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We report here the gross morphology of the chromosomes of the 
species of Thai rats and mice that we have been able to capture. Unex­

pected indi vidu~l variations are revealed- enough to discourage using 
minor karyologic differences to distinguish species from each other. 

Some species are readily separable from their closest relatives by karyo­

type, as is Rattus niviventer with its three pairs of large submetacentric 
autosomes . On the other hand, identical karyotypes can be found in 
separate species, such as Rattus losea and R. argentive11ter. We rely on 
the classical work of YoNG (1968, l969a, l969b) both for rare Thai 

rodents that we were unable to capture and for comparisons with Thai 
populations of species common to Thailand and Malaysia, as summarized 
diagrammatically in figures 1 and 2. From the evidence in these figures 
we conclude that there is a distinctive karyotype for each natural group 
of species, which we will call a subgenus. 

MATERIALS AND METHODS 

Rats were trapped in screen rat traps baited with banana, mice in 
Sherman traps using peanut butter. Karyograms were prepared by the 

accustomed procedure of in vivo colchicine injection, extrac tion of bone 
marrow into a hypotonic solution, fixation, staining in orcein, and pho­
tomicrography.* From a large photograph, chromosomes were cut out 
and pasted in rows according to position of centromere (revealed ~Y 
where the two unseparated chromatids are joined) and size as follows: 
telocentric with centromere (holding the two chromatids together) so 
close to the end that bifurcation of the small limbs cannot be discerned, 
subtelocentric with separate limbs plainly distinguishable at the small 

* In conducting the research described in this report. the investigators adhered to 
the "Guide for Laboratory Animal Facilities and Care," as promulgated. by the 

. Committee on the Guide for Laboratory Animal Facilites and Care of the Institute 
of Laboratory Animal Resources, Natienal Academy of Sciences-National 
Research Council. 
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end in the photpgraphs, metacentric with centromere in the middle such 
that the two conjoined chromatids form an x shape, and submetacentric 

comprising only those large chromosomes with centromere nearer the 

center than the end of the chromatids. Rodents, identified by Marshall, 
were prepared as museum skins with skull cleaned by dermestid beetles 

and were deposited at the Centre for National Reference Collections at 
the Applied Scientific Research Corporation of Thailand. In the follow­

ing accounts of species, a few diagnostic morphologic characters are 

mentioned parenthetically as evidence that the taxa we studied are truly 
different species. 

I. Arboreal Rats and Mice (hallux with flat nail). 

A. V andeleuria oleracea, Long-tailed Cane Mouse. (The fifth digits 
also have a nail.) The diploid number is 46. There are two pairs of 

large metacentric chromosomes, five pairs of large submetacentrics, and 

five pairs of small telocentrics. The X-chromosome is a medium telo­
centric; theY is a subtelocentric of size equal to the X. Our specimens 
are the subject of a separate paper (Gropp et al. in press) that. contains 
the photographic and specimen evidence as well as a discussion of the 
48 chromosome karyotype found in Nakhorn Pbanom. 

U. Terrestrial Rats and Mice (hallux with sharp claw). 

A. Genus Bandicota (molar lamella~ straight crosswise), Bandicoots. 

l. Bamlicota savilei, Lesse.r Bandicoot (molar row less than 9.2 mm). 

The diploid number is 44. The autosomes consist of 13 pairs of large 

to small telocentrics and 8 pairs of medium to small metacentrics. The 
X-chromosome is one of the larger, but not the largest, telocentric; the 

Y is the smallest telocentric. (Hereinafter the sex chromosomes will be 
described only if they are not as above, namely the X about the fifth 
largest telocentric and theY the smallest telocentric.) Two males and 
one female were examined, from tall grass, Saraburi Province, numbers 
Vl83, Al85, AI86 . . 

2. Bandicota ifldica, Great Bandicoot (feet and back black, molar 
row more than 10 rom). The diploid number is 46. YosiDA et al. ( 1969) 

report 44 fiom Taiwan. The autosomes consist of one large subtelocen~ 
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tric pair, one small pair of subtelocentrics, one pair of large submetacen­

tric, ten pairs of medium to small telocentrics, and nine pairs of medium 

to small metacentrics. The X is a medium subtelocentric. Three males 

and two females were examined from tall grass, Bangkok, numbers V 115, 

Vll6, Vi77, Vl78, 6870. 

B. Genus Mus (first molar longer than half the tooth row), Mice.' 
' 

1. Subgenus Leggadi/la, Spiny Mice (with skull ridges). 

a. Mus shortridgei, Shortridge's Mouse (3 +2 mamm~e and grey 
bases of ventral fur) . Except for one pair of medium-sized metace1;1tric, 
chromosomes, all are telocentric, with diploid number of 46. This is. 

the basic karyot~pe. Individual variation gives additional teloc~n~ric~, 
often minute, up to 49. This is discussed in a separate paper (QROPP et 

al. ms) together with the ev idence from specimens and pbotogr~p~s. 

2. ·Subgenus Coe/omys, Shrew-mice (with broad frontals and small 

eye). 

a. Mus pahari, Sikkim Mouse (spiny, in Thailand'). Tberla:r'e 

48 telocentric chromosomes in the diploid set, described in the paper 'by 

GHOPP et al. (ms), together 'with the evidence from specimens preserved. 

3. Subgenus Mus, House Mouse and Commensal Alli:es. (long. inCi­

sive foramina, no spines). 
a. Mus caroli, Ryukyu Mouse (long tail, very short nasals, 

dark brown incisors). There are 40 telocentric chromosomes as · in the 
house mouse. Six specimens were examined: a female (no. 17, Museum 

Alexander Koenig) and her litter of two males and one female from a 
pasture at Chiang Mai, male V404 the offspring of a female from Rayong 
x male from Saraburi, and male 357575 in the Smithsonian Institution, 

from the colony at the National Institutes of Health, originally caught 

by· us at Chon Buri Province in a grass field , with karyogram kindly 

supplied by J. Fred Duncan. 

b. Mus cervico/or, Fawn-colored Mouse (short tail, proodont). 
There are 40 telocentric chromosomes as in the bouse mouse. Two 

subspecies are represented by our ten specimens examined. Male 6744, 
male 6751, and female 6750 from teak forest at Tak belong to the large 

race, Mtts cervicolor popaeus, as do~s male V678 of parents from deciduous 
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forest of the Khorat Plateau. Smitbsoniall specimen number 357576 
£rom NIH colomy originally captured by us in a grass field at Chon Buri 
yielded a karyogram prepaJed by and kindly s•Jpplied to us by J. Fred, 
Duncan; it belongs to the race Mus cervicolor cervicolor that is of small 

size and usually found along with Mus caroli in rice paddies. The 
remaining specimens from our laboratory colony are all Fl of crosses 
between popaeus of the Khorat Plateau and cervicolor of Chon Buri: 
females V394, V3'95, and males V401, V402, V403. 

c. Mus cookii, Cook's Mouse (recurved incisors, molar row 4 
mm or more). There are 40 telocentric diploid chromosomes as in Mus 

musculus. Two males, 6722 and 6723, were trapped at the forest edge 
a<t the east base of Doi Luang Chiamgdao, Chiangmai Province. Female 
6749 comes from pine savanna at the summit of Pbu Kradueng National 
Park, Loei Province. 

d. Mus musculus castamus, Asian House Mouse (flat skull, 
short rostrum, small teeth, dark belly concolorous with back). There 
are 40 tdocemtric chromosomes. A male and a female were examined, 

Vl57 and Vl58 respectively, now at Museum Alexander Koenig, Bonn. 
These siblings are offspring of a female (690904-5) captured in a grain 
warehouse at Thon Buri. An additional karyogram was kindly sent by 
Dr. Yosida, from a male specimen caught by us at the same warehouse. 

C. Genus Rattu~ (molar lamellae bent in a chevron shape, postero­
internal cusp missing), Rats . 

. I. Subgenus Berylmys, White-toothed Rats (incisors white, back 
iron-gr.ey). 

a. Rattus berdmorei, Lesser White-toothed Rat (proodont, large 
bl!lHae, 3+2 mammae). The diploid number i·s 40. The autosomes C0111.­

sist of 5 pairs of large subtelocentrics, one large pair of submetacent.dcs, 
6 pairs o:f medium to small telocentrics, and 7 medium to small meta­
centric pairs. Four specimens were examined as follows: female V 154 
now in Musemm Alexander Koenig from lakeside grass, Phetchaburi; male 
'll94 from secondary forest, Nakhon Nayok; and males Vl56 and 
V2fF7 from farm plantation, Khorat Province. 

h. Ratt118 bowersi, Giant White-toothed Rat (recurved incisors·, 
smaU l)ullae, 2+2 m~m.mae)· . The kar~,o~ram is exactly similar to that 9f 
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berdmorei unless it should be pointed out that our one specimen shows 

the fifth pair of subtelocentric chromosomes to be smaller than their 
counterparts in berdmorei. Male V 197 is from oak-chestnut forest at 
the summit of Doi Pui, Chiang Mai. 

2. Subgenus Rajah Rats (shor t, broad incisive foramina; small 
bullae). 

a. Rattus aurifer, Yellow Rajah Rat (yellowish fur, mixed with 
black piles; nasals do not project posteriorly past the level of the pre­
maxilla-frontal suture). The diploid number is 52. The autosomes 
consist of one pair of medium subtelocentric, 19 pairs of large to smarl 
telocentrics, and 5 pairs of large to medium-sized metacentric chromo­
somes. The X chromo.some is a large metacentric; tbe Y is a rath'et 

small subtelocen tric. D uNCAN et al. (1970) and YoNG (1969b) both find 
a difference from the above in one less pair of metaoentrics, a sma}il 
subtelocentric pair instead. The two males examined, V 16'8 and A188, 
were from mixed deciduous forest in limestone hills east of Saraburi. 

3. Su·bgeous Niviventer Group (small forest rats with very long tail 

and rather short palate that is only half or less than half the total length 
of the skull). We have completed a study of this subgenus that is being 
reported elsewhere together with karyograms and specimen data (MAR­

SHALL ~t al. ms). The basic kayotype of all the species in thi-s group thwt 
occur in Hong Kong, Thailand, and Malaysia is a diploid number of 46 
of which the three smallest pairs are metacentric, all the rest telocentric 
except for the next to largest pair, which is subtelocentric. Only excep­

tions to this plan will be mentioned below. 

a. Rattus llil'iventer, White-bellied Rat (dark fuscous; elongated, 
narrow skull; narrow frontals). Three among the largest pairs of auto­

somes, instead of being telocentric as in the other members of the sub­
genus, are submetacentric. This wooly-furred rat from the summit of 
Doi Inthanon, Chiang Mai Province, is according to Dr. G.G. Musser the 
true Rattus niviventer of China and Nepal. The rat which in most of the 
literature goes under the name of niviventer should, we feel, be correctly 
called Rattus fulvescen s bukit. Rattus fuh•escens occurs in deciduous 
forest on Doi Inthanon whereas true R. niviventer (bullae larger) is in the 
summit moss forest of tbe same mountain. 
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b. Rattus rapit orbus, Long-tailed Rat (interorbital breadth 
greater than in the other species, dark rufous color, small bullae). The 
u,sual karyotype. 

c. Rattus fulvescens, Chestnut Rat, Bonhote's Rat (brighter buff 
or rufous colors). The subspecies Rattus fulvescens bukit ranges over 
most of Thailand, where it bas the normal karyotype. But in the 

mountains of the north it intergrades with R. f. huang. These intergrad­
ing populations vary in color from the buff of bukit to the bright rufous 
of huang and some of them, including individuals from both extremes of 

coloration, have several subtelocentric chromosomes. 

4. Subgenus Rattus, Roof Rat and Allies (nasals and premaxillae 
do not extend far in front of incisors, palate prolonged conspicuously to 

'the rear of the third molar, tail uniformly dark in all Thai species except 
the introduced Norway). In this subgenus we shall adhere to the termi­
notogy and analysis of YosmA et al. (1971b). The characteristic karyo­

type is of 42 chromosomes including seven pairs of medium to small 
metacentrics. These are grouped to the right of Yosida's ideograms. 
The remaining 13 autosomal pairs are usually telocentric and they are 
numbered in order of decreasing size from 1-13. Numbers 1, 4, 6, 7, 9, 

11 and 13 become subtelocentric in various taxa within the subgenus 

that we find includes full species as well as subspecies, whereas Dr. Yo­
sida thinks they are all subspecies of "Rattus rattus." In most of the 
taxa that have subtelocentric chromosomes, numbers I, 9, and 13 are 
involved. Number I is often heteromorphic, and in Japan there is 
individual variation as well as geographic variation in whether number 

1 is heteromorphic, homomorphic telocentric, or homomorphic subtelo­
centric. In the following accounts only differences from the basic 

karyotype will be mentioned. 

a. Rattus norvegicus, Norway Rat (fairly straight and parallel 

parietal ridges) . Autosomes 1, 9, 11, and 13 are all sub telocentric. 
Females Vl64, Vl75, 6902, and a male, 6904, were all caught at Mar­
shall's bouse in Bangkok. 

b. Rattus 11itidus, Himalayan Rat (long nasals, small bullae, 
soft fur, pearly white feet). Autosomal pairs numbers I and 5 are sub­
telocentric, whereas number 13 is a metacentric pair. The six specimens 





30 MARKVO NG , MARSHALL & GROPP 

h. Rattus rattus, Roof Rat (large bullae, slender rostrum, 2+3 

mammae with tendency for twinning of the postaxial nipples). Our 
colleagues from Kuala Lumpur unanimously agree that their wild, pale­
bellied, smallish r;at, jalorensis, is a different species from Rattus rattus. 

However we are compelled temporarily at least to include all the Thai 

examples in the one species R. rattus because we have not yet been ab'le 
to recognize the skull differences in Thai material nor to find the break 

between jalorensis (type locality at Pattani, Thailand) and Rattus rattus 

thai of the north, if tlJere is such a break. Figure 2 contains a hint in 
the north to south line-up of ideograms. Between the ·central plains 
population and thart of Chiang Mai is a change-over from subtelocentric 

pair number 9 (characteristic of jalorensis) to telocentric 9 (characteristic 

of thai and populations northward to China and Japan). 

Normal R.r. thai karyograms have been pictured in Guorr et al. 

(1970), wherein the specimen evidence is also given. There are no sub­

telocentric chromosomes. We add here an additional normal specimen 

from Chiang Mai, female 6940. 

The population of the Central Plains is similar to the above except 
for the largest autosomal pair, which is heteromorphic or homomorphic 
subtelocentric. Furthermore, two specimens, shown in figure 2, have an 

additional single or pair of subtelocentrics, suggesting jalorensis. The 

five specimens are from houses, farms, and tall grass at Bangkok, Saraburi, 
and Khorat: males Vl38, Al84, Vl71, 6951, and female VJSI. 

Two specimens of Rattus rattus robinsoni from woodland on Samui 

Island appear to have heteromorphic pairs 1 and 9. They are females 

V119 and 6910. 

Our only two examples of jalorensis of the peninsula are from beach 
woodland, Ranong Province. Pair number l is t~locentric; 9 is subtelo­
centric. Karyograms are diagrammed in figure 2. Number 2090 is a 

female. The male, number 2088, is extremely odd both in coloration 

and karyotype and is undoubtedly not representative. 

For better or for worse karyology has gotten far ahead of morpho­
logy-taxonomy in the species "Rattus rattus." Cytology is pointing out 
the places to look for those skull difJerences that are so needed, if the 
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group is to be split. And the discovery of only 38 chromosomes in the 

true Rattus rattus, the black rat of Europe, by Ctii'AN N ~> and CtVITELLl 

(1969) together with its very long tail and its polycbromatism requires 

that we justify anatomically or ecologically our continued union of it 
and the eastern Asiafl forms. 

5. Subgenu§ Leopoldamys, Giant Hats (very long, bicolored tail, 
small bullae). 

a. Rattus sabanus, Long-tailed Giant Rat (color brighter, 
pattern more contrasting, and tail longer than with R. edwardsi) . The 
diploid number is 42, mostly telocentric chromosomes. Four among 
the largest pairs are subtelocentric; two of the smallest are metacentric 

pairs. A male, V 149, and female, Al87, are from everg.reen forest of 
limestone raviees near Saraburi. Female V 176 is from dry evergreen 
forest at Khorat Province. 
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Plate v should read Plate I 
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