24'7 25-0 1"'5 4,05 5·9 ~ 
<:> 

Type %ofO.N.L. 58'7% 16·4% 23'8% ~ 
~ .-.......-.. ,.. ~ c;,.a 

(3) Altieola stoliezkanus strachey; 10' Range 25·6 26·7 15·1 4'0 6·2 
%ofO. N.L. 59'0% 15-6% 24'4% 

n • .. ~----~-.. 
Ia.ia (Ladak). Nepal and Tibet. 1~ Range • 26'2 26'7 15-5 4·2 6-.... 

%ofO.N.L. 58·4 Y. 16'0% tv ~ - 2404Y. 
~ 
VI 



TABLE 11. -M~amrements (in mm.) 0/ skulls of species of A]ticola Blanford (subjalnily Microtinae. 
family Muridae).-concld. 

A.bbreviations-As in text. 

Name of species and-
distribution 

Nas. l. Mol. 1. Pal. 1. A. p. f. Diast.l. Rost. w. 

-(I} Alt iColQ rQ)'!ei ';)llei 6·8-7'3 6'8-7'3 12'7-13·6 4·7-5'1 6·4-7·5 4·7-5·3 

7·2 S'7 13'1 4·85 7'15 4·9 

India (Kashmir) and Tibet. 28'2-28·8% 21'9-23·0% 49·9-53'7% 18'4-20·0% 26'S-29'7% 18'2-21'0% 

28'6% 22'6% 52.1% 19'3% 28·5% 19·5% 

7·15 5·7 13·2 5·1 7·2 4·5 

28'8% 22·9% 53·2% 20·5% 29·0% 18'1% 

(2) Alt/coia bhatnaia,l 7·4 5'9 13·4 4·3 7·5 4·2 

30·2% 24·0Y. 540 8% 17·5% 30·6% 17'1% 

--
Nepal. 7·4 5·7 13·5 5·0 '/·5 4·0 

30·0% 23·2% 54'6% 20'2% 30·3% 16·2% 

(3) Alt/cola stollczkanus stracheyi 7·9 5·9 14·2 5·2 8·1 4·2 

30·8% 23,0% 55·4% 20·3Ye 31·8% 16·4% 

I adi" (Ladak). Nepal and Tibet. 8'0 5'95 S'2 7'9 4'3 

30·'% 22·7% 1909% 3000% 16'4% 
~ 

Mand.l. 

13·5-14·7 
~ 

14'26 ~ 
~ 
() 

5S·4-57·8% "'" ~ 
56·8% 

~ 
14·6 :;. 

~ 

S8·8Y. ~ 
~ 
~. 

15·0 
;: 

~ 61·4% 
~ 
~ 
I:: 

15·3 ~ 

61·9% 

IS'9 

62'1% 

16·3 ~. 
tot • 

62·2% 
~ 



TABLE 12.-Measurements (in mm.) of mandibles of species of Alticola Blanford (sub/amily Microtinae,/amiiy Mu,iJae). .I'fIi. -Abbreviations - As in text. t'J 
~ 

Range 
Name of species No. and sex and G.L.M. Mand.l. Max. w. L. diast. 1. L. mol. 1. 

Mean 

(1) Alticola roylei roylei Serer Range 15·0-15'8 13'5-14-7 7'3-7'7 3'55-4-2 5-4-6'0 

Mean 15'S5 14·3 7'6 3·8 5-8 > 
Q 

Range % ofG. 46-8-49'6% 22·7-27'0% 36'3-38'1% '" " ~ L.M. 
Mean 48'5% 24'5% 37'4% > 

t.""f 

3cJ~ Range 15'3-15·8 14'2-14'6 7·6-7'8 3·5-3'7 5'8-6·1 
~ 

" 
Mean 15·6 14'45 7'6~ 3'6 5'9 ~ 

;::: 
~ 

" 
Range % orG. 48'4-50'3% 22'4-24'1% 37'1-38'9% ~ L.M. 
Mean 49'4% 23'0% 38'0% ~ -. 

~ 

16·5 ~ (2) 4Iticoltz··bhatnagarf ler Range 15·0 7'1 4'0 6·1 
S· 

% ofG.L.M. 43'3% 24·2%. 37'2% 
...... 

" !::tI 
<:) 

1~ Range 16·0 IS'3 6'8 4'1 6'1 ~ ::: 

" 
% ofG.L.M. 42'5% 25-6% 38'0% t;;' 

'k 

(3) Alticola stoliczkanus strachey; 1~ Range 16'7 15'9 4'0 6'1 

% ofG.L.M. 23-8% 36'6% 

1~ Range' . • 17'3 16'3 4'1 6'1 

0/0 of G. L. M. 23-8% 34'7% t" 
VI - ... ----~ .... -...l 



TABLE 13.-Measurements (in mm., of sku/Is o/species o,fCalomyscus Thomas and Cri~etulus Milne Edwards ~ 
Vl 

(subfamily Oricetinae,jamily Muridae). 00 

Abbreviations-As in text. 

Name of species No. Range 
and and and O.N.L. C.B.L. G.zYg. w_ L_i.o.w_ T.b.I_ Nas.l. 

distribution sex Mean 

---- ~ 
~ 

(1) (;alo1.nyscul ballward; J~ Ranee 2S-3 22'6 12-6 3'9 4'0 9'2 a 
ballwRrdl ., 

~ 
% or O.N.L. SO% 15-4% 15'8% 3~·3% 

~ ...,. 
~ 
~ 

Persia and w. Pakiltan 1~ Range 2S-3 22·2 4·2 4'2 9-1 
~ 

(BaluchiJtan). S. 
~. 

16-6% 
~ 

% orO.N.L. 16'8% 36'1% 
~ - ------------., ! ------

(2) (;rlcetulus m;gratoriou$ 18 Range 31-4 29·6 16·' 4-5 5-7 11-4 
§ 

ful,a 

% orO.N.L. 53·7% 14'3% 18-1% 36'4% 

.-
India (GiJait) l~ Ranae 31'1 29·6 16·9 4'2 S·S 11·3 

~ 
%ofO.N_L. 54'3% 13'6% 17-7% 36·S% t"" . 

0\ -. _t 0 .. 



. TA"BLE-13~-cDncld. ... 
'-C) 

~ 
~ 

Name of speciol 
Pal. 1. A.p.f. Mol. 1. Diast. 1. Occiput and R.ost. w. Intp. 1.& w. Maud. 1. 

distribution. 

(1) Clllomy,cus bflilwa,dl 12-2S 4-6 3'2 6-6 2-2 3'4 3-S "9-0 12'2 
olli/wardi. 

~ 48·4% 18-1% 12-6% 26'0% 8'7% 13-4% 13-8 ~ 3S-5% 41-4% 

.~ 
~ 

Persia and W. Pakistan 12·0 4·6 3-6 6-2 2-S 3·6 
~ 

3·2 & 8·9 11-6 .. 
(Baluchistan)-

~ 47'4% 18-1% 14-2% 24-'% 9'9% 14-2% 12·6 & 35'4% 4S-~% ;: 
;::: 
~ 

~ 
(2) Cricetulus mlrrlltorlus 15·0 5'7 4-4 9-0 4-1 5-35 2-9 ~ 7-1 17-1 C 

lu"us, 
... ..... 

47-1% 18-1% 14'0% 28'6% 13'0% i7'O% 9'2 & 22-6 % '4-3% ~ ...... 
Q .-... 
~ 
0 

India (GlIalt). 15-3 S-7 4·3 9!2 4-25 5'4 2·1 & 7'2 6-5 ~ ::= r:;-. 
49-2% .18-3% 11-$1% 2.9'5% 13'6% 17-3% 6·7 & 23-0% 53-2% 

II ........................................... -----.---~ - -................-~~...---.....--



TABLB 14--MelUur~lfttnls (in mm.) 0/ skulls ~fChiropodomys gliroides Blyth (subfamily Murif7ae, ~ 
g family Muridae). 

Abbreviations-As in text. 

Name of species No. Range and and and O.N.L. C.B.L. O. ZYI. w. L.i.o.w. T.b.1. Nu.l. distribution sex Mean 

~ 
(1) Cltlropodomys gliroides 4cfc't 24'7-26'0 23·2-24·1 14'1 4·3--4·9 3·6-3'7 5'6-7·7 ~ Range (") gllro/du. 

~ 
"'-t 

f:e 
Mean 25·37 :21·'5 14'1 4·7 3·7 7·14 

~ 
~ 

Range % of 57'3% 17'1-19'1% 14'4--14·7% 25·9-29'8% ~ ., 
~ O.N.L. 

f:.. 
Mean '7'3% 18·4% 14'5% 28'1% 

~. 

~ 

~ 
~ 

India (Allam) aad BurDI. ~ 
3~~ Range 22·3-24·2 20·3-22'1 4'4-4'7 3·3-3'7 6'4-7·6 

Mean 23"0 2J·1 4·65 3·~ 6'85 

If ~e % of 19'6-21'0% 14·8-15'2% 28-3-31-6% ,...., 
O •• L. ~ 
Mean 20'2% 15'1% 29'6" r 

$ 
v 



TABLE 14.-COHcld. ..... 
\0 

~ 
.:...., 

Name ot species No. Rau2e 
and and and Pal. 1. Mol. 1. A.p.f. Diast. I. Orb. 1. ROIL w. Occiput Mand. t. 

distribution sex Mean 

(I) Chiropodomys gliroid.s 44<1 Range 12'2-12-4 3·3-3'5 3·3-3-S 6·7-6·9 8,3-9·0 4'3-4-9 1-7-2-3 130 3-1-4'0 
61Irold-6. 

~ 
Mean 12-3 3·35 3-4 6·8 8·15 4-6 2·t 13·8 ~ 

> 
t"" 

" Range % of 47,7-49-6% 12·7-13'6% 12-7-13·6% 26·1-27-9% 33'8-35'1% 17'1-19·1% 7'0-9'0% 53-3-.55-8% 
O.N.L. 

~ 
~ 

"Mean 48'7% 13'2% 13'3% 26-7% 34'4% IS·2% 8-2% .54'65% ;:: 
f'J 

~ 
-- ~ -. (\ 

;= .... 
luJia (Assam) and Burma 3~~ Range 10-9-11'4 3·4-3·1 3·0-3'1 "6,0-6-1 7'5-S'1 4'1-4-3 1-8-2·0 12'05-13-3 

Q ...... 
~ 
<:) 

~ 
Mean 11-1 3'4 3·1 ~'1 7'S 4·2 1-9 12·6 ~ ;;:-. 

" 
Range % or 47'3-48'6% 

O_N.L. 
14'4-15·2% 12·4-13-9% 25'4-26'9% 3302-35.4% 16·9-19·2% 7·6-9-1% 54-0-55-3% 

Mean 48'0% 1409% 13'2% 2603% 34-0% 18-4% 8-3% 54'8% 
tv 
0\ 

" Ia .... 



TAIL!! t5.-Measurements (in mm.) of mandibles of subspecies ofCalomyscus 1 nomas, Cricetulus Milne Edwards(subfamily N 
0'\ 

Oricetinae) and Chiropodomys Peterj {subfamily Murinae}. N 

Abbreviations-As in text. 

Name of species No. and sex 
Range 

and G.L.M. Mand.l. Max. w. L. mol. 1. L. diast. 1. 
Mean 

(1) Ca/omyscus bai/wardi hai/wardi I&' Range 13·3 12'2 6·6 3·2 3'3 

% ofG.L.M. 50·0% 24·0% 24'8% 
~ 

1~ Range 12'5 11'6 6·6 3·3 3'1 ~ 
(") 
e ., 

% ofG.L.M. 52'8% 26'4% 24·8% ~ 

(2) Cricetulus migratorius fulvus 1~ Range 17·2 16'5 8'5 4·6 5·2 ~ ..... 
~ 

% ofG.L.M. 49'8% 26'7% 30'2% ~ 

~ 
16' Range li·8S 17·1 9'0 4'3 5·6 ~ 

~. 

% ofG.L.M. 50'3% 24'4% 31'4% 
~ 

~ (3) Chiropodomys ,liroides gliroides S&'d' Range 14'2-14'8 13'3-14-3 6'6-7'2 3-1-3'S 3'1-3'3 ~ 

Mean 14'4 13·8 7·0 3'3 3·2 ~ 
~ 

Range % of G. 46-1-50-3% 21-7-24'4% 21-5-23'1 % 
~ 

" L.M. 
Mean 48-5% 23-1% 22'4% 

4~~ Range 12'6-14·2 12-0-13-3 6-0-6'4 3'3-3-5 3-0-3-2 
Mean 13'15 12-6 6'2 3-35 3-1 

" 
Range % of 45-0-47-2% 24'6-26-2% 22'5-24-6% ~ 

G.L.M. t"" 
Mean 46-2% 25'5% 23'6% 

. 
0\ 
0 .. 



1962.] AGRAWAL: Skulls otOriental Rodents 263: 

TABLE 16.-Yeasurements (in mm.) of skulls of species of Rattus Frisch 
(subfamily M~rinae, family Muridae). 

Abbreviations.-A s in text. 

Name of speci ,s 
and distribution 

(I) Rattus rattus arboreus 

No. and 
sex 

8 c1c1 

India (U. P., Bihar, Bengal) 
" . and Nepal 

Range 
and 
Mean 

Range 

Mean 

Range % of 
O.N.L. 

Mean 

6pp Range 

" 

(2) Rattus fulvescens 
fulvescens. 

8 c1c1 

" 
India (U.P., Assam), Nepal, 

Sikkim and Burma. 

8 ~~ 

" 

(3) Rattus rqiflh surifer 444 

" 

S. Burma (Tenasserim) and 
Mergui Archipelago. 

S ~~ 

" 

Mean 

Range % of 
O.N.L. 

Mean 

Range 

Mean 

Range % of 
O.N.L. 

Mean 

Range 

Mean 

Range % of 
O.N.L. 

Mean 

Range 

Mean 

Range .% 
O.N.L. 

of 

Mean. 

Range 

Mean 

Range % of 
O.N.L. 

Mean 

O.N.L. 

38·9-41·4 

40'33 

38'3-39·1 

38·7 

36·1-39·2 

37·64 

34·9-38'0 

36·3 

43'4-47'3 

45'2 

39·5----42·8 

40·5 

C.B.L. 

37·4-38·8 

38'1 

35·5-37·0 

36·5 

32·0-35·1 

33'84 

31·2-33·8 

32·4 

38·6--43·0 

40·45 

35-2-38·2 

36·2 

O. zyg. w.-

18-5-20'2 

19·5 

45·8-50'0%. 

48'6% 

18·4-19·2 

18·9 

47'1-50'00/~ 

48'75% 

16·6 

16·6 

46·00/0-

46'0% 

15·6-15·8 

15'7 

43·9-44·3% 

44'1% 

18'5-21·5 

20·0 

41·7-45'4%. 

43·5% 

17·3 

17·3 

42·9% 

42-9% 



264 Records of the Indian Museum [VOL. 60, 

TABLE 16.-Measurements (in mm.) 0/ skulls o/species of Rattus 

Abbreviatlons-

Name 0 f species No. and 
Range 
and L.i.o.w. T.b.l. Has.l. 

and distribution sex Mean 

-..-...... ----.----

( J) Rattus rattllS arborells 8 !f!~ Range 5·3-6·0 6'8-7'5 13·1-15·3 

Mean 5·7 7·23 14·4 

India (U.P,. Bihar, Bengal) 
" Range % ot 13·6-14'4% 16'9-18'5% 33·6-36'8% 

and Nepal O.N.L. 

Mean 14'0% 17·86% 35" 

6 ~~ Range 5·4-5·7 6·6-7·1 12·4-14·2 

Mean '·5 6,8 13·4 

" Range % of 13'8-14'7% 16'9-18'1% 32'0%-36·6% 
O_N.L. 

Mean 14'2% 17-5% 34'5% 

------------
(2) Rattus /uivescers 8 ~~ Range 4·9-6·1 4'5-4·9 13'0-14·8 
fulvescent. 

Mean 5·7 4·74 13·9 

" Range % of 13'2-16'2% 12·0-13·0% 36'0-37'7% 
O.N.L. 

India( U.P., Assam), Nepal, 
Sikkim and Burma. 

Mean 1,,2% 12,6% 37·0% 

8 !f!!f! Range '·1-6·0 4'5-5·0 12·4-14·0 

Mean 5,5 4'65 13'3 

" Range % of 
O.N.L. 

13-8-16'8% 12·3-14'1% 34·9-37'8% 

Mean 15'2% 12'8% 36'7% 

c(3) Rattus rajah surifer 4 <1cf Range 6·3-7·0 4·8-5·2 17·0-18·3 

Mean 6'55 4·95 17·65 

" Range % of 13,4-17,4% 10'3-11'3% 38'8-39,2% 
O.N.L. 

Mean 1',0% 10-9% 39,0% 

S. :Burma (Tenasserim) and 
Mergui Ar~hipelago. 

5 !f~ Range 6'1-6·8 4·4-4·8 14·4-1"9 

Mean 6·' 4,6 14·8 

" Range % ot .1"4-16'8% 11·0-11·7% 35'9%-36'4% 
O.N.L. 

Mean 16,1% 11·3% 36,3% 
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Frisch {subfamily Murinae, family Muridae)-contd. 

As in text. 

Pal.l. Mol. 1. A. p,r. Diast.l. Rost. w • 

. ". --
20'7-22-4 6-0-6·6 6-3-7'1 9'5-10-7 6'3-7·0 

2'1'5 6'34 6-8 10-15 6·65 

52·4-54'7% 15'2-16'3% 15'6-17'6% 24'2-25'5% 15-7-16-8% 

53'2% 15'7% 16'6% 15'1% 16'4% 

20·1-21·1 5·8-6'4 6·4-6'75 9'3-10·2 6,3-7-0 

20·6 6'OS 6-6 9-9 6·5S 

SI'9-54'6% 15·0-16'3% 16-7-17'4% 24'2-26-2% 16-4-17'9% 

S3'2% 15'6% 17'0% 25'5% 16'9% 

-~ 

16'8-18·8 5'S-6-0 5-2-6-4 8'4-10'0 5-3-6'4 

18·1 5-65 5'66 9·2 5·9 

46'4-49'1% 14'2-15'5% 13'4-16'3% 23·2-25-5% 14'1-16-9% 

48'1% 15'0% 15·0% 24'4% 15-'% 

16'7-18-S S'3-5-7 4'6-6'1 8·3-9·3 5-4-6'1 

17·4 5-46 5'5 8-9 5·7 

46·9. 49'9% 14'2-16'0% 12-9-16'5% 23'7-25'1% 14-6-17'1% 

48'0% 15-1% 15-1% 24·4% 15·8% 

- I I --
20-4-22'7 5,7-6-8 S'1-6'7 11·4-13·5 7'7--8·5 

21·4 6·3 6'( 12-1 8-1 

46·2-48'0% 12-8-14'7% 12'2-14-6% 25·9-28'5% 17'0--18°4% 

41-2~' 13-8% 13-6% 26'8% 17·7% 

I I • I I I I . . 
18-3-19·4 5·7-6·4 4-8-5'7 10-2-11-3 6-6-7'2 

19·0 6'1 S-2 10'S 6·8 

45'5-41-00/0 14-4-15'7% 12'0-14-0% 2.5·2-26-3% 16'7-17'O'!,,, 

47'0% 15·0% 12·1% 25·8% 16·8" •. 
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TABLE 16.-M easurements (in mm.) of skulls of species of Rattus 
Frisch (subfamily Murinae,famiiy Muridae.)-contd. 

Abbreviations-As in text. 

Name of species No. and Range and 
and distribution sex Mean Occiput Orb. I Maud. 1. 

~-

.(l) Rattus rattus arboreus 8 ~~ Range 3-9-4'8 13-5-14,1 19'7-21,7 

Mean 4'5 13-8 20'7 

.India (U.P.; Bihar, Bengal) 
" 

Range % of 9-7-12'0% 33'1-35-2% 49'1-52'3% 
and Nepal O.N.L. 

Mean 11'1% 34'16% 51'3% 

6 f1f1 Range ./ 4'0-4-3 12-7-13-2 19-5-20'5 

Mean 4-1 13-0 20'0 

Range % 'of 10-2-11'2% 32'7-34-1% 50'3-52'8% 
O_N.L. 

Mean 10'6% 33'5% 51'5% 

~(2) Rattus 
fu/vescens, 

fuivescens 8 f1f1 Range 3'3-5-2 11'1-12-4 16,3-19·4 

Mean 4-1 11·6 17·9 

, . Range % of 8-5-13-5% 29'6-32-4% 44~5--49'5 % 
O.N.L. 

India (U .p.,Assam) Nepal, Mean 10'9% 30-8% 47'5% 
Sikkim and Burma 

8 ~~ Range 3·5-4-9 10·6-11·4 16-1-18'2 

Mean 4'2 11·0 17-3 

, , Range % of 9'6-13'1% 29'9-30'9% 46'1-49-2% 
O.N.L. 

Mean 11'4% 30'45% 47'5% 

--
-(3) Rattlls r"jah surifer 4 f1f1 Range 5·8-6·4 12'7-14-3 21·1-23'3 

Mean 6·0 13·4 21·9 

" 
Range % of 12·8-13'5% 28'1-30'9% 47'2-49-2% 

O.N.L. 

S. Burma (Tenasserim) and 
Mergui Archipelago. 

Mean 13'2% 29·6% 48'2% 

--
5 ~~ Range 5·1-5·8 11·4-13·1 18·3-20'0 

Mead 5·6 12·2 19·3 

" 
Range % of 12·9-14,6% 28·4-31,1% 46·4-48'7% 

O.N.L. 

Mean 14'0% 30,0% 47'9% 
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TABLB 16.-Measurements (in mm.) of skulls of species of Rattus 
Frisch (subfamily Murinae,family Muridae.) ...... contd. 

Abbreviations-As in text. 

Name of spe.:ies Range 
and distribution No. and sex and Mean 

O.N.L. e.B.L. O. zyg.w. 

t( 4) Rattus cutch;cus siva 4 cfcf Range 32'3-33'8 27·9-29·6 15·1-15·4 

Mean 33·0 28·7 15·25 

" 
Range % of 
O.N.L. 

44'8-45'5% 

India (Mysore) Mean 4S'2% 

~ ~~ Range 33·3-33·6 29·3-29·4 15'0-15·9 

Mean 33'4 29·3 15·45 

" 
Range % of 44'6-47'7% 
O.N.L. 

Mean 46'9% 

.(5) Rattus bowers; ~acken .. cfcf Range 47·4-49·0 48·0 23·45 
ziei. 

Mean 48·2 48·0 23·45 

" 
Range % 

O.N.L. 
of 47,8% 

Mean 47'8% 
india (Assam & Manipur) 

& W. Burma. 
-. ......... -

3 ~~ ~ange 43·8-46·5 42'5-44·7 21'5-22·7 

Mean 45·4 43·7 22'1 

., Range % of 
O.N.L. 

48'8--49'0% 

Mean 48·9% 

.(6) Rattus manipulus man;-
pu/us 

3 cfcf Range 37·6-41·0 36'7-39·8 19·3-20'5 

Mean 38·8 38·0 19'9 

" 
Range % of 50·1-S1·0% 

India (Assam O.N.L. 
& Manipur) " W. Burma. Mean 50'5% 

6 ~~ Range 35·8-37'5 34·6-36·2 18'7-19·9 

Mean 36·6 35'8 19,2 

If Range % of 
O.N.L. 

51·3 -53-6% 

Mean • 52-'% 
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TABLE 16.-Measurements (in mm.) o[skul/s ojspecies of Rattus 

Abbreviation-

Name of species and No. and sex Range 
distribution and Mean 

L. to.w. T.b.i. Nas. I. 

(4) Rattus cutchicus siva 444 Range 4'6-5'0 4-5-5'1 12·6-13·5 

Mean 4-8 4-75 130() 

" Range % of 14'1-14-7% 13-3-15'1% 39·0-40-0% 
O.N.L. 

India (Mysore). Mean 14·4% 14-4% 39-3% 

2 ~~ Range 4-4-4'6 5-1-5·2 13'0-13-4 

Mean 4·5 5·15 13·2 

" Range % of 
O.N.L. 

13-1-13-8% 15'1-15·6% 39·0-39·9% 

Mean 13'5% 15-3% 39'0% 

(5) Rattus bow~ral macken· 
ziei. 

4cf Range 6-7-6·9 6-S-6'5 18·9-20·0 

Mean 6-8 6'5 19,5 

" Range % of 14'1-14'2% 13'3-13-7% 40'0-40'8% 

India (Assam & Manipur) 
O.N.L. 

and W. Burma. Mean 14·2% 13'5% 40·4% 

3 ~~ Range 6,7-7-0 6·0-6·3 16·8-18·9 

Mean 6-85 6·25 17·9 

" Range % of 14-7-16'0% 13'6-13'8% 38'3-40'6% 
O.N.L. 

Mean 15'1% 13'7% 39'4% 

--
(6) Rattus man;pulus mani· 

pulus. 
3 crc1 Range 6'1-6-4 5·6-5·8 14'9-17·3 

Mean 6'3 5·7 15'8 

, , Range % of 
O.N.L. 

15'6-16'8% 14'1-14'9% 39·4-42'2% 

India (Assam & Manipur) and Mean 16'2% 14-6% 40'6%_ 
W. Burma. 

-- -.-
6 ~~ Range 6·0-6·3 5'4-:5-6 13·9-15-0 

Mean 6·07 5-5 14-4 

cc Range % of 16·2-17·4% 14'8-15'3% 38·1-40·5% 
O.N.L. 

Mean 16-6% 15-0% 39'4% 

-
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Frisch (Subjllmily Murfnae,/amily Muridae) .. r-contd. 

As in text. 

Pal. 1. Mol. 1. A. p.r. Diast.l. 

1-5-0-1'(;,2 5-0--S~~ 6·5-7'3- 7'3--8·0 

~5·8- 5~1I5 6·85 7'6 

46· 3-4fl·6 % 1514-16'0% 20'2-21'6% 22'4-23'7% 

47'6% 15'6% 20'7% 23'0% 

-1-6;-1-6·3 5"2-1-2- 61.7-7,4- 8'1-8·1 

116·2- 5;a 7·0 8'1 

48·5 ....... '5% 15061-15-7% 20'0-22'2% 24'1-24'3% 

48'5% t~'6% 21'1% 24'2% 

, ...... .- • 
-25·6-i6·4- 7 ... 7---s.0 &9-9 .. l- 13·8-13·9-

26'0 7'85 9'05 13·85 

54·o.--SIIi0% 16a-16'3% 18'7-18'7% 28'1-29'3% 

54'0% 16-25% 18'7% 28-7% 

~ ~ &-24·5 .0 7 .. 7-7.JJ·· 7·5-8 .. 3- 12.~7-t-3·3 

·24~- 718 7·9 13·05 

52·5 .. -.S4~3% 15.5-17'9% 17'0-18'1% 28-0-29'0% 

53-3% 17'1% 17'4% 28'7% 

-20-2-2-2·0-·· 504-4·8 6!5-7-·4 11'8 ..... 13'5 

20·9 5·6 7'1 12·5 

53'4-5~2% 13'41-15'3% 17'2-19'5% 31'2-32'9% 

53'7% 14·3.% 18'3% 32'1% 

19·~"3 5·3-6 .. 1 6 .. 2-6·6 11-'3-12'1 

19--9- 5·6 6·4 11'7 

53'2-54-9% 14'5'.-16'6% 17'0-18·0% 31-3-32-2% 

54'3% 15'2% 17'5% 31'9% 

2 ZSl/63 

269~ 

Rost. w. 

4·9-5'0 

4~95' 

14'7-15'1% 

14'9% 

5'0-5'1 

5·05 

14'8-15'30/. 

15'0~o 

" 
8'5--8'7 -

8'6 

17-7-17'9% 

17·8% 

,-:;- '. *-

7'8-8-4-

8-05 

17'3-18'0% 

17-7% 

6-5-1'2-

6'95 

17'2-18'8% 

11'9% 

(i. 3-6·8 

6'5 

17-3 ... 18-5% 

17'7% 

16 
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TABLE 16.-Measurements (in mm.) of skulls of species of Rattus 
Frisch (subfamily Murinae, family Muridae.)-concld. 

Abbreviations-As in text. 

Name of species and 
distribution 

(4) Rattus cutchicus siva 

ndia' (Mysore) 

(5) Rattus bowersi mackenziei 

No. and Range and 
sex Mean 

4 erer Range 

Mean 

" Range % 
O.N.L. 

of 

Mean 

2 ~~ Range 

Mean 

I, Range % of 
O.N·L. 

Mean 

erer Range 

Mean 

Occiput 

3·0-4·1 

3·65 

9'2-11.'1% 

11,0% 

3·6-3·7 

3·65 

10·9-11'0% 

11,0% 

7·3-7·7 

7·5 

" Range % of 14·9-16·2% 
O.N.L. 

India (Assam & Manipur) & 
W. Burma. 

Mean 15'5% 

----, ----------
3 ~~ Range 5·8-7·0 

Mean 6·45 
, , 

Range % of 13·3-15·0% 
a.N·L. 

Mean' ·14·1% 

(6) Rattus manipulus mani- 3 erer Range 5·9-6·0 
pulus 

, , Mean 6'0 

Range % of 14·6-15·9% 
O.N.L. 

India (Assam & Manipurl & Mean 15,4% 
W. Burma. 

-----
6 ~~ Range 5·5-6·0 

Mean 5'7 

" Range % 
O.N.L. 

of 15'0-16'4% 

Mean 15'5% 

Orb. 1 

10·9-11'6 

11·4 

33'5-34'9% 

34·1% 

11·0-11·3 

11·2 

32'8-34'0% 

33-4% 

15·0-15·4 

15·2 

31,4-31'6% 

31·5% 

14·4-15·6 

14·9 

32,3-33,5% 

,32,9% 

11·8-12·6 

12·15 

30·7-31·8% 

31,3% 

11-5-12·0 

11·8 

31'5-33'3% 

32,3% 

Mand.l 

15'6-16'6 

16'2 

48'3-49'5% 

49,0% 

16'5-16·6 

16·6 

49'5-49'5% 

49'5% 

26·4-27·0 

26·7 

55,1-55'7% 

55,4% 

24·4-26,4 

25,3 

54,5-56,6% 

55,6% 

20·2-21·6 

54·0 

52·7-55'5% 

54,0% 

19·8-20-4 

20·2 

54·4--5"0% 

55'2% 



TAB-lB 11.-Measurements (in mm.) oj mandibles 0/ species of Rattus Frisch (sub/amily MU1inae, family Muridae). .... 
\C 

Abbreviations-As in text. ~ . 
'--' 

Range 
Name ofspecie~ No. and sex and G.L.M_ Mand.l_ Max. w. L. mol. 1. L. diast 1. 

Mean 

(1) Rattus rattus arboreus 8 ~J Range 20-4-22'6 19·71-21·7 10'6-12'4 6'0-6'8 5-0-6'0 

Mean 21'S 20·8 11-66 6-5 S'36 > 
~ 

" Range % of 52"2-55'4% 28'2-21'3% 23'1-27'0% 
G.L.M. ~ Mean 54'2% 29"8% 24"% t"'f 

6 ~~ Range 20'3-22'0 19.5-20'5 11'0-12'1 6'0-6·4 4'9-5'8 
~ 

Mean 21-1 20'0 11'5 6'25 5'4 ;: 
;::: 
~ 

" Range%of 52-8-55'7% 28·4-31'0% 23'7-27·9% ~ G.L.M. 
Mean 54.7% 29.4% 25'3% c ..., -. 

(2) Rattus full'escens fulvescens ~~ Range 17"3-20"0 16'3-19-4 9·1 5'5-5'8 4'0-5'4 ~ 
S' ...... 

Mean 1S'S 17'9 9-1 5'64 4'74 ~ 
<:) 

" Range % of 49'2% 27'5-32'6% 21'9-27-1% f} 
G.L.M. ~ 

Mean 49-2% 30'0% 25'1% ;;:-

8 ~~ Range 17"0-18'8 16-1-18'2 8'S-9-1 5'1-5'7 4'2-5-0 
Mean 18-2 17-3 8'8 5'45 4'5 

" Range %of 48'0-50'0% 27'8-32'3% 23'1-26'6% 
..- G.L.M • 
0\ Mean 48'8 30'16% 25-0% N > "-l 

~ 



N 
-..J 

TABLE 17.-Measurement (in mm~) 0/ ma~~ibJes ~f species 0/ R~ttus Frisch .C!..ubjamily M.u.ri(lll.e, ft;lm~rr Murlda~).-contd. 
t-.,) 

~4bbreviations-As in text. 
Range 

Name of species No; and sex and ·G.L.M. ~~~~ .. 1. Max. ·w. L. mol. 1 L. diast 1. 
Mean 

(3) Rattus rajah suri/er 4aa Range 22·~-25·0 21'2-23·3 10·2-~ 1-1·3 S·1~·S 6·0-7'2 ~ 
.M~ 23·5 21·9 10'8 6·1 6'S 8 

'- . ... 
Range 0/ of - - 4S·2--41·6% 23·4-27·7% 26·7-28·8% ~ 

,; 

G.L~M. 
/0 - , . 

~ 
,)4ean .46'1% ~6'OS% 27'6% ;.;. 

~ 

S ~~ ~~e 19·+-::21'4 18· 3--:-:20·0 9·,2-9·7 5'8-6·3 S~-S'9 ~ 
Mean 20·) 19·3 9·4 6·0 S'S s.. 

~. 

Range % of 45·3-47'6% 28·S-30·0% 26·2-27·5% 
:1 

" ~ G;LM. 
Mean 46'1% 29~4ro 26-.8% 

.~ 
- I 

! (4) Rattus cutchicus siva 4aa ·R~e 16·6-17'5 15·6-16·6 7·6-8'0 4·~·9 3·7-4·1 
Mean 17·0 16'2 ' 1-.8'· .)4-8 3'9 

" 
Range 
G.L.M. 

% of - .~ 43'4--46'7 % 27·~·9% 2105~306% 

Mean - .. 45-6% 28-1% 22-9.% 
I 

2 ~~ Range 17'S-17'9 16'S-16'7 8'0-8·1 4·8-S·0 4·1-4'4 
Mean. "17·7 160

(; 8·05 4'9 ·4·15 

~ 
" 

Range % ,of -- 45·5--45·7 % 27.4-2802% 23'0-2S'0% 
G.L.M. r 
.~~ ...- .4506% 27'8% 2U)% g 

\e 



TABLE 17-concld. ta 
(~) RattllS bswersi mackenziei 2~~ Ranse 27-8-28'0- 26'4-27·0 14'0-14·1 7'7-8'3 7·3-7·6 

~ 
.:..... 

Mean 2!l'9 26·7 14·05 8·0 7·5 

" 
Range 
G.L.M. 

% of 50'3-50°5% 27'8-29'6% 26'1-27'·6% 

Mean 50'4% 28'7% 26·~% 

3 ~~ Range Z5'7-27'6 24,4-26,4 12'6-14·4· 7·6-7·9 6·7-7·4 ~ 
Mean 26·6 25·3 13·3 7·7 7·1 ~ 

n Range % of 48'3-5&1% 27'9-30'7-% 26·0.:-27·1 % ~ G.L.M. 
Mean 49'8% 29'1% 26'6% 

~ 
~ 
;::: 
"'-l 

(6) RattllS manipu!uf manipu!Us 4 ~~. Ranae 21·5-23·3 20·2-21-6 11·0-12·6 5·6-5·7 5·9-6·5 
~ 

Meaa 22·5; 21-1 11'9 5'65· 6·15 C ., -. 
Range % of 51'1-54'0% 24'0-26·0% 27'0-27'9% 

~ 
~. 

G.L.M. a· 
Mean 52'5% 25'0,% 27·3% --. 

~ 
~ 

~ 
~ 

S ~~ Range 21·2-21·9 19'8-;-20'4 10'9-11·45 5'5-6·2' 5-5-6'5 ..... 
~ 

t.lean 21'S 20'2 11-1 5·8 6·0 

Rianse % of 51·1,-52'3 % 25'8-28'·4'% 25'9-30'0% 
G.L.M. 
Mean 51'5% 26~9'% 28'0% 

tv 
~ -----..-.-. -. w 



274 Records of the Indian Museum [VOL. 60, 

TABLE 1S.-Measurements (in mm.) of skulls of subspecies Bandicota 

Name of subspecies Range 
and distribution No. and sex and 

Mean 

(I) Bandicola bengalensis 6 c1c1 Range 
bengal end I 

Mean 

II Range % of 
O.N.L. 

Mean 

. 
India (Orissa, Bengal, 10~~ Range 

Assam), Nepal. Bhutan 
&: W. Burma, Mean 

" 
Range % of 

O.N.L. 

Mean 

(2) Bandicota bengalensll 8 c1c1 Range 
Ic,ok 

Mean 

" 
Range % of 

O.N.L. 

Mean 

India (Southern and 8 ~~ Range 
Western) & W. Pakistan 

(Sind). Mean 

" 
Range % of 

O.N.L, 

Mean 

(3) Ba"dicota bengalensil 1 ~ Range 
,.,ardl 

>-India (Kashmir). 2 ~~ 

" 

(4) BtJndicof. bengalelUI, 2 i1~ ,,12"". 
II 

Burma ('toUDKOO), 

% of 
O.N.L, 

Ranae 

Mean 

Range % of 
O.N.L. 

Mean 

I: 

Range 

Mean 

Range % of 
.O,N,L, 

Mean 

O.N.L. 

38·.5-42·3 

40·3 

37'2~1'1 

38'9 

37·4-40·9 

38·8 

36'0-39'7 

37'5 

41'0 

37'7-42'6 

40'2 

39'0-44'2 

41'6 

Abbreviations-

C.B.L. 

39·8-44·7 

42·4 

38·7-42·.5 

40·.5 

38'7-41'6 

40·4 

36'9-41'0 

38'9 

39'7-44'7 

42'2 

40'0-46'1 

43'1 

O. zyg. w. 

24·1-2.5'7 

2S'0 

59·4-64·9% 

62·0% 

22·8-2S·7 

24·2 

60·6-65'5% 

62·6% 

21·5-24'8 

23·4 

57'5-63·2% 

59'7% 

21'6-23'6 

22'8 

59'0--60'9 % 

60'0% 

25'0 

150'9% 

22'.5 

22'S 

.57'7% 

.57'7% 
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bengalensis Gray and Hardw. (su~/amily Murinae family Muridae,) 

As in text. 

L.i.o.w, T.b.t, Nas. t, Pal. 1. Mol. 1. A.p.f. Diast, 1 

5'8-6-5 S'6-9-5 It·9-13·6 23'7-26·6 7·0-7·6 7·I-S·5 11'0-14·2 

6·1 9,1 12·5 25-0 7-3 7·9 12·6 

14'0-17·0% 21-5-23·6% 2S-8-33-3% 61·5-63-1 % 16'5-1S'S% IS'4-20'0 ~" 2S'7-33-5% 

15-2% 22'5% 30:9% 62'1% IS·0% 19-5% 31-1% 

5'6-6,7 S·4-9·3 11-0-12'4 22·4-25-0 6-7-7'7 7·0-S-6 11'2-12-8 

6'1 8·8 11-75 23-S 7-25 7-S 12-0 

14'9-16'4% 22-1-23'2% 29-2-31-2% 59'4-63-0% 17-S-19'3% IS·S-22-2% 29·3-32'0% 

15·7% 22-6% 30·2% 61-4% IS-6% 20'1% 30·6% 

5'6-6'1 8'I-S-6 11-6-13-4 22'7-24'7% 6-S-7'S 6'7-7-9 11'1-12·7% 

5·9 8·3 12-2 23-7 7-35 7·5 12·0 

14-2-15-9% 20'5-22'1% 30·3-32·7% 59-1-62-1 % 16-6-20-6% 17·9-20·4% 29·6-31·7 Yo 

15'1% 21'3% 31'4% 60·8% IS'9 % 19-2% 30,7" 

5'6-5'6 S-I-8'7 10'6-12 .. 3 21'5-23'5% 6'9-7'7% 6-5-7'5% l ~ ·~-11·5% 

5'8 8'3 11'3 22-3 7·4 7-06 11·0 

14'8-16'3% 20'6-23'5% 28-8-31'5% 5S-1-59-9% 19·2-20-7% 17'3-20'4% 2S-7-30-6% 

15'4% 22-2% 30'06% 59-4% 19'7% 18-8% 29·4% 

,·s 9'3 13'1 25-2 7·7 7·3 12·2 

15'8% 22-6% 31'9% 61·4% IS-8% 18'0% 29-7% 

6'1-6'7 8'I-S'S .11-7-13'8 23-5-26-S 7'5-S-0 7-S-S'S5 11-4-13'~ 

6'4 S'45 12'S 25-2 7·75 S'35 12-3 

15'7-16'3% 20-6-21'5% 31-0-32-5% 62-0-63-0% 17·7-21-2% 20'6-20-7% 30'2-30'9% 

16'0% 21'0% 31'7% 62'5% 19'4% 20'6% 30-5% 

6'1-6'4 S'4-9-3 12'5-15'1 23·4-27'1 7'1-7·2 7-6-S'S 11-5-14 

6'25 S-S5 13'8 25,2 7·15 8·2 12-9 

4'4-15'6% 21 06-21'5 Y. 32'0-3402 Y. 60-0-61,3% 16-0--18·4% 19-5-20·0% 29-6-32-1% 

15'0" 21'2% 33'1 "- 60·6% 17'2% 19-7% 30-Sy' 



27.6 R.ecord6 ()f the Indian M U$eum [VOL. 6'0, 

TABLE I8.-Measurements (in mm_) of skulls of subspecies Bandicota 
bengalensis Gray and Hardw. (subfamily Murinae, family 
M uridaeo )-concld. 

Abbreviations-An in text. 

Name of subspecies No. and Sex Roast. w. Orb. 1. Occiput Mand.l. 
~nd .d iUribution 

- . ~- --
(I) B.qndicota bengaiensis 6crcf 7·6-8·7 14·7-15·7 5·7-6·7 23·7-25·8 

bengalensis 
6·0 25'2 8'2 15'1 

19-5-21·3% 36'2-38'5% 13·8-15·8% 60-6-64,1% 

37'5% 20-4% 14·8%, 62'2% 

~n4i§ (Orissa, Bengal, IO~~ 1'0-8-5 13-0~15'0 '·7-6·, 22-7-25'6 
Assam), Nepa • Bhutan 
& W. Burma. 8'0 14·3 6·15 23·7 

18·9-21'5% 34'5-38·4% 14·8-16·5% 60'2-64'1 % 

20'4% 37'05% 15'8% 61·4% 

(~) ~%.d;cota benga/enst' ~c1~ 7'O~8'5 13~4-15'8 '·6-6-3 22·9-25·4 
leo • 

7'7 14·7 6'1 24·0 

18'7-20'7% 35·9-38-6% 14'9-16'8% 60-1-65-1% 

19-9% 37,8% 15'7% 61'8% 
I 

India (Southern and 8~~ 6·9-7'8% 13'5-14-4 5·3-6·3 22'3-23'8 
W .. sterQ) &. W. P~ki$tl}n 

{Sind). 7'3 13·8 5·6 22-9 

18'6-20'7% 35'2-38'2% 14·2-16·0% 58'9-63-4% 

19'5% 36!9% 14·9% 61'2% 

.... =t' 4 ---I , # • t 

(3) IIqndicota bengqlf!/lsis lcf 8'1 
wardi 

14·9 6·6 25-2 

19'7% 36'3% 16'1% 61·4% 

India (Kashmir) 7·8-8'5 14·4-16'8 5·4-6·3 24·1-26'1 

8'1 15·6 5·9 25'1 

20·0-20'6% 38·2-39-4% 14·3-14'7% 61-2-63-9% 

20·3% 38·8% 14'4% 62'5% 

(4) {l""dlcota bengaiensl6 2crcr 8'S-:":l IJ-2~15'2 '·8-7'1 23'5-25'1 
'art ... 

8-9 J.402 6·4 24-3 

10·9-21·1% ZU:8-34·S% 15;O-Ui'6% 56'7_60-2% 

ffQJPta (Toungoo) 21·3% 34·0% 15-8% 58·4% 

... .....---



TABLE 19.-Measurements (in min.) of mandibles of subspecies oj Bandicota bengalensis Gray & Hardw. (su~Jamily ..... 
~ 

Murinae, .family Muridae). ~ 
L 

Abbreviation-As in text. 

Name of specie$ No. and sex 
Range 

and G.L.M. Mand.l. Max. w. L. diast. 1. L. mol. 1. 
Mean 

~ ---- ~ 
(1) Bandicota bengalensis 6~~ 25·2-27·8 7·2-8·0 

t.t 
Range 23·7-25·8 15'7-17'0 6·3-7·2 .~ 

bengaiensis 
~ Mean 26·5 25·2 16·2 6·85 7·6 
t: 

Range % of 56·4-64·2% 25·0-27·5% 25·9-31·1°k 
;:::: 

" 
~ 

G.L.M. ~ 
Mean 61·1% 25'9% 28.9% c ..... §. 

~ 

~ -.. 
~ 
<::) 

10 ~~ Range • • 24'3-27·1 22·7-25·6 14·0-16·7 6·0-7·2 6'7-8·0 ~ 
::=: 

Mean • 25·3 23·7 15·1 6·9 7'35 ~ 

" Range % of 57·6-62'5% 24'9-29·4% .26·9-32·1 % 
G.L.M. 

Mean 59'8% . 27·1 % 29'1% 

N ....... 
------~---.--- ---------------- -...) 



TABLE 19.-J(easuremenJ3 (in mm.) of.mandibles of subspecies 0/ Bandicota bengalensis Gray ~ Hardw. (subfamily ~ 
~ 

Murinae, family Muridae).-concld. 00 

Abbreviations-As in text. 

Range 
Name of species No. and sex and G.L.M. Mand.1. Max. w. L. diast. 1_ L. mol. 1. 

Mean 

~ 
~ 
(") 
<::> 
""'l 

(2) Bandicota bengaiensis kok 86-6- Range 24·4-26·7 22·9-25·4 15·2-16·5 6·4-7·3 6·8-7·8 e.. 
~ 

Mean 25-3 24·0 15·8 6·8 7·3 ..... 
~ 
~ 

" 
Range % of 61·6-64·6% 25·8-28·0% 26·2-30.9% ~ G.L.M. S. Q. 

Mean 62·8% 26·9% 29·05% ~ 

~ 
C 
~ 
$: 

~ 
8 ~~ Range 23-1-25·8 22·3-23·8 14·2-16·6 5·75-7·0 6·7-8·0 

Mean 24·1 22·95 15·2 6·3 ,·s 

" 
Range % of 58·8-66·5% 24·8-28·9% 29·2-33·9% 
G.L.M. 

Mean 63-1% 26·0% 31·0% ~ 
r' 
0\ 
0 

"" 



l31 Bandicola bengalensis ward; 2~~ Range . 26'1-26'3 25·0-25·2 16 .. 3 7-1-7-2 7-6-8·1 
• 

Mean 26'2 25-1 16'3 7-15 7-9 

" 
Range % 
G.L.M. 

of 62·4% 27'1-27'5% 29·1--:,31"0 % 

Mean 62'4% 27'3% 30'0% 

> 
~ 

2 ~~ Range 25·9-28'0 24'1-26-1 15·7-17'7 6·7-8·0 7·6-8'1 ~ 
~ 

Mean 26-9 25'1 16-7 7-3 7·8 

~ 
Range % of 60'5-63·1 % 25'8-28·5% 27·8-29·7% 

I:: 

" 
;::: 

G.L.M_ f'-2 

~ 
Mean 61·9% 27·1% 28·7% c 

""& -. 
~ 
~ ...... 
~ 

(4) BandicotQ bengalensis varius 2~~ Range 25·5-27-6 23·5-25·1 14'8-16·5 7·2-8·2 7·1-7·5 <:) . 
~ ::s 

Mean 26·6 24-3 15·7 7'7 7'35 t:-

" 
Range % of, 58·2-59-9% 28·2-29'7% 26'1-29'4% 
G.L.M 

Mean • 59·0% 28·9% 27'7% 
N 
........ 

'" 
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TABLE 20.-Measurements (in mm.) of skulls of subspecies of Bandicota 

Abbreviations-

Name of species No. Range 
and distribution and and O.N.L. C. B.L. O. zyg. w. L.i.o.w. 

sex Mean 

(I) Bandicola indica 
indica 

1<3' Range 59·9 61·1 33·7 9·05 

,. %ofO.N.L. 56·3% 15·1% 

India (West 2 ~~ Range 57·0-59·8 57·5-62'1 31'3-32'7 8'5-8·8 
Bengal). 

Mean 58·4 59·8 32·0 8·7 

" Range % of 
O.N.L. 

54·6-54'8 % 14'8-14'9% 

Mean 54'7% 14'85% 

4- Range 49·2-63'1 49'3--64'3 25·65 7·6-9·4 

Mean 55'7 56·6 25·65 8·3 

" Range % of 
O.N.L. 

52·1% 14'5-15·4% 

Mean 52'1% 14'9% 

(2) Bandicota indica 1<3' Range 54-5 29'4 8·1 
nemorivaga 

%ofO.N.L. 53·9% 14'8% 

India (Bengal, 2 ~~ Range 49·6-55·4 50·2-54·8 27'1-29·8 7·2-8'0 
Assam), Nepal 

'·6 and Burma. Mean 52'5 52'5 28·45 

" Ran,e % of 53'8-54'6% 14'4-146% 
O.N.L. 

Mean 54'2% 14'5% 

I-

6- Ranae 57·1-59·1 57·6-59'5 30'0-31'2 "5-8·0 

Meab 58·1 58'4 30'45 7·85 

.. , Range % of 
O.N.L. 

52·3-52·7% 13'1-14·2% 

Mean 52.5% 13'5% 

(3) Bandicola indica 2 <3'~ Range 41·0-43·3 41·4-43·7 5·9-6·2 
slIvilei 

Mean 42·15 42·5' 6·05 

. , Range % of. 14·3-14·11 % 
O.N.L. 

Burma (Mt. Popa). Mean 14·3% 

2 ~~ Ranae 44·7 --46'2 45'1 -46'2 24'4 6'5-6'7 

Mean 45·45 45·65 24·4 6-6 

Range % of 
O.N.L. 

54'5% 14'5-14-$% 

Mean 54'5% 14·5% 



1961], AGMWAL: Skulls of Oriental Rodents 

indioa Be.chstein (s.&(b/amily Murinae, family Muridae). 

As in text. 

T.b.l. Nas. 1. Pal. 1. A.p.r. Mol. 1. 

10·0 24·8 36·3 11·0 9·8 

16·6 41·4% 60'6% 18·3% 16·3% 

.. - k 

9·2 23'5-24·3 34'1-37'9 10·3-11·85 9'5-9·8 

9·2 23·9 36'0 11·1 9·65 

16·1% 40'6-41'1% 59'7-63'3% 18·0-19·8% 15·8-17'2% 

16'1% 40'9% 61'5% 18·9% 16'5% 

8.'5-9'6 18'7-26·1 29-2-37'9 8·5-lJ·O 9·0-9·9 

9'_0 22·0 83·9 10·2 9·6 

15·3-17·9% 37'6-41·3% 59'3-60'5% 17'2-19·8.% 15·3-19'7% 

16'2% -39-3% 60'0% 18·25% 17·3% 

9'3 19·2 33·8 10·4 9·15 

17·0% 35-2-Yo 62'0% 19-0% .(6'8% 

8·6-10·2 16'5-18·7 29·0-32·5 8·3-10·3 8-9-9·4 

9·4 17·6 30'7 9·3 9·15 

17·4-18'5% 33'2-33·8% 58'4-58'8% 16'7-18-5% 16·9-17-9% 

17·9 % 33·5% 58'6% 17·6% 17'4% 

9·2-10'5 20·3-22·3 34'0-36'4 9'4-10·7 8·6-9·45 

9·95 20'85 35·0 10·0 9·15 

15'5-18·2% 35'3-37'7'% 59'0-61'5% 16'2-18·1 % 14·9-16'2% 

16·8 % 35,85'% 60'2% 17·0% 15·7% 

8·3-8·5 13·5-14·7 23·8-25·4 6·6-7·9 7·8-8·2 

8·4 14·1 24·6 7·2 8·0 

19·7-20·3% 32·9-33'9% 58,1-58'7% 16'1-18f 2% 18·1-20·0% 

20·0% 33·4% 58·4% 17·1% 19·1% 

8·2-8'5 15·8-16'0 26·2-27'0 7'6-7·9 8·1-8·7 

8-4 15·9 26·6 7·8 8·4 

18'4-18·4% 34·6-35'2% 58-4-58-4% 17'0-17·1% 18,1-18·9% 

18-4% 34·9% 58'4% 17'0% 18-5% 

281 

Diast. 1. 

19·15 

31'9% 

17·7-20'5 

19·1 

31'0-34'3% 

32'6% 

14'7-20-3 

17-7 

30'0-33·3% 

32'1% 

17·25 

31-6% 

14-7-17·1 

15·9 

29'6-30'8% 

30'2% 

17·3-19·1 

18·0 

30'1-32'3% 

30'9% 

10·7-12·3 

11·5 

26'1-28'5% 

27."3% 

12·6-12'8 

12·7 

27'6-28'2~ 

27·9% 
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TABLE 20.-Measurements (in mm.) of skulls of subspecies of Bandicota 
indica Bechstein (subfamily Murinae,/amiiy Muridae).-concld. 

Abbreviations-As in text. 

Name of species No. Range 
and distribution and and Rost. w. Orb. 1. Occiput ManeL 1. 

sex Mean 

( J) Bandicota indica 1 0 Range 13-2 20-0 9-8 35·5 
in:iica 

, , % ofO.N.L. 22-0% 33-4% 16-4% 59-2% 

India (WeSt 2 ~~ Range 12-0-12-7 IS-3-20-0 10-0 33·6 
Bengal). 

Mean 12-4 19-2 10-0 33-6 

" Range % of 
O.N.L. 

21-0-21-3% 32'1-33-4% 16-7% 58·8% 

Mean 21'15% 32·7% 16·7% 58·S~ 

4 Range 9·S-13·5 16-4-20·5 S-S-9·6 30·7-36·8 

Mean 11'4 IS'5 9·2 '33·7 

Range % of 
O.N.L. 

19'4-21'4% 32'4-34'0% 15·2-16·5% 57·8-58·4% 

MeaD 20'4% 33'2% 15·9% 5.·2~ 

(2) Bandicota indica 
nemorivaga 

1 ~ Range 11'9 20'1 

%of O.N.L. 21'8% 36·S% 

India (Bengal, 2 ~~ Range 10-0-11·0 17·S-19·6 8·0-9·2 28·6-32·6 
Assam), Nepal 

30·6 and Burma. Mean _10'5 IS'7 8·6 

" 
Range % of 
O.N.L. 

20'0-20'1% 35·3-35·S% 16'1-16'6% 57·6-5S·8% 

Mean 20-0% 35'5% 16'3% 5S·2" 

6 Range 11· 3-Afr.13· 5 20'5-20·8 8·1-9·4 32·S-35·5 

Mean 12·4 20·7 S'7 34·3 

" Range % of 
O.N.L. 

19·6-22·8% 35·0-35'9% 14·0-15·9% 56·7-60'0% 

Mean 21'3% 35'56% 14·9% 58·6% 

(3) Bandicota indica 2 crcr Range 7·S-8·1 15·6 6·6-6·7 23·7-25·5 
savilei 

Mean 8·0 15·6 6·65 24·6 

" Range % of 18'8-19·0% 38'0% 15·2-16'3% 57·8-59·0% 
O.N.L. 

Burma (Mt. Popa). Mean 18'9% 38'0% 15'7% 58·4% 

2 ~~ Range 8·6-8·6 16·4-16'5 7·3-7·3 25·8-27·8 

Mean 8·6 16-45 7·3 26·8 

Range % of 18·7-19·3% 35-5-36'8% 15'8-16·3% 57·5-60'1" 

" 
O.N.L. 
Mean 19'0% 36'1% 16·1% 58·8% 



TABLE 21.-Measurements (in mnl.) oj mandibles 0/ subspecies oi Bandlcota ind1ca bechsteln (subfamily Murinae, ~ 
\0 

family Muridae). 0\ 
f:\.) 
.:-., 

Abbreviations-As in text. 

No. Range 
Name of subspecies and and G.L.M. Mand. 1. Max. w. L. diast. 1. L. mol. 1. 

sex Mean 

~ 
(1) Bandicota indica indica 1 ~ Range 39·1 35·5 21·6 11'0 10·4 ~ 

~ 
" 

% ofG.L.M. SS·3% 28·2% 26·'% > roc 

2 ~~ Range 36·4-40·1 33·6-37·8 20·2S-22·5 10·0-11·4 9·9-10'3 ~ ;: 
;::: 

Mean 38'3 3S'7 21'4 10·' 10'1 
~ 

~ 
" 

Range % of S4·1-SS-3% 27'S-28'5% 25-6-27-3% c 
G.L.M. .., -. ~ 

~ 
Mean 54'7% 28'0% 26-S% toot. 

~ ....... 
~ c 

3- Range 34'7-39·0 30·7-36'8 19-0-22-6 10'4-11·0 9·8-10·6 ~ 
~ 
~ 

Mean 36·6 33·7 20-9 10·8 10·2 ~ 

" 
Range % of S4·9-58·2% 28'3-30·0% 27'2-28'2% 
G.L.M. 

Mean 57-0% 29'4% 27·8% 
N 
00 

~----~- w 



TABLE 21.-M eaJurement (in mm.) 0/ mandibles 0/ subspecies o/Bandicota indica Bechstein (sub/amily Murinae, 
jaf1!,ily M uridae ).-concld. 

A.bbreviation-As in text. 

(2) Bandicota indica nemorivaga 2 ~~ Range 29'8-34·2 28'6-32'6 20·8 7'6-9'7 9"2-9,5 

Mean 32·0 30'6 20·8 8·7 9·35 

" 
Range % of 60'9% 25'5-28'3% 27'9-30'9% 
G.L.M. 
Mean 60'9% 26'9% 29'4% - 3- Range 34·3-36·6 32·8-35'5 19·4-21·6 9·1-9·2 9·4-9'6 

Mean 35·5 34'3 20·55 9·15 9·5 

" Range % of 56'2-60'8% 25'9-26'5% 27'1-27'4% 
G.L.M. 
Mean 51'9% 26'2% 27·25% 

(3) Bandicota Indica savilei 2 c1~ Range 25·0-26'8 23'7-25'5 15·0-16·3 6'5-6·9 8'O-S,S 
Mean 25·9 24·6 15·7 6·1 8'4 

" 
Range % of 60'0-61'0% 25'7-26·2% 30'0-35·2% 
G.L.M. 
Mean 6~'5% 25'9% 32'6% 

2 ~~ Range 27·1-28·7 25·8-27'8 16·5-17·4 6'3-7'4 ·8'4-8'8 
Mean 27·9 26'8 17·0 6·85 8·6 

" 
Range % of 60·8-60'8% 23·2-25'7% 30·6-31'1 % 
G.L.M. 
Mean 60'8% 24'5% 30-9% 

~ 
~ 
("') 

~ 
f} 

~ 
:;. 
~ 

S' 
~ S· 
~ 

~ 
~ 

§ 

r--a 

~ 
~ 
0\ 
P 



.... 
-...l 

TABLB 22.-Measurements (in mm.) of skulls of subspecies of Nesokia indica Gray tI Hardw. (subfamily Mur;na~, 
family Muridat-). 

Abbreviation-As in text. 

No. Range 
Name of species and and and O.N.L. C.B.L. G.ZYI.w. L. i.o.w. T. b. 1. Na.1 

distribution sex Mean 

(1) N~sokia indirQ hutton; 5&& Range 38·0-42·9 39·1--44·9 24·1-28·3 5·8-6·S 7·S-8·3 11·6-13·7 

West Pakistan Mean 40·36 41·8 26·27' 6·2 8·1 12·35 
". 

(Baluchistan) Range % of 
O. N.L. 

63-4-65'9 Y. 14·6-16·0Y. 20-0-20'8 Y. 29·3-31-9Y. 

and Afabanistan. 
Mean 65·0" 15-36y' 20-4% 30'55" 

4 crcr Range 37·2--41·8 39'0--43-4 24·~-27·8 '·9-6'5 7-5-8-5 11'2-13·3 

Mean 39·25 41·0 26·2 6·25 1-0 12·1 

Aange % ot' 
O.N.L. 

64·S-69·0Y. 14·1-16·9 :~ 20·1-20·S ~~ 29·1-31·9Y. 

Mean 66·8Y. 16·0Ye 20·3Ye 30'HY, 

1f~sQk;"'indicQ indica 7 ~~ Rango 34·9-40,2 37·4-41·7 24·7-26·0 f'1-6'3 7·2-7·95 9'5-11·'" 

Mean ~7'1 38-7 25·2 ~.! 7-54 10·5 

It Range % gf 
O.N.L· 

64'6-68·0% 1'·2-18·0Y. 18·7-21-8% 2'·8-29'2% 

India (RajPstban, Punjab, Mean 661" 16'3 Y. 20'3~' 28<'~~ 
JtiI. Uttar Pradesh) and 
F. F. W. Pakistan. . " 

> 
~ 

~ 
~ 
> 
t""4 

~ 
== ;::: 
~ 

~ 
C ., -. ~ 
~ ..... 
~ ...... 

~ 
~ 
~ ..... 
~ 

~ 
GO 
'-'-



TABLE 22.-Measure~e..ts (in mm,) ofs"~lls o/subspecies o/Nesqkia indica.Gray ~ BOl'tlw (subfamily MUllnae 
family Muridae).-concld . 

.Abbreviation-As in text. 

Name of speciqAlld 
No. Range 

and and Mol. 1. Pal. 1. A.p.r. Diast. t. Ilolt. w. Orb. I, Mand. 1. Oecipllt distribution lex Mean 

( 1) N esokia indica, hut,tonl serer Range 7·7....:.8·2 23'1-26·9 3·6-5'2 11·7-14'3 7·3-8·8 15·4-17·6 24'2-17·7 !5·S-7·4 
Welt Pakistan Mean 8·0 25·0 4'33 13·0 8·24 16·2 26·0 6·5 
( Baluchistan) Range % of 18·0-21·7 y. 60·8-62·9 Y. 1·9-13·2% 30·8-33·3Y. 19·2-21·6% 37 ·9---i 1· 3 Y. 63· 3--66·4 Y. 13~17'7"-

and O.N.L. 

Afabanistan. Mean 19·8Y. 61·9% 10'7% 32·2Y. 20·3Y. 40·2Y. 64'4% 16'0" 

4crcr Range 8·2S-8·S 23·2-25·7 3·45--4·55 12·0-13·1 7·6-8·4 14·9-17·0 24·7-27·6 5·7-7·5 

Mean 1·39 24·6 3·95 12·8 7'9 15'9 26·0 6·4 

" Range % of 19·7-22·3 Y. 61'4-64·2 Y. 9'2-10·1% 31'9-33'Zy' 18·5-21'1 Y. 40·0--40·9 % 65-6-67·3% 14'9-17'9% 
O.N.L. 

Mean 21'1 " 62'73~ 10-0" 32-6" 20·tS" 40-45% 66·3" 16·0,,-

(2) Ntlokia indica indica 7~~ Range 7·0-8-2 22·7-25·8 3.2-4,7 11·S5-13·7 7·8-8·2 14'1-15'7 23·3- 24·2 5·'-7·0 
Mean ,., 23·85 3·95 12·4 1·0 15·2 23-8 6·2 

" Range~ of 19·1-'21'7% 62·6-66·4 Y. 9·3-12·~.% 32·0-34·8% 20·5-22·7% 39·1~2·3% 63·0-69·3% lS·2-18·0U 
O .. L. 

(Rajasthan, Punjab, Mean 20·5% 64·3 Yt. 10-6% 33-5 " 21·5% 40-8% 66·1% 16·8% 
I ndiaUttar Pradesh) and 

N .. F. W. Pakistan. 
F 

-. ... "II 

~ 
~ 
<:) .... 
e.. 
~ ..... :::-
(\ 

~ 
e. 
~. 

;: 

~ 
~ 
~ 

~ 

~ 
tot • 
0\ 
0 
~ 



TABLE 23.-Measurements (in mm.) of .skulls 0/ species of Rbizomys Grity (famity Rhizomyidae-)~ \.I 

It . 
N 

Abbreviations-As in text . .:....a 

.. 
No. Range 

'·O.N.L~ T.bJ Nas 1. Name of species and and and C.B.L. G. ZYI. w. L.i.o_w. 
distribution sex Mean 

.---- -- ,--~ ..... ---
(1) RhlzDmY8 s.",atrensis 

cilferell.f 
244 Radie 67-5-68-6 74-2 53-3-55'5 11~4-12-8 13·25 23'2-23'3 Y. 

~ 
Mean 68-1 74·2 54·44 

4,\ 
12·2 13·25 23'03 ~ 

'2 cJcJ Range Yo of 78·9-80·9% 16·6-18'9% 19·3Y. 34-0-34-3% ~~ O.li.L. 
t" 

Burma. Indo-China" Mean 75'9% 17-75% 19-3% 34'1~~ .. 
Slam. \ 

4 ~~ Range 68·2-76-$ 76·1-84·6 56·7-63·8 11-4-13·7 13-60-16'0 24'4-28-8 ~ ;::: 
Mean 72·4 79·8 60·3 13·0 14-9 

~. 

26-06 U 

.. ¥~ Range % of 80-7-88'0% 16-7-19-3% 18'5-22-2% 35·7-38-6% 
~ 

· O_N.L_ C ..... 
Mean 8),4% 18·0% 20'45% 36-65" 

..... 
~ -- .... --., .. ......,. .............. --------..... ~' ...... 

(2) Ithl~Dmys pruinDslis Id Ran,o 60· 4·8 47'1 10·3 13·0 24-1 ~ 
,r.IftDlltS c::> 

% ot O.N J .. 17-0X 
, ~ 77·6X 21-2y' 39-7% := 

.... -----........-.-..--- . ~ 

ladia(Assam), E_ Budi£l, 4 S~ .R~c 62,4-72·0 ~6'7-7S'6 47·3-53-7 9'6-11-3 10-9-14·0 22-8-29-4 
Yunnan Malaya \ A c '. 

..... IndO-China. Mean 65·6 7~·3· 50'6 10·4 I. 13-0 25'1 ~f 

> 4 ~~ Range % or 
O.N.L. 

74-5-79·2% 14·9-18·1% 17'0-21-7 36'S-4~'8% 

Mean 76-5% 15·9% 19'7% 39-0% "-> 
00 
........ 



TABLE 23.-Measurement3 (in mm.) o/skulls o/species o/Rhizomys Gray (family Rhizomyidae).-concld. ~ 
00 
00 

Abbreviations-As in text. 

Name or Ic:iel and 
No. Range Loc. 
and and Nat.w. Pal. t. A.p.f. Mol. t. Dialt. t. OccIput (w. &. at.) Mand. t. 

distri ution f sex Mean 

a • 

RhizomYJ ~'lImatl"nli' 2 ~cf Kanae 10·4-10·' 44,7-46·7 7·3-7·1 13-2-13-, 22-8-23-3 16,8 5-5&4'7 49·3-S0.0 
ein'''lIs. S-6&4-6 

Mean 10·6 45·7 7-55 13'5' 23·1 6·7 5-5&4'6 49-7 ~ 
244 Range % of 15'3-15'7% 66-2-61-0% 33·8-33·9 24-4y' 72-8-73-0y' 

~ 
10-6-11'5% 19,6-19-6 Y. a O.N.L. ... 

Burma, Indo-Chi". " Mean 15·5Y. 67·1% l1-1y' 19·6Y. 33·9% 24-4% 8·1&6'8% 72-9% f:. 
Siam. 

~ ,-
4 ~~ Range 10·7-12-7 47-2-53-2 7-5-9-5 13·1-13·6 2"0-29-3 16·7-19-2 '-4&4-4 52·7-S8·0 S. 

~ 

Mean ll'~ 49'6 78'4 13'35 26.5 18'1 6·2&5·2 55·1 ~ 
5'6&4,7 Sa 4 ~~ Raage % of 14·2-18·7% 67'2-70-7% 10'1-12'5% 17-6-19·8% 35·6-38-3Y. 23·7-27·1 Y. 75·0--77'2% ~. 

O.N.L. ::t 

Mean Ui'2% 68'65% 11·6Y. 18·45Y. 36·65% 25'0% 7,7&6'5 76·1 Y. ~ ----. ... - ~ 
~ 

RhizomY8 PT.;'! slIr 1 d' Ranle 8·7 40·4 5'5 
]Jl'lIinoJIlS 

13·6 19·2 14·5 4·3 42·S ~ 
% otO.N.L. 14·3% 66·6% 8·8% 22·4% 31·6Y. 23·9% 7·0% 70·1% 

--------~~-------------- ..... ~---.-~ • t 

lndia (Alsam), E. Burma, 4 ~ ~ RaDle 1·1-9·6 39·2-46·8 6·2-7·3 13·1-14·7 19·3-23·6 15·7-17·5 4'9&3·8 42·4--48·9 
Yunnan, Mala,. A 8'0&S'S 
Indo-China. Mean 8·7 42·4 6·7 13-7 20·9 16'S 6'2&4'7 45·3 

4~~ Range % or 
O.N.L. 

12,2-14'0% 6.2·8-65·8 % 9·7-10·SY. 19,0-.22·9 " 30·3-33·3Y. 24'3-]6'4% 69'9-70'4 Y. ~ 
r" 

Mean 13,2" 64'5% 10,2% 21·0Y. 31'8~ 25·1 ~" 9.4&1'2% 69'0% 
. 
0\ 
0 



TABLB 24.-Measurements (in mm.) of mandibles 0/ subspecies of Nesokia indica Gray &: Hardw (~ubfamily Murinae) .... 
\0 

and Rhizomys Gray (family .Rhizomyidae ). ~ 
• ....... 

Abbreviations-As in text. 

Name of species No. and Range and Mean G.L.M. Mand.l. Max. W. L. diast.l. L. mol. I. 
sex 

~ 
(1) Nesokia indica huttoni 5 eS~ Range 25'2-29'1 24'2-27'7 15'2-18-0 6'8-7·7 7'8-8'2 5 

> 
Mean 27-1 26'0 17-0 7'7 8-0 

~ .. 
Scf~ Range % 60'3-63-6% 25-0-27'1% 27'1--31'1 % ~ 

ofO,L.M. ;: 
;::: 
~ 

Mean 62-6% 26-1% 29-6% ~ 
~ -. 

4 ~~ Range 25-2-28'7 25'0-27'6 ·15-0-18'9 6-0-7-4 8-4-8-5 ~ 
S· 

Mean 26'85 26-0 17'0 6-4 8-45 
...... 
~ c 

4 Sf~ Range % 59.5-65'8% 21'7-25'7% 29'4-33'3% 
~ := 

orO.L.M. .(;;'. 

Mean 62-4% 23'9% 31-6% 
III 

(2) Nesokia indica indica 1 ~ Range 24-65 23-3 14-75 5'S 8-9 

%of 60'0% 23-5% 32'7% 
O.L.M. l\.) 

00 
\0 



TABLE 24.-Measurements (in mm.) olmandibles 01 subspecies of Nesokia indica Gray & Hardw (subfamily Murinae) ~ 
and Rhizornys Gray (family Rhizomyidae).-concld. c 

Abbreviations-As in text. 

Name of species No. and Range and Mean G.L.M. Mand. 1. Max. W. L. diast" 1. L. mol. 1. 
sex 

(~) R1fizomys sumatrensis 2~6' Range 50·2-50'5 49·3-50·0 33'4-34'7 14'S~15'S 16'€h16'7 Clnereus 
Mean 50'4 49·7 34'1 15'0 16'4 ~ 

2~&' Range % 66-5-68'7% 28'8-~0'7% 31'9-33-1 % a 
~ ofO'.L.M, t..ol 

Mean 67'6% 29'7%' 32'5% ~ 
4 ~~ Range 53'9-59·2 52'7-58·0 37'5-41,2 15'1-17'6 15'6-16'0 t;. 

~ 

Mean 56·3 55·1 38·85 16·5 15·9 ~ 
S. 

4 ~~ Range % 66'3-70'1% 28°0-30'2% ''27'0-29·6 % 
~. 

~ 

ofG.L.M. 
~ Mean 68'9% 29'3% 28'5r-• • 
~ 

Rhizomys pruinosus pruinosus 1~ Range 42·7 42'5 29'8 11'0 15"3 § 
%of 70'0% 25'7% 35'8% 
G.L.M. 

4 ~~ Range 42'4-49·6 42'4-48'9 30'5-36'0 10'8-13'6 14'0-15'3 

Mean 45·7 45·3 32'5 12'0 14'55 

• ,...., 
4 ~~ Range % 67'0-73'3% 24·6-27'4 29'0-33'9% ~ ofG.L.M. ~ Mean 71'0% 26-1 r. '31'6% 

0\ 
0 ... 



TABLE 2S.-Measurements (in mm.) of skulls of subspecies of Cannomys badius Hodgson (/ariiUy Rhizomyidae). ..... 

* Abbreviations-As in Text. 
~. 
'--' 

No. and Range and 
Name of subspecies sex Mean O.N.L. G.B.L. G.zyg.w. L.i.o.w. T.b.t. Nu.l. 

and distribution --( 1) CllnnomYI bodius bodius 4 4~ Range 40'2--44'4 44-2-49-1 31'5-35·6 8'9-9'3 9-5-10'4 14·1-16·2 

Mean 42-45 46·7 3'4-0 9-1 10'5% 15'2 > 
India (Darjeeling, 4 <f~ Range Y. of 78-3-82-9y' 20'4-22·1% 22'9-24'0% 34'6-36-8"0/'- ~ Alsam), Nepal, O_N.L. 

Sikkim, BhutaD. " Mean 81-2% 21'4% 23·55Y. 35·7Y. ~ N. Burma. -- • > 
5 ~~ Range 42-5-46'1 46\4-50-7 34-0-36-8 8-8-9'7 9-3-11'2 15-1-16,75 ~ 

Mean 44-5 48-7 35·7 9·27 10·3 15-9 
~ 

S ~~ Range y. of 78'9-82'0% 20-4-21-6 " 21'7-24·3% 34·3-37-2Y. ~ 
O.N.L. . ;::: 
Mean 80·2% 20-8" 23·3% 3S·6" r". 

(2) Connomys bodius 2 ~c! Range 41-5--44-3 45-7-48'7 33'6% 8-5-9'1 10-3-10,9 15-8-16-1 ~ 
p~t~r Mean 42-9 47-2 33-6% 8'9 10·6 15-9S 

<:) 
~ -. 

2 c1cl, Range Y. of 20·5-20-6% 24-6-24-8% 3S-6-38'9% 
~ 
~ 

Burma (Mt. Popa). O.N.L. .... 
Mean 80'9% 20-55% 24-7% 37'2% ~ -.. 

1-

~ 3 ~~ Range 43'6-46-0 48-4-50-0 37'1-37-9 8·5-8'7 10'~12'0 16-S-17" 0 

Mean 44-9 49'4 37·S 1-6 11-1 16-9 ~ 
::: 

3 ~~ Range % of 
O.N.L. 

80'6-86-'% 18-4-19-S% 23'1-27'5% 36-4-38-8" ~. 

Mean 83'7% 19'1% 24-8% '7% 
; 

(3) C01l1tDtrIJ'I badius 3 i~ Range ,37-5--39'3 40·0-'2·a 21-6-31-3 1'2-8·6 9-5-1,' 12-3-14-8 
eOltor-eOIlS 

Mean 38-6 41·1 30·0 8-4 9-9 13·6S 

Eurua( TCllaberim) Range % of 76·<4-80·1 % 20"-22-SYe 24,3-26-9 Y. 32-9-37'6% 
O.N.L. 
Me.u 71·3Ye 21·8Y. 2S'S~ 35'3% ~ 

'0 .... 



TABLB 25.-Measurements (in mm.) of skzliis of subspecies of Cannomys badius Hodgson (fantily Rhizolnyidae). ~ 
\0 

-concld. N 

t4.bbreviations--As In text. 

~ame 01 subspecies 
No. and Range and Ibc. 

and distribution. 
sex Mean Nas. w. Pal. 1. A.i',!'. Mol. 1. Diast.l. Occiput. (w. & hit.) l\Iand. t. 

(1) Cannomys badius -..-.------- ----- .. -
4~~ Range 5'5-6'0 29·8-32·0 4·2-4·7 9·8-10·0 15·2-17·2 8'S-9'6 3·3 & 1·2 30'0-32·2 badius 4·1 & 2·0 

Mean 5·7 31·1 4·5 9·9 16·5 9·5 3·6 & 1'7 31·4, 

India (Darjeeling, 
1'7-0'0 ~ 

4 ~~ Range % of 12·9-13·8 y. 69·9-75'8% 9·4-11'2% 22·0-25'0% 37'5-40'7% 20'1-22'4% 71·4-76·3Y. .~ 

Assam), Nepal, O.N.L. ~ 
Sikkim, Bhutan & Mean 13·3% 73·3% 10·6% 23'3% 38'8% 21'3% 8·4 & 4'0% 73·9% 

C) 

N. Burma. .... 
~ ------------ --- .~----~ ..... ~ 

5 ~~ Range 5'3-6·3 30'1-33·5 2'7-4~5 9·3-:'10'4 17'1-19·3 8·6-10'1 3·4 & 1'5- 30'8-34'1 ~ 4·1 & 2·S 
Mean 5·6 32·1 3·7 9·74 18'2 9·5 3·7 & 2'0 32'95 .... 

~ 

5 !?!? Range % of' 12·1-13'5% 70·7-73·7% 6'3-10·0% 20·1-23·1 % 39'1-42'5% 20·0-22'5% 72·5-77·1% 
~ 

~ O.N.L. 
12'6% 8·4 & 4'4% Mean 72·0% 8'3% 21'9% 40'9% 21·3% 74,0% ~ 

(2) Cannomys badius 
----- -.....-.-- S· 

2 ~~ Range 5'5 30'2-31'2 4'1-4·3 9'8-10·2 16·6-17'6 9·5-12·0 3·6 & 3·8- 30'4-30·4 ;:I 
paler 3·s & 2·3 

~ Mean 5'5 30·7 4'2 10·0 17·1 10·75 3·7 & 2'4 30·4 

2~~ Range % of 13'2% 70'5-72'7% 9'7-9'9% 22'1-24'5% 39·8-40'0% 22'8-27-0% 68'6-73·2% tr.a 
Burnla (Mt. Popa). ~ O.N.L. 

8·6 & 5-5% 
$: 

Mean 13-2% 71·6% 9-8% 23-25% 39'9% 24-9% 70·9Y. ;t -- d 4 

3 ~~ Range 6'0-6·3 33·4-34·8 4·3-4·5 10'1-10-7 18·6-18·8 10'0-11'S 4'0 &: 2'7- 34'3-35'1 
2,7 ch 2'S 

Mean 6'2 33·95 4·4 10·5 18-7 10'7 34·75 
4.3" 2,7 

3 ~~ Range % or 13'4-14'0% 73'1-7~'1% 9·5-9'8% 23'0-23'7% 40'5-42·8% 22·9-25-0% 75·6-78·6~ 
O.N.L. 
Mean 13'7% 75-06% 9·7% 23-3% 41-7% 23·8% 9'5-6'0% 77'4% -- ...... 

(3) Cannomys badius 3 ~~ Range 5'1-5'3 26-8-29-4 3-8--4-1 8·4-9-0 14·2-16'6 8·3-9·0 3'7& 3'2- 26·3-30·0 
Castaneus 3·2 cr. 2·7 

Mean 5·2 28·1 3'9 8-7 15-8 8·5 3·S &: 2'''' 28·S 

~ Burma (Tenasserim). Range % of 18'4-13'7% 71·4-74·8% 9-9-10-4% 21'5-24'0% 37·8 -42'3% 21'1-23-2% 70,1-76·9% 
O.N.L. t"I 

9'0 & 6'1% 
• Mean 13'55% 72·7% 10-2% 22'5% 40-8% 22·1% 73·2Y. 0\ 
~ 



TABLE 26.-Measurements (in mm.) of mandibles of subspeezes of Cannomys badius Hodison (family .1t.hizoWlyidae). 
.,. 
\C) 

~ 
Abbreviations-As in text. • ...... 

No,. 
Name' of subspecies and Range a~d Mean G.L.M. Mand.l. Max. w. L. diast. 1. L. mol. 1. 

Sex 

~ 
(1) Cllnnllmys bad ius badius 4 crcr Range 31'3-33·6 30'0-32'2 20'3-22·2 7'7-9'0 11'4-11'8 ~ 

~ 
Mean 32'5 31'4 21·4 S·2S 11·65 

~ 
411 Range % ofG.L.M. 63'8-68·3% 23'7-26·7% 34'6-37·8% 

Ie ;:::: 
~ 

Mean 65·9% 2S.3% 3S·8% 
~ 
C ..... -. 
~ 
S' 
"e 

~ 
5 ~~ Range 32'4-35'8 30-8-34-1 21-2-23-2 8'9-10'5 11'2-11'·7 () 

~ 
::3 

Mean 34'3 32·95 22·7 9'65 I1-S 
~' 

5 ~~ Range % ofG_L.M. 64'6-66'8% 26,7-29-5 31'4-35'5 

Mean 65-7% 28'0% 33-5% 
l'..) 
\0 -- w 



TABLE 26.-Measurements (in mm.) o/mandibles o/subspecies o/Cannomys hadius Hodgson (family RhizomYidae). 
-concld. 

Name of subspecies 

(2) Canno11JYs bad ius pater 

(3) Cannomys badius castanelll , 

No. 
and 
Sex 

1<3' 

3 ~~ 

3 ~~ 

3 ~~ 

3 ~~ 

Abbreviations-As in text. 

Range and Mean G.L.M. Mand.l. 

Range ,31" 30'4 

% ofG,L.M. 

Range 3S'7-37'0 34'3-35'1 

Mean 36'3 34,S 

Range % of G.L.M. 

Mean 

Range 27'1-31'2 26']-30'0 

Mean 29,6 28'S 

Range % of G.L,M. 

Mea. 

Max. w. L. diast. 1. L. mol. 1. 

21'1 8'2 11'S 

66'7 25'9% 36'3% 

23,4-24'3 9'2-10'6 11'7-12'5 

24'0 9'S 12'1 

65'5-67'1% 2S'1-28'6% 31'6-35'1 % 

66-0% 27'0% 33'3% 

18'l-11" 7'1-9'0 10'0-10'1 

18'.5 8~S 10'5 

61'7--67'1 % 28'4-28'8% 32.0-37'1 % 

64'4% 28'6% 34-1% 

~ 
f\ 
~ 
<:) a. 
C".ft 

~ 
~ 
~ 

~ s.. 
~. 

;os 

~ 
C"'Ji 
~ 

I 

r:-t 

~ 
t"' .. 
0\ 
0 .. 



TABLE 27.-Measureme1Jts (in mm.) of skulls of Platacanthomys lasiurus Blyth (family Muscordinidae). ..... 
\0 

~ 
Abbreviations-As in text. 

. 
L....I 

No. 
T.b.l. Name of species and and Range and Mean O.N.L. C.B.L. a: ZYI. w. L.j.o~w. 

distribution Sex 

-
> 

~!!ltacanthom)'s iasiJlrJls 2~~ Range ( ?)*31'6-32-0 29·8-29·8 18-6 6·8-6'8 4·2-4·3 Q 
I r , i 

Mean 32,0 29·8 18·6 6-1 4·25 t"" .. 
~ 
;: 

1~ ~ orO.N.L. 21-S% 13'4% ;::: 
~ 

~ 
C 
~ .... 

Ir cit! (S. W Mysorc" Kerala) 2 ~~ RaDge 31·9-33-0 29'8-30'S 19·5 6-6-7'2 4-1-4'30 ~ ..... 
~ 
"""'" 

'" Mean • 32·-45 30·2 19-5 6.9 -4·2 c 
~ 
~ ..... 
~ 

2 ~~ Range % of O.N.L. 59-0 20-7-21·7% 12-8-13·0% 

Mean. 59-0% 21'2% 12'9%-

t-.l 
\0 

*SkuU dam~aed. v. 



TABLE 27.-·Measurements (in n1m.) of skulls ofPlatacanthomys lasiurus Blyth (family Muscardinidae)-concld. N 
\0 
0\ 

Abbreviations-As in text. 

No. 
Name of species and and 

distribution Sex 
Range and Mean Nas.l. Pal. 1 A.p.r .• P.p.f. Mol. 1. Diut. 1. Occiput Mand. J. 

L • 
...... -----....... _________ ~I 

PlatllcQllthomys lasiurus 2 <1& Range 9·4 15·7-16·2 2·1-/.·3 2·3-2·3 5·3-5·5 8·4-9·0 3·8-3·8 16·2-16·7 
~ 
~ a 

Mean 9·4 16·0 2·2 2·3 5·4 8·7 3·8 16·45 ~ 
~ 

~ 
1 ~ % O.N.L. 29-3% 49-0% 6'5% 7'1% 16'5% 26'2% 11-8% 50'6% 

:;. 
~ 

~ 
~ 'So 
:::& 

Jndia( S. W. M 2 ~~ Range 9·4-9·8 15·7-15-9 2'1-2·3 2·8-3·1 5·5-5·7 8·4-8'5 3·8--4·3 16,6-16-7 ~ 
" Kerala). ~ 

~ 

j 
Mean 9·6 15·8 2·2 2·95 5·6 8'45 4·1 16·65 

2 ~~ 
Range % 

ofO.N.L. 29'6-29·6 ~ 47·7--49·7 % 6·3-7'2'% 8·7-9'3% 16-6-17·8% 25·6-26-4% : 11·6-13·4% SO· l-52-2 Ye 

Mean 29·6% 41-7% 6·8% 9-0% 17·2% 26·0% 12'5% 51·1% ~ 
0\ 
0 ... 



TABLE 2S.-Measurements (in mm.) of mandibles of Platacanthomys lasiurus Blyth (family Muscardinidae). ~ 

! 
Abbreviations-As in text. . 

"-' 

No. 
Name of Species and Range and Mean G.L.M. Mand.l. Max. w. L. diast. 1. L. mol. 1. 

Sex 

~ 
~ 

P /ataclmthomys lasiurus 2a~ Range 17'4-18'4 16'2~16'7 
> 

8-7-9'4 S'1-S'3 5,3-5,6 ~ 
toot 

Mean • 17·9 16'45 9'S 5'2 5'45 
~ s:: 

2~~ Range % of G.L.M. 50'0-51'0% 29'0-29'3 30'4-30'7% ;::: 
~ 

~ 
Mean - 50'5% 29'15% 30'55% c 

~ -. 
~ .... 
Q ...... 
~ 
Q 

2 ~~ Range 18'0-18'2 16'6-16'7 9-5-9'5 4'8-5'0 5'4-5·6 ~ 
~ 

~ 
Mean 18-1 16,65 9'S 4'9 5'5 

2 ~~ Range % ofG.L.M. 52-2-52'7% 26'6-27'4% 30'3-31'0% 

Mean _ 52'45% 27,0% 30'6% tv 
\0 

~ .. ~ . ....-- ~ 
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TABLE 29.-Measurements (in mm.) of skulls 0/ species 

Abbreviations-

No. Range 
Name of species and and O.N.L. C.B.L. G. ZYI. w. L.i.o.w. 
and distribution Sex Mean 

(1) Funambulul 4~~ Range 36'1-37·3 33·3-34·7 20·5-21·2 9,7-10·2 
pennant; 

Mean 36·9 34·0 20·9 10·0 

.N. India & W. 4~~ Range %of 56'6-56'9% 26'0-28·2% 
Pakistan. O.N.L. 

Mean 56'8% 26·9% 

8 ~~ Range 36·0-38·9 33·3-36·0 20'4-22,0 9'6-10'9 

Mean 37·7 34·9 21'25 10·4 

8 ~~ Range % of 54'4-58'4% 25·3-29·10Y. 
O.N.L. 

Mean 56'3% 27'5% 
• 

(2) Funambulus sub- c1 Range 34·5 29·9 18·6 10'25 
lineatus 

%of 53'9% 29'7% 
O.N.L. 

's. India (Madras 1 ~ Range 33·0 10-0 
& S. Mysore). 

%of 30'3% 
O.N.L. 

(3) Funambulus tri- 3 c1~ Range 39·6-41·0 36·4-37·6 22·4 11'6-12·7 
striatus tristriatus 

Mean 40·3 36·8 22·4 12·1 . 
Range % of 54'5% 29'1-31'5% 
O.N.L. 

S. India (Maha- 3 c1c1 Mean 56'5% 29·9% 
rastIa, N. Mysore 
& Madras). 

2 ~~ Range 41·8-42·3 37·8-38·3 22'5-23.4 12·1-12·3 

Mean 41·1 38·5 22·95 12~2 

2 ~~ Range % of 53'2-55·9% 29'0-29·0% 
O.N.L. 

Mean 54'5% 29'0% 

(4) Funambulus tr!stria- 3 c1~ Range 43·9-46·4 40'3--42-5 24-7-25-7 12·6-13·2 
IUS wroulhtom 

Mean 44-9 41'1 25-2 13-0 

S. India (Keral. " 
S. Mysore). 

3 ~cr Range % of 
O.N.L. 

55-4-57-6% 28.2-30'2% 

Mean 56-2% 28-9% 

1 ~ RaDle 46-6 42·6 26-7 13-5 

%of 
O.L.T. 

55-1% -28'9% 
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and subsp,cies o/Funambulus Lesson (family Sciuridae)-contd. 

As in text .. 

T.b.t. Nas.l. Nal. w. Pal. 1. Mol. 1. A.p.f. 

7·4-7·8 10·0-11'3 4·1-4·5 17'7-18·6 6'7-7'2 1'0-1~6 

7·6 10'7 4·3 18'1 7·0 1·3 

19·8-20·9 X 27'7-30'5% 11'2-12'0% 48·3-S0·0% 18-S-19'3% 2'7-4'4% 

20'5% 29'0% 11'7% 49'0% 19·0% 3·6% 

7·5-8·4 9·8-12'2 4·0-4·5 17·8---18·7 6-6-7'4 1·1-1·6 

7·7S 11'7 4·3 18-4 6-9 1·4 

20·0-21·OX 27·2-31'3% 10-8-11'8% 47-1-S0'S% 17-4-19'5% 2·9-4·2 Yo 

20'SX 29'4% l1'S% 48·8% 18'4% 3·64% 

6·0 10·0 4'2 IS'7 6·0 1'2 

17'S% 29'0% 12'1% 4S'5% 17'5% 3·4% 

5·7 8'7 4'5 15'35 5·9 0·8 

17'2% 26'3~" 12·3% 46'5% 17'8% 2·4% 

7·2-7·4 11·1-12'5 4'7-5-0 20-0-20'4 7·2-7·6 1·2-1·3 

7·3 12'0 4·9 20·1 7·4 1·3 

17'8-18'7% 27 .. 8-30'7% 11·8-12·1 % 49·6-50·S% • 18·0-18·S% 2'9-3'3% 

18'IX 29'7% 12·0% 49·9% 18·3% 3'01% 

7'7-7·9 12·7-12·7 4·75-5·0 0-9-21·2 7·5-8·0 1·2-1·4 

7·8 12'7 4·9 21·5 7·7S 1·3 

18'4-18·6% 30·1-30·3% 11·3-11·8% 50'0-51·3% 17·9-18·9% 2·8-3·3% 

IS-5% 30'2% l1'5S% SO'6% 18·4% 3'1% 

7·7-S·2 12·8-14-0 5·2-5'5 22·6-23'9 7·9-8·7 1-4-2'0 

7·95 13-6 5·4 23·3 8·4 1·7 

17'5-17·7% 29·1-31·4% 11·S-12·3% 50·9-51'5% 17·7-19·S% 3'1-4·3% 

17·6% 30'2% 12-0% 51·2% 18'6% 3·7X 

7·7' 14·8 5·7 23·7 2·0 

16'5X 31'7% 12·2% 50·9% 4'2% 
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TABLE 29.-Measurements (in mm.) of skulls of species 

Abbreviatlons-' 

Name of species No. Range 
and distribution and and Diast. 1. Occiput Orb. 1. Mud. t. 

Sex Moan 

(I) Funambu/us pen- 44~ Range 7·4-8·0 ~'~-5'8 10·8-11·7 19·8-20·' 
nantl 

Mean 7·8 5·7 11·2, 10·3 

N. India &. W. 4~~ Range % 
Pakistan. ofO.N.L. 

20'6-21'7% 15·0-15'6% 29,0-31'6% 54· 3-56,0 Y-

Mean 21·1% 15'3% 30·4% 54·9% 

8~~ Range 7·3-8·4 5·3-6·3 10·8-11·5 20'1-21·3 

Mean 7·9 5·9 11·37 20·9 

8~~ Range % 20'0-21'7% 14'2-16'5% 28,9-31·2% 53·4-58,1 Y-
orO.N.L. 

Mean 20·8% 15'5% 29·9% 55·4Y. 

--
(2) Funambulus sub-

lineatus 
I~ Range 7·1 5,1 9·0 17·8 

% of 
O.N.L. 

20'5% 14,7% 26'0% 51,7% 

S. India (Madras I~ Range 6·9 5,2 9'0 17'5 
AS. Mysore). 

% or 20·9% 15·7% 27,2% 53'0%' 
O.N.L. 

(3) Funambu/us tr;- 3~~ Range 8·9-9·4 1-6·4 11'1-11·9 22'2-22'=' 
str;atus tristr;atus 

Mean 9·2 6·2 11·5 22,6 

Range % 22·4-23·1 % 15'1-15·8% 27·5-29·0% 55-2-57'3% 
orO.N.L. 

S. India (Maharash-
tra, N. Mysore 

3crcr Mean 22·8% 15·4% 28·4% 56·10/. 

A Madras). 

2~~ Range 9·5-9·7 6·5-7·0 11·7-12·5 23'3-23'4 

Mean 9·6 6·75 12'1 23·35 

2~~ Range % 
of O.N.L. 

22·4-23·2% 15'3-16'7% 27'6-30'0% 55'2-56'0% 

Mean 22'8% 16·0% 28'8% 55·6%. 

--
(4) Fllnambu/us tr;- 3crcr Range 10'1-11·4 6·6-7·2 12·4-12·7 24·0-26·5 

strilltus wroughton; 
Mean 1,7 6·85 12·55 24'~5 

S. India (Kerala 3cr~ Range % 23'1-24'5% 14'4-16'5% 26'9-28'9% 54·6-57·1 r. 
It S. Mysore). orO.N.L. 

Moan 23'9% 15'2% 27·9% 55·5%. 

It Ranle 11·0 13·2 

~Of 23,6% 2a'3Ye 
O •• L. 
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Il1td subJpectes of Funambulus Lesson <family SCiuridae)-contd. 

As in text. 

Name ofspecies 
and distribution 

No. 
and Range and O.N.L. 
sex Mean 

(5) Funambulus palmarum 
palmarum 

6c1c1 Range 36'5-39·0 

Mean 37·8 

India (Bihar, Bengal, 
" Range % of 

Madras, Andhra O.N.L. 
and Kerala). 

Mean 

2~~ Range 38'1-38'3 

Mean 38·2 

" Range % of 
O.N.L. 

Mean 

(6) Funambulus palmarum 
leelaa rll 

4c1c1 Range 36·6-41·0 

Mean 38'85 

,. Range % of 

Ceylon 
O.N.L. 

ean 

2~~ Range 37-2-37-5 

Mean 37-35 

" 
Range % of 

O.N.L. 

Mean 

:7) Funambulus palmarum 
robertson; 3~~ Ranle 37'8-38'~ 

Mean 38·1 

India (Madhya I, Range % of 
Pradesh). O.N.L. 

Mean 

8lFunambuius palmQrum 
bel/aricus 

2C!~ Range 37·5-38·6 

Mean 38'1 

India ( Maharashtra " Range % of 
and N.Mysore). O.N.L. I 

Mean 

9)Fllnambulus palmarum lc1 Range 38·1 
brodiei 

Ceylon % of 
O.N.L. 

~2 ZSI/63 

C.B.L. G.zyg.w. L.i. o. w. 

33'2-35·5 19'8-21,8 9·5-11·4 

34·75 20·8 10·45 

53-2-55-9% 26·0-29-3% 

54'7% 27'65n 

34·5-35'5 20-8-21·7 10'6-10·8 

35'0 21-3 10·7 

54'1-56'9% 27'8-28'3" 

556% 2a·S~ 

-------_ .. ---
33,7-35,4 20'3-22'2 11'0-11·9 

34·6 21·3 11·3 

54'1-55'4% 28,3-30,3 " 

54'7% 29·0% 

--
33'9-34'6 20'~ 10'6-11'4 

34·02 20'S 11·0 

56-1% 21·6-30·4 Y-

56-1% 29'5% 

34·7-35'3 21-7--21·8 10·1-12·0 

35·1 21-a 10'9 

56'7-51..0% 26'7-31'1 " 

56'8% 28'6" 

34'3-35·7 20,9 10·0-10'3 

35·0 20·9 10'2 

54-2% 26'6-26'8% 

54'2"~ 26"'<l 

-------.-..--.-
35·1 20·9 10'9 

55·0% 28'6"-

18 
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TABLE 29.-Measurements (in mm.) 0/ skulls of species 

Abbreviations-

No. 
Pal.l. N .me of species and and Range and T.b.l Nas.l Nas. w. 

d\~trfbution sex Mean 

--
(5) Fllnambulus pal- 6~er Range 7·1-7·7 10·3-11'6 4·0-4·7 17·8-19·2 

marum ptrlmarum 

Mean 7·4 11·0 4·4 18·55 

India (Bjhar, Bengal, " Range % 18·5-20'1 % 27·3-30·8% 10·9-12,2% 48·6-49·6y' 
l\ladras Andhra orO.N.L. 
and Kerala). 

Mean 19·6% 29'1% 11,55% 49,1% 

2~~ Range 7·3-7·4 10'5-11-4 4'5-4·5 18·6-18,7 

Mean 7·35 10·95 4·5 18-65 

I I Range % 19,1-19·4% 27·4-30·0% 11,7-11'8% 48.5-49-1 % 
orO.N.L. 

Mean 19-25% 28'7% 11·75% 48,8% 

(6) Funambulus pal- 4~er Range 6'8-7-9 10-5-12·9 4·4-5·2 17·9-20·6 
marum kelaarti 

Mean 7-4 11·3 4-8 19·25 

Ceylon. " Range % 
orO.N.L. 

18·7-19'3% 27'0-31'4% 11 0 2-13-4% 48'9-50'2% 

Mean 19·0% 28·9% 12-4% 49-5% 

----
2~~ Range 7·0-7·2 10·8-11·4 4,4-4-6 18·1-19-0 

Mean 7·1 11-1 4·5 18·6 

I, Range % 
or O.N.L. 

18·6-19·3% 29,0-30·5% 11'7-12'3% 48-8-50-6% 

Mean 18'9% 29,7% 12,0% 49'7% 

(7) Funambulus pal- 3~~ Range 7·2-7·5 10·3-11'0 4'2-4'6 18'3-19'0 
marum robertsoni 

Mean 7-4 10·7 4·4 18-6 

India (Madhya , , Range % 18'7-19·6% 27·4-28'8% 11'1-11·9% 48,4-49,3% 
Pradesh). orO_N.L. 

Mean 19·3% 28'1% 11·6% 48'7% 

(8) Funambulus pal-
marum bellaricus 

2erer Range 7·3-7,6 10·1-10·5 4,1-4·2 18-0-19'1 

Mean 7·5 10·3 4,1 18·6 

India (Maharashtra I I Range% 19-4-19·8% 26-0-28,0% 10'6-11'2% 48'1-49'4% and N. Mysore). orO.N.L. 

Mean 19·6% 27,0% 10'9% 48'8" 

.... -------------------------------- -~--..-.-------~ 

(9) Funambulus 
marum brtldiei 

pal- ler Range 7·0 10·5 4·4 18'7 

Ceylon " Range % 18·3Y. 27'5% 11'S% 49'2% orO.N.L. 



1962.] AGRAWAL: Skulls of Oriental Rodents 303 

Qnd subspecies of Funambulus Lesson (family Sciuridae)-concld .. 

As in text. 

Mol.1. A.p.r. Diast.1. Occiput Orb.1. Mand.J. 

--
6·7-7'8 0·8-1'5 7'7-8-6 5·6-7·0 10'7-11'6 19'9-2J' 

7'2 8·2 6·4 11'0 207 

17'2-20'8% 2·1-3'8% 20'6-22·4 % 14·9-18·8% 28·4-29-7% 53'8-55-7 " 

19'0% 3'1% 21'7% 16'8% 29'2% 54·'1" 

7·0-7-6 0·7-1-1 7'9-8·5 6·2-6·5 11-0-11-1 20·6-21·1 

7'3 (\·9 8·2 6-35 11'5 20·9 

18·2-20'0 Y. 1'8-2-8% 20-7-22'1 Y. 16'1-17'0~~ 28'7-29·1% 53'7-55-3" 

19-1% 2-3% 21·4% 16'6% 28'9% S4'S~' 

---------
7,1-7-8 1·3-1-6 8'1-9'1 5-S-6·4 10,$-11-5 19'8-21-9 

7'5 1-4 8·7 6-0 11-2 21-2 

19'0-19-S% 3·3-3-9% 22.1-23-3% 15'1-16'4% 27·9-30·0U :;3'4-56-1 ~ 

19,3% 3·6% 22·4% 15'9% 28·9% 54·SY. 

-.-
7·4-7·6 1-2 8'3-8'S 5·8-6·2 11·2 20-3 

7·5 1'2 8·4 6-0 11·2 20·3 

19·9-20·2% 3'2% 22'1-22'8% t5-3-16·S% 30'J % 51'S", 

20·1% 3·2% 22·4% 15'9% 30·1 % 51·8% 

-----
6'2-7'2 1'2-1'5 8-4-8'8 5'6-5'8 10'7-11'2 21'1-21'S 

6'75 1·3 8·6 5·7 11·0 21'3 

16·4-18'8% 3-1-3'9% 22'2-23'0% 14·8-1S·2% 27'8-29'6% 55·S 5S·9'·~ 

17-7% 3'5% 22-7% IS'O% 28·7% S57" 

-----------------------"".-...... --~------~- ....... --~------- ----
7'1-7·3 1·0-1·0 8'1-8'4 5·8-6·3 11·1-11·38 20·7-20·S 

7·2 1·0 8·2S 6'1 11·2 20'75 

18'9-18'9% 2·S-2·6% 21'6-21'7% IS·0-16·9% 29'2-29'4% S3'6-5S'4% 

18'9% 2-S% 21·6% 16-0% 29-3 " 54'5% 

---~----..-.--~-------~--- -----------
7·7 1·0 8·4 6'0 11·4 20'7 

2·6% 22·0Y. lS'7~~ 29'9~ S"'3% 

18A. 



TABLE 30_-Measurements (in mm.) of mandibles of species and subspecies of Funambulus Lesson (family Sciuridae)_ w 
0 
.a:::.. 

Abbreviations-As in text. 

No. 
Name of species and Range and Mean G.L.M. Mand.1. Max. w. L. diast.l. L. mo1.1. 

sex 

.. 
(1) FunambulMs pennanti 4~~ Range 21,0-22'3 19·8-20·9 10·8-11·3 3·5-4·0 6'5-7·0 

Mean 21·6 20'3 11'1 3'8 6·75 
~ 
~ a 

4cS~ Range % of G.L.M. 50·0-52'5% 16'6-18·1% 30-2-32·2% "'"t 

~ 
Mean 51'2% 17·4% 31·2% .<:> 

~ ..... 
8~~ Range 21·0-22'7 20·1-21'3 10·8-12·2 3·5--4·2 6'5-7·6 

~ 
~ 

Mean 22-15 20'9 11·35 3-8 6·85 ~ 
~ 
~ .. 

8~~ Range % of G.L.M. 48·6-53'7% 15'4-18·5% 29-5-33·7% ;:t 

~ Mean 51-2% 17·6% 30'9% ~ 

----------------------------.-----------..-....--.---------~-----...-.------------------------------
~ 

(2) Funambulus sliblineatus 2ac1 Range 19·2-19'2 17·85-17'85 9·65-9·7 3'5-3'6 5·6-5·9 § 
Mean 19· 2 17·85 9·65 3·SS 5·75 

2~~ Range % of G.L.M. 50·4-50-5% 18'2-18·4% 29·1-30·7% 

Mean 50·4% 18·3% 29·9% 

1~ Range 19·0 17·5 09·4 3·6 S·s ~ 
% ofG.L.M. 49·5 19'0% 29,0% ~ 

0-
c:> w 



(3) Funambulus tristriatus 3c1cr Range 26'55-28'3 24·0-26·5 12'4-14'3 5·0-6'5 7·4-8'3 
.,... 
\0 

wrouRhtoni ~ Mean 27·2 24·95 13'3 S'8 7·9 .-..... 
3~cr Range % of G.L.M. 46·4--50'5% 18'8-22'9% 27'9-30·2% 

Mean 48'8% 21'4% 29'1% 

> 
1~ Range 28·8 14'1 6'1 ~ 
l~ % ofG.L.M. 48'9% 21'1% ~ 

~ 
;: 
;:::: 

(4) FunamblAw 
t.oo.2 

tristriatus 3~cr Range 24'4-25·0 22'2-22·9 11·4-12·3 4·6-5'3 6·9-7·1 
~ trisirtalll3 

Mean 24·7 22·6 11'8 4'9 7·0 C 
""I -. 

3i1cr Range % of G.L.M. 46'7-49'6% 18'7-21'2% 28'2-28'8% 
(\\ 
~ .... 
~ 

Mean 4.1'2% 20'1% 28'5% ..... 
~ 
c 
~ 
~ 
~. 

2~~ Range % 25'2-25'6 23'3-23·4 11·7-12'7 4·9-5·4 7·6 

Mean 25-4 23·35 12·2 5·15 7·6 

2~~ Range % of G.L.M. 46'4-49'6% 19'4-21-1% 30'1% 

Mean 48·0~~ 20'3% 30'1% ~ 
0 v. 



TABLE 30.-Measurements (in mm.) of mandibles of spe.cies and subspecies of Funambulus Lesson 
(family Sciuridae)-concId. 

Name of species 

(5) Funambulus 
palmarum 

palmarum 

No. 
and 
sex 

Abbreviations-As in text. 

Range and Mean G.L.M. Mand.l. Max. w. L. diast. 1. L. mol. 1. 

-----~------------.-.--.--- .... -....~----.-.-.-----..---.. 

Range 

Mean 

6~~ Range % of G.L.M. 

Mean 

2~~ Range 

Mean 

2~~ Range % ofG.L.M. 

Mean 

21·7-23·3 

22·4 

22·5-22·6 

22·6 

9·9-21·5 

20·7 

20·6-21'1 

20'85 

10·6-12·4 3·6-4·5 6·4-7·4 

11·35 4·2 6·85 

47·9-53·9% 16·7-20·7% 28·2-33·4% 

50·7% 18·56% 30·6% 

11'0-11·9 3·6-4·3 7'5 

11·5 3·95 7·5 

48·8-52·9% 16'0-19·0% 33-3% 

50'8% 17·5% 33-3% ~ 
~ 
0\ 
0 .. 



(6) Funambulus palmarum 3~~ Range 21'7-24'0 19'8-21'9 10'6-11'5. 4·0-5·0 7·0-7·4 ..... 
\C> kelaarti 0\ 

Mean 23'2 21'2 11·1 4'6 7·25 ~ 
~ 

3~cr Range % of G.L.M. 46'6-48'8% 18'4-20'8% 30'6-32'2% 

Mean 47'8% 19'8% 31'3% 

1~ Range 22·2 20'3 11'2 4·4 7·0 ~ 
% ofG.L.M. 50'4% 20·0% 31'7%· ~ 

t:"4 .. 
(7) Funambulus palmarum 2~~ Range 22'5-22'8 21'1-21'5 11'7 4'2-4'4 6'4-6·8 ~ robertson; ;:: 

;::: 
Mean 22'65 21·3 11'7 4'3 6·6 ~ 

~ 
2~~ Range % ofG.L.M. 51'3% 18'6-19'3% 28'4-29'6% C 

'""'e 

51'3% -. Mean 19'0% 29·0% ~ 
~ ..... 
~ . 
...... 

(8) Funambulus palmarum 2~cr Range 22'3-22'7 20'7-20·8 11'0-11" 4'1--4'4 6'9-7·3 ~ 
bellaricus <:) 

Mean 22'5 20'75 11'35 4·25 7·1 f} 
~ 

2cr(1 Range % ofG.L.M. 49'3-51'5% 18'3-19'4% 30'9-32'1% 
f:. 

Mean 50'4% 18'9% 31'5% 

(9) Funambulus palmarum 1<3' Range 22'3 20'7 4" 7·2 
brodiei 

1(1 % ofG.L.M. 21·0% 322% w 
0 
....,J 
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TABLE 31.-Measurements (in mm.) of skulls of species and subspecies 

Abbreviations.-

Name of species No. 
and and Range and Mean O.N.L. C.B.L. O. zyg. w. 

distribution sex 

-------- . • -
(1) P..etaurista petaurista 3 ~~ Range 70·5-76·S 67'1-70·8 48·9-49'0' 

czneraceus 
Mean 73·5 69·2 48·95 

3 ~~ Range % of 64·0-66'5% 
O.N.L. 

S. Burma (Tenasserim) Mean 65'2% 

1 ~ Range 74·3 69·8 48·9 

%ofO.N.L. 65'8% 

--(2) Petaurista petaurista 1 Cf Range 71·35 68'4 46·7 
philippensis 

%ofO.N.L. 65'5% -------- . lndia (Orissa, MadrasJ 2 ~~ Range 72'1-74'1 65'7-69'7 46·8-48'2 
Mysore & Kerala). 

Mean 73'1 67·7 47·5 

2 ~~ Range % 
O.N.L. 

of 64·9-65'1% 

Mean 65·0% --
2- Range 69·1-74'6 64'5-68-8 47·6-48'3 

Mean 71·8 66-6 48·0 

2- Range % of 64.7-68'9% 
O.N.L. 

Mean 66·8% --(3) Petaurista petaurista 
albiventer 

4~~ Range 66'4-69-3 60·6-64·2 42·5-46'1 

Mean 67·4 61·7 44·2 

India (Assam, Punjab, 4 ~~ Range % of 64'0-66'5% 
U. P., N. W. F. P., O.N.L. 
Kashmir). Mean 65'4% --- -

( 4) PetauriSla magni- 1~ Range 68·4 62'8 44'8 
ficus 

% ofO.N.L. 65·5% --India (Darjeeling) 1 ~ Range 69'8 63·9 47·1 
Nepal & Sikkim. 

%ofO.N.L. 67·4% ---2- Range 71'1-72'2 66-4-67-0 46.3-47,0 

Mean 71-6 66·7 46·7 

2- Range % 
O.N.L. 

of 65'1-65'1 % 

Mean 65'1% 
~.....-.------ ----
(S) PetauriSla alborufus 1 ~ Range 73'2 66·9 49·9 

ctlndidulul 
%ofO.N.L. 68'1% 

1 ~ Range 74·2 69·7 48·9 

% ofO.N.L. 65'9% 

India(Assam, Manipur} Range 72'2-74'8 66·6-69·3 47'1-49'6 
and W. Barma. 

Mean 73·5 68·0 48·3 

l- Range % of 65'2-66-3 " 
O.N.L. 

Mean 65'8% 

-
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of Petaurista Link (family Sciuridae). 

As in text. 

L.i.o.w. T.b.l. Nas.1. Nas.w. 

16·0-16·3 14·7-15'9 21-7-24-9 12-5-13-3 

16·15 15'3 23-4 12-9 

21,3--22'6% '20'7-20'9% 30'8-32'5% 17'3-17'7% 

21·9% 20'8% 31-8% 17-5% 

16-5 15-5 23'4 12·8 

22-2% 20'8% 31'4% 17'2% 

16-2 15-3 20-7 13-2 

22'7% 21.5% 27-6% 18'5% 

15·1-15-5 14-3-14-8 21-0-22-4 12·3-13·6 

15-3 14'55 21-7% 12·95 

20-3-21'5% 19'8-20% 29-1-30-2% 17'0-18-3% 

20-9% 19'9% 29-6% 17'6% 

15·6-15-8 13-3-14·8 21,0-21-8 11'2-12-2 

15,7 14,0 21-4 11-7 

20'9-22-S % 19-2-19-8 % 29'2-30-3% 16'2-16·3% 

21-9% 19-5% 29'8% 16,25% 

14'4-15-8 12'2-12-8 19-7-21-0 11·1-12·8 

15·1 12-4 20-25 12·25 

21-6-22-S% 18-2-18'6% 29-4-30-7% 16'7-19'1 % 

22'4% IS-4% 30-0% 18-2% 

14'S 11'6 21-3 12-4 

21·6% 16'9% 31-1% 18-1 % 

14-5 12'3 20-2 13-2 

20-7% 17-6% .2S·9% IS·9% 

14-9-16'0 11'5-12·3 21'~22'7 IS-0-14'1 

15'5 11-9 22,0 13-55 

20-9-22'2% 16'0-17'3% 30-1-31-4% 18'2-19'5% 

21'5% 16'6% 30'7% IS'8% 

16'9 -13" 22'8 13·9 

23'1% 18'7% 31'1 IS·9% 

14-8 13'6 22·1 
------

12·9 

20-0% 18'3% 29-7% 17·4% 

15·3-16'1 13-~i3;5 20·8..:....23·., - 12'8-14-2 

15-7 13'35 22-3 13'5 

21-1-21·5% IS·0-1S·2Y. 2S'8-31'6% 17·7-1S·9% 

21·3% 18,1% 30'2% 18'3% 

Pal. 1. Mol. 1. A.pJ. 

36'5-38-1 16,9 4'2-4-3 

37·3 16-9 4-2 

49·8-51-7% 23-0% 5-4-5-9% 

50-7% 23·0% 5·7% 

--------
38-3 3·9 

51-5% 5'2% 

37-4 15'55 4·4 

52·4% 21-8% 6-1% 

36-0-37'6 16.1-16-5 4'0-4-0 

36-8 16-3 4-0 

50-0-50_S% 21-7- 22-S% 5-3-5'5% 

50'4% 22-2% 5-4% 

34'8-36'S 14·7-16,7 4-0-4'0 

35·8 15-7 4,0 

49-3-50-3% 21-2-22-3% 5'3-5-8% 

49·8% 21·7% 5·5% 

31·6-35'0 15-5-16-5 2-5-3'9 

33-6 15-8 3·4 

47'5-51'6% 22'5-24'5% 3-7-5-8% 

49'8% 23-4% 5-0% 

34-5 14'S 3-3 

50·5% 21·6% 4-8% 

35·8 16'0 3-6 

51-2% 23'0% 5'1% 

35'1-36'1 14·9-16-1 4-1-4-2 

35·6 1'55 4'15 

48'6-50'7% 20·9-22·3% 5-7-5'8% 

49-6% 21·6% 5-75% 

37,2 16-6 3'5 

50'9% 22·6% 4·7Y. 

38-2 4-7 

51'4% 6'3% 

-31·1,...:.31'7 17-7 4-2-4" 

37'5 17·7 4·5 

50-4-51'5% 24'5% 5·8-6·2% 

50'9% 24'5% 6'0% 
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TABLE 31.-M easurements (in mm.) of skulls of species and subspecies 
ofPetaurista Link (family Sciuridae)-concld. 

N arne of sp ecies No. Range Occiput Orb. 1. Diast.l. Mand.l. 
and and and 

distribution sex Mean --
(I) Petaurista petaurista 3 c1c1 Range 9'5-9'7 25'2-26·3 14·5-15·8 45·4-46·7 

Cineraceus 
Mean 9·6 25·7 15·0 46,0 

S. Burma (Tenasserim) 
3 c1c1 Range% 12·7-13'4% 34'3-35'7% 20·1- 20·6% 61,0-66'1 % 

orO.N.L. 
Mean 13'1% 35'0% 20'4% 62,1% 

t~ Range 10'1 26·4 16·1 46·8 

%of O.N.L. 13'5% 35'5% 21·6% 63'0% 

(2) Petaurista petaurista lc1 Range ll'5 25·4 14·9 43'7 
philippensis 

61'2% % ofO.N.L. 16'1% 35'6% 20·9% 

India (Orissa, Madras, 2 ~~ Range 9'7-10'3 25'9-26'0 15·0 42'8-46'9 
Mysore & Kerala). 

44·8 Mean 10'0 25·95 15·0 

2 ~~ Range % 13'0-14'2% 35·0-35·9% 20'2% 59·3-63·3 
orO.N.L. 
Mean 13'6% 35'5% 20'2% 61·3% 

~~----- I 

2- Range 8·9-9'8 25·4-25·9 14·0-14'1 46'6 

Mean 9·3 25·6 14'5 46·6 

2- Range % 12·8-13'1 % 34'7-36'7% 18'9-20·2% 62·4% 
ofO.N.L. 
Mean 12-95% 35'7% 19-5% 62-4% ----(3) Petaurista petaurista 4 c1c1 Range 8'1-10-0 24,2-25-0 11'6-13-3 40'3-41·5 

albiventer 
Mean 9-25 24·5 12-2 40'8% 

India (Assam, Punjab, 4 c1~ Range % 12'2-14'9% 35'5-37-3% 17,4-19-2% 59'9-60'8% 
U. P., N. W. F. P., orO.N.L. 
Kashmir). Mean 13'7% 36'4% 18·2% 60-3% 

(4) Petaurista magni- 1 ~ Range% 8'7 24'4 13·6 40'5 
ficus ofO.N.L. 

12'7% 35'7% 19·9% 59'2% 

India (Darjeeling), 1 ~ Range % 9'1 25·8 13-4 41'7 
Nepal & Sikkim. 

59'7% of O.N.L. 13-0% ,36'9% 19'2% --- . 
2- Range 10-0-10'55 25'2-26·8 14·0-15'5 42·2-44'7 

Mean 10'2 26·0 14·7 43'5 

2- Range% 14·0-14'5 % 35'5-37·1% 19·4-21'8% 59'3-61'9% 
ofO.N.L. 

Mean 14'2% 36'3% 20·6% 60'6% 

(5) Petaurista alboru!us 1 ~ Range 10'5 25'5 14·6 45'5 
candidulus 

% orO.N.L. 14·3% 34'8% 20'0% 62'1% 

1 ~ Range 9'2 25·6 15'3 45'0 
% of O.N.L. 

12'4% 34·5% 20-6% 60·6% 

India (Assam, Manipur) 2- Range 9'4-10·4 24'5-26'7 14,2-14,5 43'7-46'1 
and W. Burma. 

Mean 9·9 25·6 14'35 44-9 

2- Range % 13'0-13'9% 33'9-35·6% 19-3-19-6% 60'5-61-6% 
orO.N.L. 
Mean 13'5% 34·7 19'5% 61·0% 



TABLB 32.-Measurements (in mm.) of mandibles 0/ species and subspecies of Petaurista Link <family Sciuridtle). .... 
\0 

Abbreviations-As in text. ~ 
.:...... 

No .. 
Name of species and Range and Mean G.L.M. Mand.l. Max. w. L. diast. 1. L. mol. 1. 

sex 

(1) Petaurista petaurista cinera- 3c1~ Range 45'2-46'1 45·4-46'7 31'5-32'2 9·0-9·8 17'8 
ceu.s > 

Mean 45·S 46·0 32·0 9·4 17·8 Q 

~ 3~~ Range %ofG.L.M. - 69'8-71'1 % 20·0-21'6% 39'3% 
> 

Mean 70'3% 20'7% 39'3% t"'4 

1 ~ Range 46·1 46·8 31·9 10·0 17·4 ~ 
%ofG.L.M. 69·2% 21',6% 37'8% ~ 

;:: 
(2) Petaurista petaurista philip .. 

~ 

1<3' Range 43·7 43·7 30·3 9·3 16'4 ~ pensis 
%ofG.L.M. 69·3% 21·3% 37'5% C 

"'-l -. 
2 ~~ Range 42'7-46'7 42'8-46·9 28'3-33·2 7·8-9'1 17'4 

~ 
~ ...... 
~ 

Mean 44·7 44·8 30'7 8·45 17'4 ....... 
~ 

2 ~~ Range % ofG.L.M. 66·2-71'1% 18'2-19'5% 37'2% 
<:::) 

~ 
Mean 68·6 18'8% 37'2% 

~ ...... 
~ 

2- Range 41·7-46·7 41'7-46·6 28·5-31·5 7·9-9·5 16·4-17·1 

Mean 44·2 44·2 30·0 8·7 16'7 

2- Range % ofG.L.M. "- 67'4--68·3% 18'9-20·3% 36·6-39'3% 

Mean 67'9% 19·6% 38'0% w ..-...... 



TABLE 32.-M easurements (in mm.) oj mandibles of .species and subspecies of Petaurista Link (family SCiuridae)-concld. 

Abbreviations-As in text. 

No. 
Name of species and Range and Mean G.L.M. Mand.1. Max. w. L. diast. 1. L. mol. 1. 

sex 

(3) Petaurista petaurista albi- 3~~ Range 40'5-41·5 40·3-41·5 28·6-30·1 72·2-7'9 16'5-16·9 
~ 
~ 
("!I 

venter Q 

Mean 40·9 40'8 29-2 7'5 16-7 ~ 

~ 
3~~ Range %ofG.L.M. 70'2-72·5% 17·7-19-0% 40-1-41·5% ~ 

Mean 71-4% 18-3% 40·8% 
;;. 
~ 

:;c 
s.. 

(4) Petaurista magnificus 
Q' 

1~ Range 40·5 40·5 27-7 7·1 16·2 ;= 

%ofG.L.M. 68'4% 17'5% 40-0% ~ 
~ 
~ 

~ 
1 ~ Range 42·7 41'7 29-3 8·1 17·2 

%ofG.L.M. 68'6% 18'9% 40·2% 

1- Range 44·1 44'7 29·6 8·7 17·4 ,....., 
~ 

%ofG.L.M. 67'1% 19'7% 39-4% r 
-- ___ a '-- ~ 

W 



(5) Petifllista alboru/ufJ Cllndi- 1 ~ 
dllll1, 

Range 45·0 45·5 32·0 9-0 16-9 

%ofG.L.M. 71-1% 37-5% 

~ 
1 ~ Range 45·2 45·0 30·5 9·1 17·65 ~ 

i= 
%ofG.L.M. 67·4% 20'·1% 39·9% 

~ 
~ ;::: 
~ 

~ 
0 
"'-I ..... 

2- Range 43·5-45·8 43·7-46·1 27·8-32·0 8·1-8·6 18·0-18·3 ~. .... 
~ ..... 
~ 
() 

Mean 44·6 44·9 29·9 80·35 18·15 ~ 
~ 

t:' 
2- Range %ofG.L.M. 63·9-70·0% 18·6-18·7% 39·3-42·0% 

Mean 67·0% 18·65% 40·6% 

-_ .. _ .. _------------------------------------------



TABLE 33.-Measurements (in mm.) of skulls of Marroota bobak Muller (family Sciuridae) and w ...... 
Jaculus jaculus Linn. (family Dlpodidae). ~ 

Abbreviations-As in text. 

Name of species No. Range 
and and and O.N.L. C.B.L. G. zyg. w. L.i.o.w. T.b. 1. Nas. 1. Nas. w. 

Distribution Sex Mean 

~ 
~ 
~ 

(1) Marmota bobak 1~ Range 109·5 109·3 69·8 26·5 18'3 46'2 18·9 <::) ., 
himalayana % ofO.N.L. 

63'7% 24'2% ~ 16'7% 42'2~~ 17'2% 

~ .... 
~ 
~ 

India (Northern U. P.), 3~~ Range 92·2-110·7 92·9-113·9 58,5-60'0 22·0-27·2 17'5-18·9 39·9-46'2 16·2-19·1 ~ 
Nepal, Tibet & China. 

Mean 100'8 102·6 '59'2 24·0 18·4 42'5 li'5 
s.. 
~. 

::= 

" 
Range % of 60'3-63'4% 23'0-24'6% 17'0-18'9% 41·6-43'2 17,2-17·'% ~ O.N.L. 

Mean 61'8% 23·8% 18·3% 42,2 17·3% ~ 
~ 
$:! 

-- ;: 

(2) Jaculus jaculus 2- Range 36·3-36·5 35·2-36,3 25·9-27'5 13,8-14·6 11'4-11'6 14·6-15'8 5·3-5·6 
jaculus 

Mean 36·4 35·7 26'7 14·2 11,5 15·2 5'5 

Egypt, Libya, Tunisia and " 
Range % of '11'3-75·3% 37·8-40-2% 31.2-31'9% 40,2-43·2 14·6-15,4 Yo 

~ Algeria. O.N.L. 
Mean 73'3% 39·9% 31-5% 41·7 15,0% 

t" . 
0\ 
Q .. 



Name or species 
and 

Distribution 

(1) Marmota bobak 
himalayana 

India (Northern U. P _ ), 
Nepal, Tibet & China. 

(2) Jaculus jacu/us 
jaculus 

Egypt, Libya, Tunisia 
and _Algeria. 

No. 
and Range and Mean 
seK 

1 cr Range % 
O.N.L. 

of 

3 ~~ Range 

Mean 

Range % of 
O.N.L. 

Mean 

2- Range 

Mean 

Range % of 
O.N_L_ 

Mean 

Pal. 1. Mol. t. A.p.t. 

61·9 24·1 9-3 

56'5% 22-0% 8'4% 

52-5-63-9 22·6-25'1 7-7-8'5 

57-7 24'1 8·2 

56·8-57'7% 22'6-24·7% 7'5-8'5% 

57'2% 24'0% 8'1% 

23-1-23'2 6'2 5-0-5-3 

23'1 6·2 5·15 

63,5-63-6% 17·2% 13'7-14-5% 

63'5% 17'2% 14'1% 

Diast.l. Occiput Orb. 1. Mand.l. 

29-6 20·7 38'1 73·0 

27-0% 18-9% 34'8% 66'6% > 
~ 
~ 
t"" 

24·8-30·4 15'8-20-9 33-3-37'6 61'5-75-8 
~ 

27'2 17·7 35·6 67-7 ;: 
;:::: 
~ 

26'4-27'4% 15-9-18-8% 33'8-36'1% 66-0-68'4% ~ 
0 

26'9% 17·4% 35'3% 67'0% ""l -. 
~ 
~ . 
...... 
~ 
<::) 

10-3-10·4 6-1-6-3 
~ := 
~ 

~ 

10-35 6-25 

28'3-28'4% 16-7-17'3% 

28-3% 17-0 % 

w 
~ -- v. 



TABLE 34.-Measurements (in mm.) of skulls of species o/Hystrix Linn. and Atherurus Cuvier <family Hystricidae). 

Name of species No. 
and and 

distribution sex 

(1) Hystrix indica 3-
indica 

India (West of 
" Bihar), West 

Pakistan and 
Ceylon. 

(2) Hystrix Itodg- 1<3' 
son; subscrista- Sub-
ta adult 

India (Manipur, 
Naga hills), S. 
Burma and 
S. China. 

(3) Atherurus 1-
macrourus 
macrourus 

S. Burma and 
Malacca. -

(4) Atherurus 
africanus 
a/ricanus 

1-

Africa. 

Range 
and 

Mean 
O.N.L. 

Range 142'8-157-3 

Mean 150-2 

Range % of 
O.N.L. 

Mean 

Range 119·0 

~~ of O.N.L. 

Range 91'5 

% of O.N.L. 

Range 92'1 

% of O.N.L. 

--

Abbrevlations.-As in text. 

C.B.L. G .zyg. w. L.i.o. w. T. b. 1. Nas. 1. Nas. w. Pmx.w. 

142-5-157,5 82·8 58'7-61'4 18·3-20·2 70-6-81·9 38'7-42'2 22'2-26'5 

151·3 82'8 60-0 19-2 76'6 40'7 23-9 

52·6% 39·0% 12·8-12'8% 49'4-52'0% 26'8-27'4% 14'6-17,5% 

52'6% 39'0% 12'8% 50'9% 27'1% 15-9% 

117'0 64'3 49-3 17'2 66·2 37-3 3'2 

(4'0% 41-4% 14-2% 55'6% 31·3% 2-7% 

86·1 46-5 30·0 14'5 25'1 15·6 4'7 

50·8% 32'7% 15·8% 27'4% 17'0% 5'1 Y. 

91'5 47·1 30'1 14'7 23'1 13·6 6·9 

51'1% 32'6% 15-9% 25'1 % 14'7% 7'4% 

~ 
~ 
~ c 
"""t 

~ 
~ ..... 
~ 
~ 

~ 
~. 

is' 
;3 

~ 
~ 
~ 
;:: 
~ 

~ r 
0\ 
0 -



N .... 
N CD 

0\ til Name or species No. Ranp N ~ J)i.l.& 1. Orb. ). OeciPUl. Mand. J. - and and and Mol. 1. A.p.r. hi_I. .:...... 0\ 
w discrlbution sex Mean 

---
( I) H1$trix indicQ 3- Range 32'0-34'3 6-0-6" 78'0-84'S "2-8-47'9 28'S-3~S 31-2-34-7 ''''7-101'0 

indicQ 
Mean 33'1 6-7 81'S .. 5·0 29'S 32·6 97·8 > 

India (W~t of n Range% ot 22-4-22·7% 4-2- 4-8y' ~3'7-S4-7~ 29·3-30·4Y. 19-4-20-0% 20·7-22·2% 62'2-68'4% 0 
Bihar), West O.N.L_ ~ Pakistan and Mean 22'S% 4· .. Y. 54·3Y. 29'9% 19·6Y. 21-6~ 64-9% 
Ceylon. ~ 

> 
t"'1 .... 

(2) HYltrlx "odg- t~ Range 5'4 61·1 32-0 24'8 22·9 70-5 
~ soni $ub6CriSta- Sub-

'10 adult % ofO.N.L. tI·,,, ~1·3" 26·S% 20>8% .9'1% 59-2% ;: 
;::: 

India (Manipur, ~ 

Naga hiD.), s. ~ Burma anel 
S. China. a 

"'"l - §. 
..... 
~ 

(3) A f Irer"ru:r 1- Range 16·7 5-0 44 .. 0 27"0 20'7 17 .. 9 ...... 
macro"rU$ • ::a 
maCrour", C , % oIO.N.L. 18"2 ~ 5 .... " 48-0" 29'S" 22·6" 19·5% ~ 

S. Burma anel ::s 
Malacca. t:. 

--
(4) At1rerurIU 

q{ricQIJU6 
1- Range 18-7 3-' 51'7 26"5 23·8 17"4 

q/'riCIIIUI$ % or~N .. L. 20'3~ 4"1~ "'1" 28'7~ 25·1Y. 11·9" 

.... Africa t,,) ~ -"- .... 
1 -..... - ~ 



rABt~ 3S.·-Measurem~nts (In mm.) oj mandibles oJ 8pecieJ 0/ Marmota bobak Mililet (!a11111, Sc;urlda~)) Jacuhrs 
jacul~~ i,inn. Uamily Dipo4ida"e) and l!yst~ix Linn. (family Hystri(.'iriae) . 

.24 bbrevialions-As in text. 

Namt90f subspecies 
No .. 
and 

Range 
and G.L.hl. Mand~ "1 Max. w .. L. diast. to, L. Mo]. 1 

sex Mean 

ft) Marmora bobak tcf Il"ange 71"7 13-0 42·6 17·1 23·5 
lzinKllavQU 

" % ofG. L. M. - - 59·4% 24·7~ 32·8% 

., o· --< 

3~~ Range 60·S-7S"1 'l·S~'7S·' 34·7-43·5 15·1-1"8·0 21·S-23~'5' 
.. 

Mean '61·4 61·' 38"9 1'6·5 ~6 

., Range %0£ - 55"0-60·5% 23'·9-24·8% 31·3-35·4% 
G.L.M. 

Mean ...... - 57·5% 24~2% 33·6% 

~ 

~ 
~. 

(") 
c 
"'"I 

~ 

~ -~ 
~ 

~ 
~. 
i5. 
::3 

~ 
~ 
('\\ 

~ 

'< 
~ 

~ 



~ (2)/ Jaculus jaculus 
fIj . jacMlus 

1- Range 19·8 S·lS 5·1 6·0 

~ 
0\ 
W " % ofG.L.M. 41·1% 25·7% 30'3% 

> 
(3) Hystrix indica 2- Range 100'0-101'2 94'7-101·0 45·2-45·9 26'1-27'4 34·6-35·0 ~ indica 

Mean 100·6 97'8 45'5 26·8 34·8 ~ t-t 
.~ 

Range % of 45'2-45·3% 26·1-27'0% 34'2-35'0% ~ 
" $:! 

G.L"M. ;::: 
~ 

Mean 45'3% 26·6% 34·6% ~ 
c 
'""'C ...... 
(\\ 
~ 
~. 

~ ..... 
~ 
c:) 

(4) Hystrix hodgsoni 16' Range 7St{) 70·5 34'3 ~ 
~ 

subcristatas ~. 
(subadult) 

, % ofG. L. M. 45'7% 

N W 
<:> ~ 

\0 



TABLE 36.-Range and mean (figures within brackets) of width of c,anium in some volant, arboreal andfossorial w 
tv 

rodents. 0 

Genus 
Family No. of skulls measured HaJ,it Occipitonasal length Cranial width Cranial width 

is gi\ten in brackets (in mm.) (mm.) as % of 0_ N_ L. 

Petaur;sta( (5) Volant 71·5-76·5 31·5-32-2 

(74·1 ) (31-8) 43010 ~ 
~ 

Sciuridae Funambulus (5) Arboreal 37·0-38·2 16·6-17·4 
("':) 
c 
~ 

(37-5) (17-0) 45% ~ 
~ 

Marmota (3) Fossorial 95·5-110·5 33·0-36-5 .... 
~ 
~ 

( 106·5) (35·0) 33% :r 
~ sa 

Phitacanthomyinae Platacanthomys (3) Arboreal 31.5-32.7 14-3-15-1 
;::s 

~ {32'C) ( 14-8) 46% ~ 
~ 

~ 
Chiropodomys (4) Arboreal 24·6-~5.9 11-7-12·7 

(25-2) (12-0) 48% 

Murinae Rattus r. arboreu! (5) Terres trial 38-2---41-2 15·2=-16·0 

( 39-7) (15-6) 39% < 
Bandicota bengalensis (5) Fossorial 37·7-39-4 1.s·~-16·2 ~ 

(38-5) (15-6) 40% J 



TABLE 37.-Range and mean (figures in brackets) o/the size of orbits in some voiant, arboreal and/ossoriai squirrels. 

Definitions: Length of orbit : From lacrymal to the tip of the postorbital protess. 

Breadth of orbit i Maximum width of the orbit. 

Genus Orbit Orbit > 
No. of skulls Habit Occipito- (length & breadth) (length & ~ measured is given nasal (in mm.) breadth as % 

within brackets length orO.N.L.) ~ (in mm.) t"" 

.. ~ ;: 
;::: 
~ 

Petaurista (5) Volant 71-S-76-S 17-4 & 16·4-19-0 & 17·5 ~ 
C 
""" ~74·1) (97-8 & 16·7) (24% ; 22%) 
"I.!to. 
C,b 
~ 
~. 

l-llnambu:us (5) Arboreal 37·0-38·2 7-7 & 7·0-8-0 & 7-6 
"'-

~ 
c 

(37-5) (7·9 & 7'3) 
~ 

(21% ; 19%) ~ ....... 
~ 

M (lrmota (3) Fos&oriaI 99-5-110·5 20-0 & 20'0-21'5 & 21·5 

(106,5) (21·0 & 20·6) (20'0 & 19'0%) 

w --- l-..1 
~ 



TABLE 38~-Variation in length o.{ premaxilla, maYill« and diastema in some arboreal and jO.fsorial rodents. 

Abbrevlations.--A., arboreal; L.F .. , less fossorial ; F~, fossorial ; O.N .L., Occipitonasal length of skull. 
pmx., length of premaxilla (from a point just posterior to incisor upto premaxillo­
maxillary suture on the palatal surface). 

Family or Subfamily 

Sciuridae 

PlatacanthotnYUnae 

max., length of maxilla (from the premaxillo-maxillary suture upto the point just anterior 
to first cheek-tooth). 

diast., length of diastema (from a point just posterior to incisor upto the point just 
anterior to first cheek-tooth). 

Genus & species 

Funambulus 

Marmota 

Platacanthomys 

Habit 

A 

F 

A 

No. of 
skulls 

measured 

5 

3 

Mean 
O.N.L. 
(nun.) 

38·0 

106·5 

32·0 

Mean 
length 
ofPmx. 
(rom.) 

3·95 

17·7 

4·2 

Prnx. as 
%of 

O.N.L. 

10'3% 

17% 

13% 

Mean 
length 
of Max. 
(mm.) 

3·95 

11·1 

Max. as 
%of 
O.N.L. 

10'3% 

10% 

Mean 
Diast. 

length 
(rom.) 

7·9 

28'8 

Diast. 
as % of 
O.N.L. 

20-6% 

27% 

-------------.-------------
4'2 13% 8-4 26% 



Murinae Chiropodomys A 4 2S·J 3·2 12'5% 3'5 13·5% 6'7 26% 

Rattus manipulus L.F. 4 37·3 6'7 18% 5'2 14% 11'9 2% 

,Nesokia F 5 39'3 6'9 17'5% 5'8 14.5% 12·7 32% > 
0 

~ 
Microtinae Pitymys L.F. 4 25·6 4·3 16·5% 3'4 13'5% 7·7 30% 

t"f 

~ ;: 

Ellobius F 1 8·4 4·5 12'9 
-.. 
~ 

~ 
C 
""! -. ~' 

~ 

Rbizomyidae Rhizomys L.F. 2 61·1 11·1 180/.: 7'1 12% 18'8 30% ~. 
.0 -.. 

pruinosus ~ 
<:;:) 

Cannomys F 3 43'7 9·6 22% 7·6 17% 17'2 39% 
~ 
~ 
r; 

Hystricidae Hystri.",' F 1 158·0 24-5 15'5% 23'5 14·5% 48·0 30% 
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TABLE 39.-Variatlon in size of tympanic bullae,in subfamily Gerbillinae 
(family Murldae) and the family Dipodidae. 

Name of species 

I.-MURIDAE : GERBI­
LLINAE. 

Tattra indica 

Meriones hurrianae 

M eriones persicus 

Mcriones erythrourus 

Merzones 3winhoe 

Gerbil/us nanus 

Gerbil/us indus 

Gerbil/us gleadowi 

II.-DIPODlDAE. 

J aculus jaculus 

Distribution 

Iran, W. Pakistan, 
India, Ceylon. 

W. Pakistan, Rajas­
than, Gujarat. 

Persia & Baluchistan 

Baluchistan 
Pakistan). 

Waziristan 
Pakistan). 

Baluchistan 

Sind 

Rajasthan 

Egypt 

(W. 

(W. 

Mean length 
No. of skulls of Tymp. 

measured bullae as % 
of O.N.L. 

71 25·5% 

46 29·3% 

2 28·9% 

1 37·5% 

1 38·1 % 

4 32·1% 

2 30·7% 

3 30·4% 

2 31·5% 
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TABL.E 40.-Variation in size of the tympanic bullae in sublSpecies 0/ 
Tatel'a indica Hardwicke (Muridae, Gerbillinae). 

Name 

1. Tatera indica indica 

2. Tatera indica cuvieri 

Locality 

Baluchistan 

Sind 

Punjab 

Gujarat 

Rajasthan 

Uttar Pradesh & 
Madhya Pradesh. 

Andhra Pradesh 

Madras 

3. Tatera indica hardwickei Mysore 

4. Tatera indica cey/onica Ceylon 

No. of skulls 
measured 

12 

4 

6 

9 

4 

9 

4 

7 

10 

6 

Mean length of 
tymp. bullae as 

% of O.N.L. 

27·2% 

26·6% 

26·3% 

26·1% 

26·0% 

25-4% 

24-8% 

24-1% 

24·3% 

24-0% 



326 Records of the Indian Museum [VOL. 60, 

TABLE 41.-Range and Mean (figures within brackets). 0/ height of 
occiput in some volant, arboreal and fossorial rodents. 

Genus and 
Family and subfamily species Habit 

Petaurista Volant 

Sciuridae Funambulus Arboreal 

Marmota Fossorial 

Platacanthomyinae Platacanthomys Arboreal 

Chiropodomys Arboreal 

Murinae Rattus r. Terrestrial 
arboreus 

Rattus manipu/us Less fossorial 

Nesokia Fossorial 

Rhizomyidae Rhizomys Fossorial 

Cannomys Fossorial 

Occiput as % 
of O.N.L. 

-

12·2-16·1 %' 

(13·5%) 

14·2-17·7% 

(15·7%) 

15·9-18·9% 

(17·8%) 

11'6-13·4% 

(12·3%) 

7·0-9·1% 

(8·2%) 

9·7-12·0% 

(10-9%) 

14·6-16·4% 

(15·4%) 

13·6-18·0% 

(16·4%) 

23·7-27·1 %­

(24·9%) 

20·0-27·0% 

(22·3 %) 
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Robert Beresford Seymour Sewell was born at Leamington, England 
on the 5th of March, 1880, and died in Cambridge on the 10th February: 
1964, at the age of 83. He was the second son of the Rev. Arthur Sewell 
and his wife Mary Lee. Robert Sewell married Dorothy, daughter 
of Frederick and Matilda Dean, of Chichester ; she died in 1931. From 
her he had two daughters who survive him. 

II-EDUCATION AND SERVICE CAREER 

After school Sewell attended Weymouth College from 1894 .. 98 and 
then spent some months . studying Zoology at the University College, 
London. Thereafter he entered Christ's College, Cambridge, as a 
Scholar and obtained a first class in both parts of the Natural Sciences 
Tripos, taking his degree in 1902. He then joined St. Bartholomew's 
Hospital, London, from where he became medically qualified in 1907. 

In 1908 Sewell joined the Indian Medical Service in which he re ... 
mained for the next 28 years. He was first appointed as a Medical 
Officer att·ached to 67th and 84th Punjab Regiments. Two years later 
he was appointed as Surgeon Naturalist to the Marine Survey of India, 
and he took full advantage of this opportunity to devote his energies 
to zoological as well as medical problems. For over a year he served 
on the Indian Marine Ship Investigator, surveying the Indian Ocean 
off the southern coast of Burma. -There was a break of two years in 
his marine work, from 1911 .. 13, when he served as Professor of Biology 
at the Calcutta Medical College. But he reverted afterward~ to his post 
of Surgeon ~aturalist. 

----------------.-------------------------------~ *Present address: Vice-chancellor, University ot Jodhpur, Jodhpur. 
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During the First World War, 1914-18;Sewell was on active service 
in the West Asian war theatre at Aden and in Palestine, and was men­
tioned in despatches (1917). On the termination of the War he returned 
to India and joined the Zoological Survey of India as Officiating 
Superintendent, but after sometime he again took up the original 
appointment as Surgeon Naturalist with the Indian Marine Survey where 
he continued his zoological work for a number of years. In 1925 he was 
appointed as the Director of the Zoological Survey of India, Calcutta, 
from which he retired" in 1933. The rest of his life Sewell spent at the 
Zoological Laboratory of the Cambridge University where he 
continued to do active work for almost 30 years. 

III-SCIENTIFIC CONTRIBUTIONS 

Sewell's scientific contributions covered a period df 57 years '(1904-
60) and ranged oVer,a wide field-from human anatomy, anthropology 
and archaeology to oceanography and .zoology, including marine biology. 
He published a total of nearly one hundred papers several of which 
were large and'monographic in:scope. His earliest writings dealt with 
human anatomy, in particular the study of the astragalus. Thereafter, 
as a result of his association with the Indian Marine Ship, Investigator, 
he started a series of papers on the marine fauna of the Indian seas, 
especially the Copepoda (Crustacea) and fishes. His interest in the 
Copepoda was to last a life time, and he became a recognized authority 
on that group-until his last days he was busy writing up an account 
of the Indian Copepoda which was assigned to him in the Fauna of 
India series of monographs. 

At the end of the First World War he took up the study of sc~sto­
somiasis, a helminthic disease which, it was feared, the Indian troops 
returning from the African and West Asian war theatres, might import 
into India. In this connection he undertook a comprehensive study of 
the immat\ll~ stages (cercariae) of the Indian helminths, and this work 
resulted jll his well known monograph on Cercariae Indicae published 
in the year 1922. About the year 1922, Sewell resumed his.. marine 
work, and a steady series of papers on that subject started flowing from 
his pen. He covered a wide area : the Andaman Sea, the Chilka Lake 
and other areas of the Indian Ocean. 

The first portions of his large work on the Copepod Crustacea was 
published in 1929 and was completed in 1932 as a Memoir of the Indian 
Museum. In collaboration with the late Dr. B. S. Guha he published, in 
1929, a report on the prehistoric bones excavated at N al in Baluchistan. 
This was followed, in 1931, by the publication ofa similar account of the 
bones excavated at Mohenjadaro in Sind. As a result of his work as 
the leader of the John Murray Expedition to the Indian Ocean, Sewell 
contributed a long series of papers (1934-56) on the marine biology and 
oceanography of that area. In addition to these specialised papers,. he 
contributed valuable articles on general aspects such as evolution and 
zoogeography. From 1927-31 he contributed some observations on 
anthropology-Indian races of man and allied problems. 

Sewell's scientific works are marked by accuracy, thoroughness and 
great depth of knowledge. A list of his papers, together with a subject 
index~ will be found at the end of thi$ article. 
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IV-HoNOURS AND OTHER DISTINCTIONS 

329 

Sewell received many well deserved honours. On his retirement 
from service in India, in 1933, he was awarded the C. I. E. The Cam­
bridge University gave him its highest science degree, the Se.D. In 
1934 he was elected to the fellowship of the Royal Society of London 
and in 1936 to the fellowship of the Nationallnstitute of Sciences of 
India. During 1933-34 he led the John Murray .Expedition to the Indian 
Ocean. He was the President of the Indian Science Congress (1931), 
the President of the Royal Asiatic Society of Bengal (1931-33), the 
President of the Ray Society, London (1950-53), the President of the 
.Linnaean Society of London (1952-55) and an Honorary Fellow of the 
Zoological Society of India. His many degrees and honours included : 
M.A., Sc.D. (Cantab.), M.R.C.S., L.R.C.P., F.R.S and F.N.I. For 
nine years Sewell was, as the Director, Zoological Survey of India, 
the editor of the Records and Memoirs of the Indian Museum. After 
retirement and on the death of Col. Steph~nson, Sewell was appointed 
in 1933 as the sole Editor of the Fauna of British India series of monographs 
until 1947 when, with the India's Independence, the Fauna was transferred 
to India and given a new title, the Fauna of India, with the Director, 
Zoological Survey of India, as the editor. Sewell, however, remained 
the editor in England for those volumes which had already been commi­
ssioned in that country; from this position he resigned in 1963 due to 
ill health. 

SewelPs passing away is a great loss to Indian Zoology. It would be 
difficult to find a man who could cover so many diverse fields with so 
much distinction and thoroughness. 

ACKNOWLEDGMENTS : It is a pleasure to acknowledge with thanks the 
assistance received from Dr. A. P. Kapur and Mr. D. P. Bhattacharjee 
of the Zoological Survey of India, respectively in the procurement of 
certain materials and in the preparation of the list of papers of Lieut ... 
Col. Sewell. 

V-ApPENDIX 

1. List of the scientific papers of the late Lt.-Col. R. B. Seymour Sewell 
(1904-1960). 

1. SEWELL, R. B. S. 1904a. A study of the astragalus. Part I.-J. 
Anat., London, 38 (3), pp. 233-247, 4 pIs. 

2. SEWELL, R. B. S. 1904b. A study of the astragalus. Part 11.­
J. Anat., London, 38 (4), pp. 423-434, 7 pIs. 

3. SEWELL, R. B. S. 1904c. A study of the astragalus. Part 111.­
J. Anat., London, 39 (1), pp. 74-88, 4 pIs. 

4. SEWELL, R. B. S. 1905. The small or superficial thyroarytenoideus 
muscle.-J. Anat., London, 39 (3), pp. 301 .. 307. 

5. SEWELL, R. B. S. 1906a. A study of the astragalus. Part IV.-J. 
Anat., London, 40 (2), pp. 152-161. 

6. SEWELL, R. B. S. 1906b. Anatomical notes. I. Phalanx, possessin& 
two epiphyses.-J. Anat., London, 41 (1), pp. 45-48. 

21A 
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7. SEWELL, R. B. S. 1912a. Notes on the deep-sea fish obtained by the 
R. I. M. S. S. " Investigator" during the survey season 
1910-1911.-Rec. Indian Mus., Calcutta, 7 (1) pp. 1-14. 

8. SEWELL, R. B. S. 1912b. Capture of Limulus on the surface.-Rec. 
Indian Mus., Calcutta, 7 (1), pp. 87-88. 

9. SEWELL, R. B. S. 1912c. Note on the development of the larva of 
Lingula.-Rec. Indian Mus., Calcutta, 7 (1), pp. 88-89. 

10. SEWELL, R. B. S. 1912d. Notes on the surface-living copepoda of the 
Bay of Bengal. I and II.-Re-c. Indian Mus., Calcutta, 7 (4), pp. 
313-382, II pIs. 

11. SEWELL, R. B. S. and CHAUDHURI, B. L. 1912. Indian Fish of Proved 
Utility as Mosquito-destroyers. 24 pp.-Calcutta (Thacker, Spi~k 
& Co.). 

12. KEMP, S. and SEWELL, R. B. S. 1912. Notes on Decapoda in the 
Indian Museum. III. The species obtained by R.I.M.S.S. " Inves­
tigator" during the survey season 1910-1911.-Rec. Indian Mus.'} 
Calcutta, 7 (I), pp. 15-32, 1 pl. 

13. SEWELL, R. B. S. 1913a. Notes on plankton from the Chilka Lake.­
Jtec. Indian Mus., Calcutta, 9 (5), pp. 338-340. 

14. SEWELL, R. B. S. 1913b. Notes on the biological work of the R.I. 
M.S.S. " Investigator" during the survey seasons 1910-1911 and 
1911-1912.-J. Asiat. Soc. Beng., Calcutta, (N.S.) 9 (8 & 9), pp. 
329-390, 1 pI. 

15. SEWELL, R. B. S. 1914a. Notes on the surface Copepoda of the Gulf 
of Mannar.-Spolia zeylan., Colombo, 9 (35), pp. 191-263, 5 pIs. 

16. SEWELL, R. B. S. 1914b. Some observations on the development of the 
Copepoda.-[Proc.] 9th Int. Congr. Zool. (Monaco, 1913), Rennes, 
pp. 492-497. 

17. SEWELL, R. B. S. 1914c. Notes on Indian fish. I. Notes on the 
genus Malthopsis.-Rec. Indian Mus., Calcutta, 10 (2), pp. 131-134, 
1 pI. 

18. SEWELL, R. B. S. 1914d. Notes on Indian fish. II. A new species 
of Cryptocentrus.-Rec. Indian Mus., Calcutta, 10 (2), pp. 134-
135, 1 pl. 

19. SEWELL, R. B. S. 1919a. A preliminary note on some new species 
of Copepoda.-Rec. Indian Mus., Calcutta, 16 (1), pp. 1-18, 2 pIs. 

20. SEWELL, R. B. S. 1919b. The possible occurrence of Schistosoma 
japonicum Katsurada in India.-Rec. Indian .'Afu~., Calcutta, 16 
(6), pp. 425-429, 1 pI. ' 

21. SEWELL, R. B. S. 1919c. Schistosomiasis in India.-Indian med. 
Gaz., Calcutta, 54, pp. 252-253. 

22. SEWELL, R. B. S. 1920a. Progress report on a survey of the fresh­
water gastropod molluscs of the Indian Empire and of their tre­
matode parasites. Pt. II.-Indian I. med. Res., Calcutta, 8(1), pp. 
118·124. 

23. SJiWELL, R. B. S. 1920b. On Mesocoelium sociale (Luhe).-Rec. 
Indian Mus., Calcutta, 19 (3), pp. 81-95. 
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24. SEWELL, R. B. S. 1921. The fork-tailed Cercariae in India.­
Proc. 7th Indian Sci. Congr., (Nagpur, 1921), Calcutta, AbiJtracts, 
pp. 149-150. 

25. ANNANDALE, N. and SEWELL, R. B. S. 1921. The banded pond­
snail of India (Vivipara bengalensis).-Rec. Indian Mus., Calcutta, 
22 (3), pp. 215-292, 3 pIs. 

26. SEWELL, R. B. S. 1922a. Monograph on Cercariae Indicae.-Indian 
J. med. Res., Calcutta, 10 (Suppl.), 370 + iii pp., 32 pIs. 

27. SEWELL, R. B. S. 1922b. A survey season in the Nicobar Islands on 
the R. I. M. S. S. "Investigator", October, 1921-March, 1922.­
J. Bombay nat. Hist Soc., Bombay, 28 (4), pp. 970-989, 4 pIs. 

28. SEWELL, R. B. S. and ANNANDALE, N. 1922. Fauna of the Chilka 
Lake. The hydrography and inyertebrate fauna of Rambha Bay 
in an abnormal year.-Mem. Indian Mus., Calcutta, 5 (10), pp. 
677-710, 12 pIs. 

29·~ SEWELL, R. B. S. 1924a. Observations on growth in certain molluscs 
and on changes correlated with the growth in the radula of Pyrazus 
palustris.-Ree. Indian Mus., Calcutta, 26 (6), pp. 529-548. 

30. SEWELL, R. B. S. 1924b. Fauna of the Chilka Lake. Crustacea : 
Copepoda.-Mem. Indian Mus. Calcutta, 5 (12), pp. 771-851, 
16 pIs. 

31. SEWELL, R. B. S. 1925a. Geographic and oceanographic research 
in Indian waters. Part I. The geography of the Andaman. Sea 
basin.-Mem. R. asiat. Soe. Beng., Calcutta, 9 (1), pp. 1-25, 4 p]s. 

32. SEWELL, R. B. S. 1925b. Geographic and oceanographic research 
in Indian waters. Part II. A study of the nature of the sea bed 
and of the deep-sea deposits of the Andaman Sea and Bay of Bengal. 
-Mem. R. asiat. Soc. Beng., Calcutta, 9 (2), pp. 27-50, 2 pIs. 

33. SEWELL, R. B. S. 1925c. The adhesive apparatus of the "sucki~g 
fish" .-Nature, London, 115 (2880), pp. 48-49. 

34. SEWELL, R. B. S. 1925d. The adhesive apparatus of the "sucking 
fish".-Proc. 12th Indian Sci. Congr. (Banaras, 1925), Calcutta, 
Abstracts, pp. 143-144. 

35. SEWELL, R. B. S. 1926a. Report on the Zoological Survey of India 
for the years 1923-1926.-Triennial Rept. Zool. Surv. India, Calcutta, 
pp. i-xv. 

36. SEWELL, R. B. S. 1926b. The Salps of Indian seas.-Ree. Indian 
Mus., Calcutta, 28 (2), pp. 65-126. 

37. SEWELL, R. B. S. 1926c. A study of Lithotrya nicobariea Reinhardt.­
Rec. Indian Mus., Calcutta, '28 (4), pp. 269-330, 2 pIs. 

38. SEWELL, R. B. S. 1926d. On the Cirripede genus Lithotrya, with 
special observations on L. nicobarica Reinhardt.-Proc. 13th Indian 
Sci. Congr. (Bombay, 1926), Calcutta, Abstracts, pp. 191-192. 

39. SEWELL, R. B. S. 1926e. The reopening of the Invertebrate Gallery 
of the Indian Museum.-Proc. 13th Indian Sci. Conlr. (Bombay, 
1926), Calcutta, .Abstracts, pp. 192-193. 
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40. SEWELL, R. B. S. 1927a. The study of zoology in India in thefuture.­
Proc. 14th Indian Sci. Congr. (Lahore, 1927), Calcutta, Presidential 
Address, pp. 177-187. 

41. SEWELL, R. B. S. 1927b. Dug-out canoe in Algoa Bay.-Natur~ 
London,. 120 (3015), p. 227. 

42. SEWELL, R. B. S. 1927c. Geographic and oceanographic research 
in Indian waters. Part III. Maritime meteorology in Indian Seas.­
Mem. R. asiat. Soc. Beng., Calcutta, 9 (3), pp. 51-130. 

43. SEWELL, R. B. S. 1927d. Investigations regarding an epidemic of 
fish mortality in the tank in the Indian Museum compound.­
J. Asiat. Soc. Beng., Calcutta, (N.S.) 22 (4) [1926], pp. 177-201, 
1 pI. 

44. SEWELL, R. B. S. 1927e. Racial ethnology.-In : Souvenir: The 
Indian Empire. VlIth Congress Far Eastern Association of Tropical 
Medicine, Calcutta (Thacker's Directories), pp. 179-188, .1 pI. 

45. SEWELL, R. B. S. 1928a. A study of recent changes of sea level based 
largely on a study of coral-growths in Indian and Pacific seas.­
Int. Rev. Hydrobiol., Leipzig, 20, pp. 89-102. 

46. SEWELL, R. B. S. 1928b. Lord Carmichael (1859-1926) [obituary].­
J. Asiat. Soc. Beng., Calcutta, (N.S.) 23 (2) [1927], pp. clxxii-clxxiii. 

47. SEWELL, R. B. S. 1928c. Robert Sewell (1845-1925) [obituary].­
J. Asiat. Soc. Beng., Calcutta, (N.S.) 23 (2) [1927], p. c !xxiv. 

48. SEWELL, R. B. S. 1928d. The primitive races of the Andaman basin. 
-Proc. 15th Indian Sci. Congr. (Calcutta, 1928), Calcutta, 
Abstracts, p. 315. 

49. SEWELL, R. B. S. 1928e. Geographic and oceanographic research. 
in India...n waters. Part. IV. The temperature and salinity of the 
coastal waters of the Andaman Sea.-Mem. R. asiat. Soc. Beng., 
Calcutta, 9 (4), pp. 131-206, 1 pI. 

50. SEWELL, R. B'. S. 1929a. Geographic and oceanographic research 
in Indian waters. Part V Temperature and salinity of the surface 
waters of the Bay of Bengal and Andaman Sea with reference to the 
Laccadive Sea.-Mem. R. asiat. Soc. Beng., Calcutta, 9 (5), pp. 
207-356. ' 

51. SEWELL, R. B. S. 1929b. The history and progress of the Zoological 
Survey of India. Introduction-J. Bombay nat. Hist. Soc., Bombay, 
33 (4), pp. 922-930. 

52. SEWELL, R. B. S. 1929c. A study of recent changes of sea level based 
largely on a study of coral growths in Indian and Pacific seas., 
[Proc.] 10th into Congr. Zool. (Budapest, 1927), Budapest, Pt. 2, 
pp. 1483-1496. 

S3. SEwELL, R. B. S. 1929d. The Copepoda of Indian seas-Calanoida. 
Pt. I.-Mem. Indian Mus., Calcutta, 10, pp. 1-221, 2 pIs .. 

~4. SEWELL, R. B. S. 192ge. Report on the Zoological Survey of India 
for tHe years 1926-1929.-Triennial Report on Zool. Surv. IndiR 
Calcutta, pp. i-xiii, 4 pIs. ' 
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SS. SEWELL, R. B. S. 1929f The origin of man and the population of 
India in the past and in the future.-Proc. 16th Indian Sci. Congr. 
(Madras, 1929), Calcutta, Presidential Addre~s, pp. 337-368. 

56. SEWELL, R. B. S. and GUHA, B. S. 1929. Report on the bones 
excavated at ' Nal' Excavations in Baluchisthan.-Mem. Archaeol. 
Surv. India, Calcutta, No. 35 (Appendix V), pp. 56-89. 

57. SEWELL, R. B. S. 1930a. The evolution of the excretory system 
in certain groups of the furcocercous cercariae.-Rec. Indian Mus., 
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58. SEWELL, R. B. S. 1930b. A note on Cercaria anomaia Rao.-Indian 
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59. SEWELL, R. B. S. 1931a. Cercariae Nicobaricae.-Indian .J. med. 
Res., Calcutta, 18 (3), pp. 785-806, 2 pIs. 

60. SEWELL, R. B. S. 1931b. The problem of evolution. Part I. Ex­
perimental modification of bodily structure.-Proc. 18th Indian 
Sci. Congr. (Nagpur, 1931), Calcutta, Presidential Address, pp' . 
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remains excavated at Mohenjodaro. In (Ed. by MARSHALL, J.).­
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PLATE 43. 

Lieut.-Col. R. B. S. Sewell (1880-1964). Photograph at the age 0 t'"' 
about 75 years. 
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