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The chromosomes of 45 mongooses (Herpestinae) representing 5 genera and 12 species 
were studied mainly in tissue cultures of skin biopsies. Karyotypes and idiograms were 
constructed for the different species, and every chromosome was compared through all the 
species. 

All species of the genus Herpestes have the functional Y chromosome translocated on to 
an autosome, and consequently the males have one chromosome less than the females. 
This “pseudo-XO/XX or X,X,Y/X,X,X,X, sex chromosome mechanism is unique among 
the Carnivora. All species of the other genera studied have the usual XY/XX mechanism. 

The most frequent chromosome number in the Herpestinae is 2n = 36, but some species 
have different numbers. Herpestes ichneumon has 2n = 43/44, H .  sanguineus 2n = 41/42 
and H. pulverulentus 2n = 39/40; the remaining Herpestes species have 2n = 35/36. Helogale 
parvula, Mungos mungo, Crossarchus obscurus and Cynictis penicillata all have 2n = 36/36. 
The karyotypes of the different species show great similarities; the deviations in chromosome 
number in Herpestes ichneumon, sanguineus and pulverulentus can be accounted for by 
centric fusion/fission events, in the last-mentioned species in combination with pericentric 
inversions. In six species of Herpestes the neo-Y chromosome was identified as one relatively 
large t chromosome, showing intraspecific morphologic variation in two of the species. The 
Y of Helogale, Mungos and Crossarchus is a very small m chromosome, that of Cynictis is 
somewhat larger. The true X chromosome (X, of Herpestes) is most likely identical in all 
species: i t  is a medium-sized m chromosome comprising 5 per cent of the female haploid set. 

Two alternatives of karyotype evolution in Herpestinae are discussed. Five species, not 
studied by the present author, are included in the discussion. Their karyotypes fit well into 
the general pattern with the exception of Atilax paludinosus (2n = 35/36), which for cyto- 
genetic reasons should be included in the genus Herpestes. Some features of the karyotypes 
of the mongooses are unique among the Carnivora and the karyological data support the 
view of elevating the subfamily Herpestinae to the rank of family Herpestidae. 

In 1964 it was discovered that the small Indian revealed that the X chromosome did not behave 
mongoose (Herpestes auropunctatus) had a deviat- as a univalent at  diakinesis and metaphase I, 
ing sex chromosome mechanism (FREDGA 1965). but attached end-to-end to one autosomal bi- 
The female studied had 36 chromosomes, in- valent. The conclusion was that the original Y 
cluding two X chromosomes, whereas two males chromosome - or part of it - had been trans- 
both had 35 chromosomes including one X located on to an autosome, but due to the small 
chromosome but no Y. The study of male meiosis size of the Y segment relative to theautosome, this 
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chromosome could not be recognized in somatic 
cells with the technique used (direct preparations 
from bone marrow). The sex-chromosome mecha- 
nism was apparently XX female, XAY male, where 
A stands for an unidentified autosome and y for 
a deleted and translocated Y chromosome. This 
type of sex chromosome mechanism might also 
be called “pseudo-XO/XX” (PECCININI et a]. 
1971). 
In 1965 MATTHEY described a similar type of 

deviating sex-chromosome mechanism in another 
mammal, Mus minutoides ssp,, but in this case 
the A-Y chromosome was immediately recog- 
nizable. When this is the case, it is convenient to 
use the nomenclature XIXIX2X2 female, X,X2Y 
male, where X, is the true X chromosome, Y is 
the Y-autosome-translocation chromosome and 
Xz is its non-Y-carrying homologue. 

The unexpected finding in the mongoose was 
brought in doubt when TALUKDAR and MANNA 
(1966) reported 36 chromosomes and a small 
Y chromosome in a male of Herpestes auropunc- 
tutus. Again, when TODD and PRESSMAN (1966) 
found 35 chromosomes in another male of the 
same species, the question was raised as to 
mosaicism (TALUKDAR and MANNA 1966) or 
intraspecific polymorphism (MATTHEY 1967). The 
present author decided to elucidate these pro- 
blems and started by analyzing the chromosomes 
in different tissues of a male, and in 1967 he 
published the results from a study of the chro- 
mosomes in 654 cells from six different tissues of 
a third male of H. auropunctatus. The somatic 
chromosomes were analyzed in direct prepara- 
tions from bone marrow and in tissue cultures 

Hence, the above-mentioned report by TALUKDAR 
and MANNA (1966) remains a mystery (see dis- 
cusssion by FREDGA 1967b). So far the presence 
of a heteromorphic chromosome pair, as describ- 
ed by FREDGA (1967a), has not been confirmed 
by other authors. As will be shown in the present 
paper, this chromosome pair represents the X2 
and the Y chromosomes and is a feature charac- 
teristic of males of many species of the genus 
Herpestes. 

The report of a deviating sex-chromosome 
mechanism in H. auropunctatus - the first 
species of the family Viverridae to be studied 
chromosomally - initiated studies of other 
species of the Viverridae in general and of the 
Herpestinae in particular. Now the chromosomes 
of at least one representative of all the six sub- 
families of the Viverridae have been studied, and 
the results indicate that the deviating sex-chro- 
mosome mechanism is restricted to the Herpes- 
tinae. Rather soon, however, it became evident 
that not all species of the Herpestinae had the 
XX/XAy or XlX1X,X2/XIX2Y sex-chromosome 
mechanism. In 1966 TODD and PRESSMAN re- 
ported 2n=36 and a small individual Y chro- 
mosome in a male Suricata suricatta and later 
similar findings were reported in Cynictis peni- 
cillatu (GERNEKE 1967; TODD et al. 1967), 
Bdeogale nigripes and Ichneumia albicauda 
(WURSTER and BENIRSCHKE 1968). Only one or 
two males of each species were studied and still 
no systematic chromosome investigation of the 
Herpestinae exists. To fill this gap the present 
study was undertaken and the aim was primarily 
to answer the following auestions: - _  

from kidney, heart, lung, skin and testis. Since (1) Which species have the deviating sex-chromo- 
all cells of the tissues examined contained 35 
chromosomes, the conclusion was that H. 
auropunctatus is not a sex-chromosome mosaic. 
Due to the tissue culture technique, better chro- 
mosome preparations were obtained this time, 
and one heteromorphic chromosome pair was 
discovered, even though its implications on sex 
determination had to be left open until more 
material, from both male and female specimens, 

mechanism and how and when did this 
mechanism originate? 

(2) How is the normal sex ratio maintained in  
species with XXIXAy sex chromosomes~ 

(3) Which autosome is involved in the trans- 
location? 

(4) Is there a definite trend in karyotype evolu- 
tion in this group of mammals? 

could be examined. The present paper is the first in a planned 
Up to now the present author has studied series of 3 papers with the common title: Com- 

altogether 7 males and 4 females of H .  auro- parative chromosome studies in mongooses (Car- 
punctatus and others have studied at least 11 nivora, Viverridae). Questions (l), (3) and (4) 
males and 5 females of this species (cf. Table 18) will be dealt with in the present paper and in a 
without finding a single case of a male having forthcoming paper: “11. Autoradiographic stu- 
36 chromosomes and a small Y chromosome. dies.” Question (2), although answered in prin- 
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ciple in FREDGA (1970), will be treated in detail 
in “111. Male meiosis”. It is expected that a 
better understanding of question (4) will result 
from the application of the new staining techni- 
ques, QM fluorescence and various Giemsa 
procedures. 

Animal material 
In all, 45 mongooses of 12 species and five 
genera were investigated. The intention was to 
study at least one specimen of each sex of as 
many species as possible from genera of different 
specialisation within the subfamily Herpestinae. 
However, sometimes only one specimen of a 
species was available (Crossarchus obscurus) or 
the “pair” obtained turned out to be two males 
(Herpestes sanguineus) or two females (Herpestes 
urva). The animals were obtained alive from 
different sources in the years of 1964- 1970. 
Fig. 1 and 2 show the appearance of the different 
species studied and the entire material is surveyed 
in Table 1. The taxonomic identity of the animals 
was based mainly on the following literature: 
POCOCK 1916, 1941, SCHWARZ 1947, ROBERTS 
1951, HINTON and DUNN 1967, and DORST and 
DANDELOT 1970. For a control of the determina- 
tions a personal visit was paid to the British 
Museum (Natural history) in November 1969, 
on which occasion the mongoose collection of the 
Museum was examined. In 1966, the skulls of 
specimens H. a. 1-3 were sent to the British 
Museum for identification and Dr. R. W. Hay- 
man kindly replied: “The three skulls agree very 
well with Herpestes auropunctatus HODGSON, the 
small Indian mongoose.” All attempts to deter- 
mine the animals studied as to subspecies were 
postponed until the publication of measurements 
and other descriptive data. 

The nomenclature of HINTON and DUNN (1967) 
seems to be best in agreement with that generally 
accepted today and will be followed in the present 
work. The sequence of the genera is the same as 
in HINTON and DUNN and the sequence of the 
species within the Herpestes conforms with 
MORRIS (1965). As will be clear from the present 
study, this sequence is also applicable on the 
basis of karyological data. 

The majority of the animals were bought from 
Ravensden Zoological Company Ltd., Bedford, 

England, viz. the following: Herpestes ichneumon 
1-3,  H. sanguineus 1-2, H.  auropunctatus 1-7, 
H. fuscus 1-2, H. urva 1-2, H. brachyurus 1-2, 
Mungos mungo 1-2, Crossarchus obscurus 1 and 
Cynictis penicilIata 1-2. The following animals 
were obtained from Bureau d’Exportation, 
Karachi, West Pakistan: Herpestes auropunctatus 
8- 1 1 ,  and H. edwardsi 1-4. The two specimens 
of H. pulverulentus were a gift from Dr. T. D. 
GLOVER, Unit of Reproductive Biology, Universi- 
ty of Liverpool, England, and sent to Lund by 
the Animal Travel Service, Cape Town, South 
Africa. Offspring was obtained from only one 
pair, viz. the Mungos mungo, the M .  m. 3-12 
representing their first three litters born in Lund. 

Some of the mongooses are still alive and the 
dead ones are preserved at the Zoological 
Museum of the University of Lund and included 
in their collection of mammals. 

Comments to Table 1. All mongooses studied 
by the author are included in the table. The 
specimens H. a. 1-3 and H .  a. 4 are those studied 
by FREDGA (1965, 1967a). The majority of ani- 
mals listed in the table are included in Table 3 in 
FREDGA (1970). The following Specimens, lacking 
in that table, had not been investigated at that 
time H . p .  1-2, H .  a. 8-11 and H. e. 1-4. 

In the text and in some figures abbreviations 
are used for the species or animal under dis- 
cussion. The initials of the scientific name are 
generally used and each individual of a species 
is given a number (column “Animal” in the table). 
The next column gives the author’s code number, 
successive numbers being used regardless of 
species, starting with 01 for each year (the last 
two figures). The sex is indicated in the next 
column (M = male, F = female). Braces indicate 
either that the animals were obtained together 
or that they belong to the same litter (H. a. 
5-7, M. m. 3-5, 6-8, 9-12). That the animals 
were obtained together might mean that they 
were from the same geographical area or locality, 
and might also indicate that they were related, 
although this was never confirmed. In the column 
“Origin” all available information about the 
locality or area where the animals originally 
were trapped or bred is gathered according to the 
information required from the dealers. Un- 
fortunately, this information is incomplete in 
many cases. The table also includes information 
about the tissues and passages utilized for the 
chromosome studies in the individual cases (only 
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4 KARLFREDGA 

Fig. 1 .  The mongooses studied, a: Herpestes ichneumon; b: Herpestes sanguineus; c :  Herpestes pulverulentus; 
d: Herpesfes auropunrtatus; e: Herpestes .fuscus; f: Herpestes edwardsi. 
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Fig. 2. The mongooses studied, a: Herpestes urva; b: Herpestes brachyurus; c: Crossarchus obscurus; d: Mungos 
niungo; e: Helogale parvula; f Cynicris penicillafa. The photos in Fig. 1 and 2 give an idea of the relative sizes of 
the species. 
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the bone-marrow preparations were direct pre- 
parations). Thus, PI-P38 means that the chro- 
mosomes were studied at different passages be- 
tween 1 and 38. Chromosome preparations were 
sometimes made from different cultures of the 
same passage number. W-P6 (P99) means that 
preparations were made from passages 0 (primary 
culture) to 6 as described above, and also from 
passage 99, but not between passages 6 and 99. 

Methods 
1 .  Chromosome preparations 
For the present comparative study it was neces- 
sary to obtain chromosome preparations of high 
quality and for that reason the tissue-culture 
technique was chosen and used throughout the 
investigation. Cell cultures were initiated from 
biopsies of different origin, primarily from skin 
but also from heart, lung and testis and ex- 
ceptionally from kidney and muscle (Table 1). 
The biopsies were taken aseptically, the skin and 
testis under ether anaesthesia and the others after 
the death of the animal. The piece of skin, 
about 2 X 10 mm in size, was taken from the 
inside of a thigh after the hair was shaved off and 
the skin cleaned with pHiseHex (Winthrop). The 
piece was immediately transferred to a tube with 
5 ml of tissue-culture medium and processed 
further in the tissue-culture laboratory in the 
following way: The biopsy was minced with 
scissors and planted in 2-3 milk dilution bottles 
(bottom area approx. 45 X 130 mm) with screw 
caps. In order to have the tissue fragments 
attached to the glass, the bottles were placed 
upside down for some hours, 10 ml medium being 
added to the “ceiling” of the bottles. The cells 
were usually grown in basal medium Eagle with 
Hank‘s salts with 20% calf serum and containing 
100 IU of penicillin and 0.2 mg streptomycin per 
ml, pH=7.2. The bottles were incubated at 
36-37°C; usually after 2-3 weeks the cells had 
grown out sufficiently to be transferred to 2-3 
new bottles (Pl). The biopsies from the other 
tissues were handled in a similar way. Usually 
explants from lung and testis grew faster and 
were transferable after 1-2 weeks. After the 
first transfer, the cultures were usually subcul- 
tured once or twice a week. Chromosome pre- 
parations were made from as early passages as 
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possible, in some cases even from the primary 
culture (PO) but usually from the first subculture 
(Pl) (cf. Table 1). The cells were refed 24 to 48 
hours prior to harvesting, and before trypsiniza- 
tion the cultures were treated for one hour with 
0.1 pg Colcemid (Ciba) per ml medium. The cells 
were loosened by replacing the medium with 
2 ml of 0.25% trypsin solution at 37°C (Difco 
1 :250, pH 7.6), which was left on for 5-10 
minutes. Hypotonic treatment was performed by 
addition of 4 ml of distilled water and after 10- 15 
minutes the cells were centrifuged for 5 minutes 
at 500-1000 rpm. The cell button was fixed for 
10-20 minutes in a mixture of 9 parts 60% acetic 
acid and 1 part 1N HCI. After the fixative was 
poured off, the cells were resuspended in a 
few drops of stain (2% orcein in 60% acetic acid) 
and a drop of the cell/stain suspension was 
placed on a slide and squashed under a coverslip 
in the usual way. The preparations were sealed 
with Kronig cement. By using siliconized cover- 
slips the squashing could be improved and the 
cells remain on the slide, when the coverslip was 
removed by the quick-freeze method of CONGER 
and FAIRCHILD (1953). This is valuable for making 
the semipermanent preparations permanent and 
for processing the preparations for autoradio- 
graphy. 

2. Chromosome measurements 
Favourable cells were photographed under oil 
immersion (Apochromat HI 100/1.32 or Plan- 
achromat HI 100/1.25) at a magnification of 
940 X on the film. Copex Ortho film was used, de- 
veloped 8 minutes in Rodinal 1 : 50 at 20°C. The 
measurements of the chromosomes were perform- 
ed on photographic enlargements at a magnifica- 
tion of 5000 X . A large number of cells from each 
specimen were arranged into karyotypes and the 
best of them selected for the measurements. As a 
rule the chromosomes of 5 cells from each sex 
were measured (Table 2), but in the case of H. 
sanguineus 5 cells from each of the two males were 
used, from H. urva 5 female cells and from 
Crossarchus obscurus 5 male cells. From H. 
edwardsi 5 female and 10 male cells were selected 
for measurements; the male cells were from the 
same individual but from two different passages, 
P1 and P8. This was done to find out whether the 
karyotype had undergone any changes during 
the time in culture and whether the addition of 
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tritiated thymidine to the culture medium had 
affected the karyotype. Since this was not the 
case (Table 23) many of the measurements were 
actually made on labelled cells, later on used for 
autoradiography (indicated with x in Table 2). 
Even though autoradiography was valuable for 
the identification of certain chromosomes, parti- 
cularly the X, labelled cells were not exclusively 
used for the measurements, the main principle 
being to choose cells most favourable for measure- 
ments, namely well-fixed cells with the chromo- 
somes in one plane, at an optimal degree of con- 
traction and with a minimum of overlapping. 
In order to avoid individual errors, all photo- 
graphic enlargements and measurements were 
performed by one and the same person, the 
author. 

The chromosome measurements were carried 
out by placing one arm of a bipointed compass 
in the middle of the centromere and the other 
at the end of each arm. If the two chromatids 
were of different lengths, it was first decided 
whether one of them was overcontracted or 
overelongated. If that was the case the abnormal 
chromatid was discarded; if none of the chroma- 
tids appeared abnormal the mean value of the 
two chromatids was used. However, problems 
of this kind were rare, since the two chromatids 
were usually of equal length. As will be discussed 
later, some chromosomes had vague satellites 
but due to their small size and irregular occurren- 
ce they were neither included in the measure- 
ments nor indicated in the idiograms. The length 
of the chromosome arms was scored with an 
accuracy of 0.5 rnm. Absolute length, relative 
length and centromeric index were calculated for 
each chromosome. 

Chromosome nomenclature 
There are two main principles in the nomen- 
clature of chromosomes, one based on the total 
length of the chromosome, the other based on 
the centromeric position. Both systems have 
advantages and disadvantages. In the former 
system the chromosomes are numbered conse- 
cutively from the longest to the shortest chro- 
mosome, which has the advantages that a number 
is easier to remember than a combination of 
letters and numbers, and that the number of the 

smallest chromosome indicates the haploid chro- 
mosome number minus 1 (this is not the case in 
species in which the sex chromosomes are in- 
cluded in the numbering, as in some nomen- 
clatures of the Chinese hamster chromosomes). 
In the latter system, the chromosomes are first 
divided into classes on the basis of centromeric 
index, and then numbered within each class 
according to decreasing length. This system has 
the advantages that the combination of letters 
and figures will give some idea about the mor- 
phology of each chromosome, and also that in 
many species the chromosomes become divided 
into more natural groups. The criteria for the 
groups should be defined for each individual 
material with the sole purpose of making the 
subdivision of the karyotype as natural and 
convenient as possible. The nomenclature re- 
commended by LEVAN et al. (1964), making use 
both of total chromosome length and location of 
the centromere, seems to have been accepted 
generally and has been applied in the present 
study. The chromosomes were included in any 
of the four classes m, sm, st and t with centro- 
meric indices as follows: 

m 50-37.5 
sm 37.5-25.0 
st 25.0 - 12.5 
t 12.5-0.0 

In the individual idiograms of the species the 
chromosomes were strictly distributed into these 
classes. In the karyotypes, on the other hand, the 
chromosomes were arranged in a somewhat differ- 
ent way, in order to clarify the similarities among 
the different species. Because many chromosomes 
turned out to be borderline cases in the m-sm-st-t 
system, the demand for another grouping with 
slightly changed class limits was felt very strongly 
when comparisons were undertaken with the 
individual chromosomes among the species. This 
resulted in a modified division of the chromo- 
somes, viz. into four groups called A, B, C, and 
D, within each of which the chromosomes were 
numbered essentially according to decreasing 
length. The boundaries for the centromeric 
indices were chosen as follows: 

A 50-40 
B 40-30 
C 30-20 
D 20-0 
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As is evident from Table 17, this modified sub- 
division is natural and convenient in the great 
majority of chromosomes in all of the species 
dealt with in the present work. There are 6, 6, 
4 and 2 chromosome pairs in the groups A, B, 
C and D, respectively. The X (X,) chromosome 
is included in group A, the X, and Y chromo- 
somes in group D. In the karyotypes group A 
occupies the first row, group B the second and 
groups C and D the third. 

In two species, H. ichneumon and H .  sanguineus, 
4 and 3 pairs of m-sm chromosomes in the 
“standard” mongoose karyotype were substituted 
by 8 and 6 pairs of t chromosomes and in H. 
pulverulentus 2 large pairs of sm chromosomes 
were missing and 4 “new” sm-st chromosomes 
were present. In the karyotypes of these three 
species, gaps were left open in the first and/or 
second rows and the “new” chromosomes were 
placed in a fourth-row. 

In brief, the idiograms show the dissimilarities 
among the species, the karyotypes the similari- 
ties. When the karyotype of a species is described, 
the nomenclature generally accepted is used (m, 
sm, st, t); when the karyotypes of the different 
species are compared, the modified nomenclature 
adapted to the chromosomes of the subfamily 
Herpestinae is used (A, B, C, D). 

Usually mammals have XX/XY sex chromo- 
somes. In many mongooses, the functional Y 
has been translocated on to an autosome giving 
rise to a difference in chromosome number 
between female and male, the males having one 
chromosome less than the females. In the present 
study, the autosome-Y-translocation chromo- 
some is designated Y, the non-Y-carrying homo- 
logue is designated X,, and the true X is designat- 
ed X,. Some mongooses, like a few other species 
(survey in FREDGA 1970), thus have X,X,X,X,/ 
XIX,Y sex chromosomes. It must be stressed, 
however, that X, is an autosome and has nothing 
to do with sex determination. 

Results 
1. General remarks 

attention was paid to the morphology and appear- 
ance of the D chromosomes (viz. the stl or st2, 
Xa and the Y). Cells with deviating chromosome 
numbers were found regularly but in low fre- 
quencies (cf. FREDGA 1967a), and in no single 
specimen were found indications of mosaicism 
either within or between tissues. No intraspecific 
differences in chromosome number and mor- 
phology could be verified apart from the following 
exceptions in regard to chromosome morphology: 
The Y chromosomes differed in the two males 
studied of both H. ichneumon and H. sanguineus, 
and two autosomss were abnormal in one speci- 
men of Mungos mungo. This individual, born in 
captivity in Lund, turned out to be heterozygous 
for a balanced reciprocal translocation. 

The rcjults of the chromosome measurements 
are presented in Tables 3-6, 8-15 and 19-28. 
In the tables, as in the idiograms, all chromo- 
somes are placed in any of the classes m, sm, st 
and t, and arranged within each class in order of 
decreasing length. For each chromosome, total 
absolute length is given in p, total relative length 
in parts per hundred of female haploid set, and 
the centromeric index (c.i.) is calculated from 

the formula c.i. = - (p = short arm, q = long 

arm of chromosome). Standard errors (S.e.) for 
absolute length, relative length and centromeric 
index are also included in the tables. Tables 3-6 
and 8-15 give the mean values for each species, 
Tables 19-28 (appendix) give the measurement 
data for each individual (for Herpestes urva and 
Crossarchus obscurus the values for the only 
individuals measured are given in Tables 10 and 
14). In the Tables 3-6 and 8-15 the relative 
lengths for each chromosome arm, calculated 

c.i.(p + q) 
, are also given. 

100 
from the formula p =  

The values of X, and X, are weighted means of 
the male and female values. 

Idiograms and karyotypes, printed at the same 
magnification, are presented for each species. 

100 
P + 9  

2. Karyotypes and idiograms 
A. Ichneumon, Herpestes ichneumon (LINNAEUS) 

(1758) 
A large number of cells were analysed micro- Two males and one female were studied, 2n = 43 
scopically from each individual. The chromosome male, 44 female. The karyotype is shown in 
number was determined for each cell and special Fig. 3 and the idiogram in Fig. 4. The results 
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Fig. 3. Karyotypes of Herpestes ichneumon, a: male, 2n = 43 (H. i .  I); b: female, 2n = 44. - X 2,880. 
This magnification of the chromosomes, is used throughout the article unless otherwise stated. 

Hereditas 71, 1972 
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I 

4 5 6  XI 
rn sm s t  t 

Fig. 4. ldiogram of Herpestes ichneumon; unit of the 
ordinate, per cent of total haploid female chromosome 
length. 

of the chromosome measurements are given in 
Tables 3 and 19. 

The karyotype consists of 6 m, 4 sm, 2 st and 
8 t autosome pairs. The XI chromosome is an m, 
the X, an st and the Y a t or st chromosome (see 
below). The largest chromosome of the comple- 
ment is st 1 and the smallest t8. 

Chromosome ml  is very similar to XI, which 
is slightly larger and has a somewhat lower 
centromeric index. The m2-m6 pairs are similar 
but may be distinguished individually in good 
preparations on the basis of relative length and 
centromeric index; m2 and m5 have a centro- 
meric index of 38 as compared with 41-43 in 
the other three pairs. Among the sm chromo- 
somes, sm4 is easily identified, whereas the other 
three pairs form a group of relatively large 
chromosomes with a centromeric index of 
27-33; sm2 is intermediate in size and has the 
highest centromeric index of the three pairs. 
The stl and st2 pairs are easily identified on the 
basis of length and centromeric index. As to their 
length, the t autosomes form a continuous series 
making individual identification dubious even 
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though probably the largest and the smallest 
pairs are recognizable. Small “heads”, occa- 
sionally seen in some members of this group, 
were of none or little help in the identification of 
individual pairs; they were neglected at the 
measurements, at which all chromosomes of 
this group were regarded as lacking a short arm. 

The XI is the largest of the m chromosomes and 
constitutes 5.0 per cent of the length of the female 
haploid set (A+X). The X2 is considerably 
smaller than the Y and may be confused with the 
pairs sml and sm3. The Y turned out to be differ- 
ent in the two males studied (Fig. 10). The Y 
of H. i. 1 which is shown in the karyotype and 
in the idiogram is smaller than that of H. i. 3 
due to a smaller short arm. The Y of H .  i. 1 is 
the second largest chromosome and easily re- 
cognized due to its small short arm (c.i. = 10.4). 
The Y of H. i. 3 is of the same size as the largest 
autosome (stl) and not so easily recognized, but 
its centromeric index (18.3) is clearly different 
from that of stl (24.3). Measurements were per- 
formed on chromosomes stl,  st2, X2 and the Y 
of 5 cells from H. i. 3 and the size of the long 
arm of the Y was calculated relative to the total 
length of stl. It was shown that the ratio obtained 
in H. i. 3 was similar to that in H. i. 1 (1.22 and 
1.17, respectively). The centromeric index of stl 
from H. i. 3 was in good agreement with that of 
H. i. 2 and H. i. 1 (24.1, 23.5 and 25.4, respective- 
ly). 

Vague satellites were observed more or less 
regularly on the short arms of one m chromo- 
some, most likely m4, and on the short arms of 
sm3, st2 and X, (Fig. 5). 

Previous chromosome studies on this species 
do not exist. An old reference needs to be clari- 
fied, however. In MAKINO’S chromosome number 
atlas (1951) the following information is listed: 
“Mungos ichneumon (‘Mongoose’), n ca 24 6, 
prob. X-0 $, JORDAN 14” (I.C., p. 282). This has 
been cited even quite recently (e.g. WURSTER and 
BENIRSCHKE 1968). In the paper by JORDAN, the 
mongoose studied was not referred to by its 
scientific name. Since Herpestes ichneumon is 
neither a member of the native fauna of the West 
Indies, nor has ever been introduced there, it 
seems most likely that the species studied by 
JORDAN, the material of which emanated from 
Jamaica, was actually Herpestes auropunctatus. 
This species is common in Jamaica since 1872 
when it was introduced and successfully estab- 
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Table 3. Chromosome measurements of Herpestes ichneumon 
Mean of 5 female and 5 male cells 

Chromo- Absolute length Relative length, % of female haploid set Centromeric 
some in p index 

P 9 P + 9  

Mean S.e. Mean Mean Mean S.e. Mean S.e.  

XI 
ml 
m2 
m3 
m4 
m5 
m6 

3.19 0.08 2.14 
3.19 0.08 2.29 
2.61 0.05 1.55 
2.49 0.05 1.61 
2.38 0.05 1.57 
2.24 0.04 I .33 
2.18 0.03 1.46 

sm 1 4.01 0.08 I .79 
sm2 3.83 0.07 1.95 
sm3 3.70 0.08 I .53 
sm4 3.04 0.05 I .27 

st I 
st2 
XZ 

4.88 0.10 1.84 
4.52 0.08 1.32 
3.97 0.1 1 1.29 

Y 4.80 0.21 0.75 
t l  3.02 0.07 - 
t2 2.68 0.06 - 
t3 2.54 0.05 
t4 2.30 0.05 
15 2.14 0.05 
16 2.02 0.04 
17 1.91 0.05 - 
18 1.65 0.04 

- 
- 
- 
- 

- 

2.84 4.98 0.05 43.0 0.6 
2.65 4.94 0.05 46.4 0.4 
2.50 4.05 0.03 38.3 0.3 
2.24 3.85 0.04 41.0 0.4 
2.12 3.69 0.03 43.2 0.5 
2.17 3.50 0.05 37.9 0.5 
I .93 3.39 0.04 43.1 0.5 

4.42 6.21 0.04 28.8 0.3 
3.98 5.93 0.04 32.8 0.4 
4.20 5.73 0.05 26.7 0.5 
3.44 4.71 0.04 26.9 0.5 

5.71 7.55 0.06 24.4 0.4 
5.69 7.01 0.06 18.8 0.3 
4.91 6.20 0.06 20.8 0.5 

6.48 7.23 0.12 10.4 0.4 
4.67 4.67 0.06 - - 
4.15 4.15 0.03 
3.92 3.92 0.02 
3.56 3.56 0.04 
3.31 3.31 0.04 
3.12 3.12 0.03 
2.96 2.96 0.04 
2.55 2.55 0.03 

- - 
- - 
- - 
- - 
- - 
- - 
- - 

lished there (HINTON and DUNN 1967); it has 
2n = 35 male, 36 female (FREDGA 1965). JORDAN 
writes that “at metaphase . . . . . ., no chromosome 
seems marked by peculiar behaviour or uncom- 
mon size. An accurate count seems impossible 
. . . . ., the number of chromosomes is somewhere 
around 24”. Although this statement indicates 
that 2n=ca 24, it seems clear from the entire 
background of the paper that JORDAN means the 
number of bivalents at metaphase of the first 
meiotic division. The statement “prob. X-0” is 
interesting in the light of our present knowledge, 
viz. that some mongoose species have a “pseudo- 
X O / X X  mechanism for sex determination. How- 
ever, in addition to the mongoose, JORDAN in- 
cludes the cat, squirrel, pig and rabbit into the 
group of animals with heterochromosomes lack- 
ing in the male, as contrary to the white mouse, 
sheep, horse, mule, bull and dog. Considering 

that now the last-mentioned ten species are all 
known to possess a normal sex-chromosome 
mechanism with X and Y chromosomes of differ- 
ent size in the male, it is sensible not to strain 
the details of JORDAN’S observations too much. 

B. Slender mongoose, Herpestes sanguineus RUP- 
PELL (1836) 
Two males were studied, 2n=41 male, (42 fe- 
male). The karyotypes is shown in Fig. 6 and the 
idiogram in Fig. 7. The results of the chromosome 
measurements are given in Tables 4 and 20. 

The karyotype consists of 4 m, 6 sm, 3 st and 
6 t autosome pairs. The X, chromosome is an m, 
the X, an st and the Y a t chromosome. The 
largest chromosome of the complement is st 1 and 
the smallest t6. 

Chromosome ml is easily distinguishable. 
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highest centromeric index of the three pairs. 
The sm4-sm6 pairs are distinguishable indivi- 
dually on the basis of length and centromeric 
index; sm5 has the lowest centromeric index and 
sm6 is the smallest of these three pairs. The sm4 
pair is most easily confused with m3. The stl,  
st2 and st3 pairs are readily distinguished indi- 
vidually, the greatest problem is to recognize 
st2 from Xa which also is an st chromosome, but 
Xz is smaller and has a higher centromeric index 
than st2. As to their length, the t autosomes form 
a rather continuous series making individual 
identification of at least the four smallest pairs 
dubious. No distinct short arms were observed 
on any of the t autosomes. 

The XI chromosome constitutes 5.2 per cent 
of (A + X). The X2 is smaller than the Y which is 
the second largest chromosome of the comple- 
ment. Also in this species, the Y turned out to be 
different in the two males studied (Fig. 10). 
The centromeric indices of the Y's of H .  s. 1 
and H. s. 2 are similar (11.2 and 10.6, respectively) 
but the total relative lengths are different (7.20 
and 7.70, respectively). This difference is statisti- 
cally significant; t = 3.75, df = 8, 0.002 < P < 0.01. 
The mean value of the Y chromosomes of the 
two males is used in the idiogram. 

Previous chromosome studies on this species 
do not exist. 

C. Cape grey mongoose, Herpestes pulverulentus 
WAGNER (1839) 

One male and one female were studied, 2n = 39 
male, 40 female. The karyotype is shown in Fig. 8 
and the idiogram in Fig. 9. The results of the 
chromosome measurements are given in Tables 5 
and 21. 

The karyotype consists of 4 m, 8 sm and 6 st 
autosome pairs; no t autosomes are present. 
The XI chromosome is an m, the X, an st and the 
Y a t chromosome. The largest chromosome of 

Fig. 5. Herpestes ichneumon, female; chromosomes st2, 
Xz, sm3 and m4 from five cells at early metaphase 
showing vague satellites on the short arms. The satellites 
of the two chromatids of each chromosome sometimes 
appear separate, and sometimes fused. - x 2,420. 

Chromosome m2 is very similar to XI, which is 
slightly larger and has a somewhat lower centro- 
meric index. The m3-m4 pairs may be distin- 
guished individually on the basis of length and 
centromeric index, m4 being shorter and with 
a more median position of the centromere. The 
sm chromosomes fall into two size groups, each 
with three pairs; the larger group consists of the 
sml -sm3 pairs with centromeric indices of 
25-31; sm2 is intermediate in size and has the 

the complement is stl and the smallest sm8. 
Chromosome ml is one of the largest chro- 

mosomes and immediately recognizable by its 
high centromeric index. The m2 pair is very 
similar to X, which is slightly larger and has a 
somewhat lower centromeric index. The smallest 
chromosomes of the m group, m3 and m4, are 
distinguishable individually on the basis of rela- 
tive length. The sm4 pair divides the sm class into 
two groups, one with large (sml-3) and one with 
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- 

Fig. 6. Karyotype of Herpestes sanguineus, male, 2n = 41, (H.s .  I). (No female was available 
of this species). 

small (sm5-8) chromosomes. The sml chromo- 
some has a centromeric index of 37.4 and is thus 
very close to the borderline to the m class (37.5). 
The sm2 has a lower centromeric index than sm3. 
Of the sm5-8 chromosomes, sm5 and sm8 are 
readily distinguished within the group; sm5, 
however, is easily confused with m3; sm8 is 
distinguished from other sm chromosomes by its 
small size and from m4 by its lower centromeric 
index. The sm6 and sm7 chromosomes are dif- 
ficult to distinguish individually and also from 
st6; sm7, however, is smaller than sm6, and st6 has 
the lowest centromeric index of the three pairs. 
Among the two longest st pairs, the stl is identi- 
fied easily, whereas the st2 resembles Xp, which 
also is a large st chromosome; stl is larger, 
however, and has a lower centromeric index. 
The three medium-sized pairs, st3-5, are very 
similar, but may be distinguished by the length 
of the short arm, which is longest in st3 and 
shortest in st5. 

The XI chromosome constitutes 4.9 per cent 
of (A + X). The X2 is only slightly smaller than 

m sm 
1 2 X 2 3  

s t  t 

Fig. I. Idiogram of Herpestes sanguineus. 
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Table 4. Chromosome measurements of Herpestes sanguineus 
Mean of 10 cells, 5 from each of two males 

~~ ~ ~ _ _ _ _  

Chromo- Absolute length Relative length, % of female haploid set Cent romeric 
some in p index 

P 9 P +  q 

Mean S.e. Mean Mean Mean S.e. Mean S.e. 

ml 
XI 
m2 
m3 
m4 

4.27 0.08 2.50 3.92 6.42 0.08 38.9 0.4 
3.45 0.07 2.17 3.03 5.20 0.05 41.7 0.5 
3.26 0.05 2.33 2.58 4.91 0.04 47.4 0.2 
2.65 0.05 1.63 2.36 3.99 0.04 40.8 0.5 
2.47 0.04 1.70 2.01 3.71 0.05 45.8 0.6 

sml 4.04 00.6 1.64 4.44 6.08 0.04 26.9 0.3 
sm2 3.87 0.05 1.83 4.00 5.83 0.03 31.4 0.3 
sm3 3.78 0.06 I .43 4.26 5.69 0.05 25.1 0.3 
sm4 2.60 0.05 1.43 2.48 3.91 00.4 36.7 0.5 
sm5 2.45 0.05 1.15 2.53 3.68 0.05 31.2 0.6 
sm6 2.14 0.04 1.13 2.08 3.21 0.04 35. I 0.6 

st 1 
st2 
x2 
st3 

5.20 0.08 I .96 5.86 7.82 0.06 25.0 0.3 
4.85 0.05 1.40 5.91 7.31 0.05 19.2 0.3 
4.34 0.1 1 1.45 5.08 6.53 0.10 22.2 0.5 
3.15 0.05 1.15 3.59 4.74 0.04 24.2 0.5 

Y 4.95 0.13 0.81 6.64 7.45 0.10 10.9 0.5 
t l  3.04 0.05 4.57 4.57 0.04 
t2 2.73 0.05 - 4.11 4.1 I 0.04 
13 2.28 0.03 -~ 3.43 3.43 0.03 
t4 2.11 0.03 - 3.18 3.18 0.03 
t5 1.93 0.03 2.91 2.91 0.03 
t6 1.83 0.03 2.76 2.76 0.03 

~ - - 
~. - 
~ - 
~ - 

~ ~ ~. 

~ - - 

the Y, which (in the only male studied) is the 
fourth largest chromosome of the complement, 
slightly shorter than ml and st2. The Y is the 
only t chromosome and thus relatively easy to 
recognize also in this species (Fig. 10). 

Previous chromosome studies on this species 
do not exist. 

D. Small Indian mongoose, Herpestes auropunc- 
tatus (HODGSON) (1 836) 
Altogether 7 males and 4 females were studied, 
2n = 35 male, 36 female. The karyotype is shown 
in Fig. 11 and the idiogram in Fig. 12. The results 
of the chromosome measurements are given in 
Tables 6 and 22. 

The karyotype consists of 5 m, 7 sm and 4 st 
autosome pairs. The XI chromosome is an m, 
the X2 and the Y are t chromosomes. The largest 

chromosome of the complement is stl and the 
smallest sm7. 

Chromosome ml  is the third largest chromo- 
some and may be confused only with sml, which, 
however, is larger and has a lower centromeric 
index. The m2 pair is easily distinguished by its 
size and its high centromeric index. Chromosome 
m3 is very similar to X,, which is slightly larger 
and has a somewhat lower centromeric index. 
Of the five smallest pairs of the complement, 
m4, m5, sm5, sm6 and sm7, only m4 and sm5 
may be confused. Their size is the same and their 
centromeric indices are similar, 40.7 and 36.8. 
The m5 is the second smallest chromosome of the 
complement and has a high centromeric index in 
comparison with sm6 and sm7, which are 
distinguished among themselves on the basis of 
total length. The chromosomes sm2-sm4 and 
st3 form a group of similar chromosomes of 
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Fig. 8.  Karyotypes of Herpestes pulverulentus, a: male, 2n = 39; b: female, 2n = 40. 
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sm s t  t Fig. 9. Idiogram of Herpestes pulverulentus. 

Table 5.  Chromosome measurements of Herpestes pulverulentus 
Mean of 5 female and 5 male cells 

Chromo- Absolute length Relative length, % of female haploid set Centromeric 
some in p index 

P 9 P+9 

Mean S.e. Mean Mean Mean S.e. Mean S.e. 

ml 
x1 
m2 
m3 
m4 

sm 1 
sm2 
sm3 
sm4 
sm5 
sm6 
sm7 
sm8 

St I 
st2 
x2 
st3 
st4 
st5 
st6 

Y 

4.15 0.07 3.02 3.55 6.51 0.04 46.0 0.3 
3.14 0.05 2.12 2.82 4.94 0.04 42.9 0.5 
2.91 0.04 2.16 2.45 4.61 0.04 46.8 0.4 
2.46 0.03 I .60 2.30 3.90 0.03 41.0 0.4 
1.96 0.02 1.30 1.81 3.1 I 0.04 41.8 0.5 

3.97 0.07 
3.83 0.07 
3.63 0.05 
2.97 0.05 
2.46 0.03 
2.35 0.04 
2.18 0.03 
I .90 0.02 

2.35 
1.62 
1.85 
1.21 
1.45 
1.15 
1.05 
1.05 

3.94 6.29 0.05 
4.44 6.06 0.04 
3.89 5.74 0.04 
3.48 4.69 0.04 
2.45 3.90 0.04 
2.56 3.71 0.03 
2.40 3.45 0.03 
1.97 3.02 0.04 

37.4 
26.8 
32.3 
25.9 
31.2 
31.0 
30.5 
34.8 

0.3 
0.4 
0.3 
0.4 
0.4 
0.5 
0.6 
0.6 

4.80 0.09 1.82 5.78 7.60 0.08 24.0 0.3 
4.23 0.06 1.22 5.47 6.69 0.05 18.3 0.5 
3.94 0.07 1.29 4.91 6.20 0.05 20.8 0.4 
3.51 0.08 1.35 4.19 5.54 0.06 24.3 0.4 
3.38 0.06 1.15 4.21 5.36 0.06 21.4 0.5 
3.23 0.05 0.98 4.13 5.1 1 0.05 19.1 0.5 
2.21 0.04 0.84 2.66 3.50 0.04 24.0 0.5 

4.06 0.21 0.80 5.74 6.54 0.14 12.3 0.6 
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Fig. 10. Chromosomes st2, X2, Y and XI from three species of the “ichneumon-group”; a and 
b: Herpestes ichneumon ( H i .  1 and H.i. 3); c and d: Herpestes sanguineus (H.s .  I and H.s .  2); 
e: Herpestes pulverulentus ( H . P .  I) .  Note intraspecific differences of the Y chromosome: the short arm of 
the Y chromosome is larger in H i .  3 (b) than in H.i. 1 (a), and the total relative length of the Y 
chromosome is larger in H.s. 2 (d) than in H.s. 1 (c). 
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Fig. 1 1 .  Karyotypes of Herpestes auropunrtatus, a: male, 2n = 35; b: female, 2n = 36. Note the diminu- 
tive short arm of the Y chromosome. 
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m 
4 3 4  5 

srn 
7 1 2  

s t  t Fig. 12. Idiogram of Herpestes auropunctatus. 

Table 6. Chromosome measurements of Herpestes auropunctatus 
Mean of 5 female and 5 male cells 

Chromo- Absolute length, in p Relative length, % of female haploid set Centromeric 
some index 

Mean S.e. P 9 P + q  

Mean Mean Mean S.e. Mean S.e. 

m l  
m2 
XI 
m3 
m4 
m5 

4.5 I 0.15 2.86 4.26 7.12 0.06 40.1 0.4 
4.30 0.14 3.16 3.64 6.80 0.06 46.5 0.3 
3.24 0.09 2.22 2.74 4.96 0.04 44.8 0.4 
2.92 0.08 2.10 2.53 4.63 0.04 45.4 0.4 
2.57 0.09 I .65 2.41 4.06 0.05 40.7 0.5 
2.32 0.08 1.61 2.05 3.66 0.06 43.9 0.6 

sml  4.77 0.14 2.77 4.77 7.54 0.06 36.8 0.3 
sm2 3.96 0.11 1.57 4.70 6.27 6.06 25. I 0.4 
sm3 3.84 0.1 I 2.01 4.07 6.08 0.04 33.1 0.3 
sm4 3.78 0.1 I 1 .a0 4.18 5.98 0.03 30.1 0.4 
sm5 2.58 0.06 1.51 2.58 4.09 0.04 36.8 0.4 
sm6 2.43 0.06 1.22 2.63 3.85 0.04 31.8 0.5 
sm7 1.97 0.05 1.07 2.05 3.12 0.03 34.2 0.6 

St I 
st2 
st3 
st4 

x2 
Y 

5.01 0.15 1 .a5 6.07 1.92 0.06 23.3 0.4 
4.26 0.12 0.89 5.84 6.73 0.05 13.2 0.4 
3.71 0.11 1.39 4.47 5.86 0.05 23.7 0.4 
3.16 0.1 1 1.16 3.83 4.99 0.05 23.3 0.5 

4.10 0.12 0.73 5.55 6.28 0.05 11.7 0.5 
3.48 0.14 0.18 5.97 6.15 0.06 2.9 0.05 
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Fig. 13. Herpestes auropunctatiis, a: males; b: females. Representative chromosomes st2, X2. Y and XI 
from different specimens, tissues and passages. From above a: H a .  4 lung PO, H.u. 4 heart PO, H a .  
8 skin PI,  H.a. 9 skin PI ,  H.a. 10 skin PI; b: H a .  5 skin PO, H.a. 5 skin P2, H.a. 5 lung PI ,  H.a. 7 
skin P8, H.a. I 1  skin PI. Note the small differences between the st2, Xz and Y chromosomes. 
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Table 7. Herpestes auropunctatus. Comparison of two sets of measurements (AL drawings; K F  photo- 
graphs), the AL values from FREDGA 1967, the KF values from the present study 

Chromosome Chromosome designation Relative length Centromeric index 

AL 
1001 

AL KF K F  
AL AL 

_ .  AL K F  KF _ .  KF 

A 1  ml ml  7.3 7.1 97 39 40 103 
2 m2 m2 7.1 6.8 96 48 46 96 
3 X x1 5.1 5.0 98 46 45 98 
4 m3 m3 4.7 4.6 98 47 45 97 
5 m4 m4 3.9 4.1 103 39 41 I05 
6 m5 m5 3.4 3.7 107 49 44 90 

B 1  sm I sm I 7.7 7.5 98 36 37 103 
2 sm2 sm3 6.2 6.1 98 30 33 110 
3 sm3 sm4 5.9 6.0 101 29 30 105 
4 sm4 sm5 3.9 4.1 105 36 37 102 
5 sm5 sm6 3.4 3.8 112 26 32 121 
6 st5 sm7 2.6 3.1 121 25 34 137 

c 1  stl st I 8.2 7.9 97 21 23 112 
2 st2 sm2 6.3 6.3 100 22 25 115 
3 st3 st3 5.9 5.9 99 21 24 113 
4 st4 st4 4.8 5.0 103 20 23 I18 

D I  t ( l ) +  t(2) st2 7.0 6.7 96 10 13 I38 
N 

2 t(3) x2 6.5 6.3 97 8 12 143 
3 t(4) Y 6.8 6.2 91 2 3 121 

Calculated from unabbreviated data 

intermediate size. The sm2 has a centromeric 
index of 25.1 and is consequently close to the st 
class and this pair is also most easily confused 
with st3 which has a centromeric index of 23.7; 
sm2 is slightly larger than st3. The pairs st3, 
sm3 and sm4 are similar in size, but the latter 
two sm chromosomes have higher centromeric 
indices, 33.1 and 30.1, respectively. It is practi- 
cally impossible to distinguish these two pairs 
with certainty and the centromeric index is the 
prime criterion in matching the four chromosome 
into pairs. The stl pair is immediately recognized 
by its large size and its centromeric index and 
also st4 is a “marker” chromosome. The st2 is 
easily confused with Xz, but st2 is the larger one 
and its short arm is more prominent. 

The XI chromosome constitutes 5.0 per cent 
of (A + X). The Xz and the Y are very similar in 
size and general appearance, but the Y is distin- 
guished in good preparations by its diminutive 
short arm. In all the males studied with the cell- 

culture technique, one of the t chromosomes can 
be recognized as the Y by this criterion, whereas 
in the females both t chromosomes have small 
‘heads’ of similar size (Fig. 13). As pointed out 
by FREDGA (1967a), it is doubtful whether the Y 
of this species really has a second arm. The chro- 
matic material occasionally seen at the proximal 
end may represent centromeric components. 

Previous chromosome studies: Herpestes auro- 
punctatus is the ‘classical’ mongoose from the 
chromosomal point of view, since the deviating 
sex-chromosome mechanism was first discovered 
in this species (FREDGA 1965). An idiogram was 
constructed by FREDGA (1967a) on the basis of 
measurements by Dr. A. Levan on camera- 
lucida drawings of 10 male cells. New measure- 
ments on photographs were undertaken in five 
male and five female cells. The two sets of meas- 
urements designated A L and K F are compared 
in Table 7 in which the values from 1967 are 
adapted to the general arrangement of the present 
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paper. The arm ratios (r) in Table 2 in FREDGA 
(1967a) are converted into centromeric indices 

(c.i.) by the following formula: c.i. = --. The 

four chromosomes with the highest arm ratios 
were treated separately in 1967, but now we 
know that t(1) and t(2) make one pair, t(3) 
corresponds to the X2 and t(4) to the Y. At the 
calculation of (A + X) for the relative length in 

100 
r + l  

t ( i )  + t(2j + t(3)-+ t(4) 
- 

1967, was used, but since 
2 

t(3) and t(4) are similar in size very small differ- 

ences are obtained if t(l)+)+t(3) is used 
2 

instead. However, in Table 7 the recalculated 
values are used. Since certain chromosomes have 
centromeric indices close to the borderline 
between two classes, it is not surprising that some 
chromosomes fall into different classes in the 
two sets of measurements. The chromosomes 
involved are chromosome C2, which in 1967 
was an st chromosome (c.i. =21.8) but now 
became an sm (c.i.=25.1), chromosome B6 
which in 1967 was placed in the st group (c.i. = 
= 25.0) but now became a clear sm chromosome 
(c.i. = 34.2) and chromosome D1 which in 1967 
was a t chromosome (c.i. = 9.6) but now became 
an st (c.i. = 13.2). 

The agreement between the two sets of meas- 
urements is good but there is a general tendency 
to obtain higher centromeric indices for the sm, 
st and t chromosomes when measurements were 
undertaken on photographs. In addition, the 
relative lengths of the chromosomes vary in a 
specific way: The KF values are consistently 
lower than the AL values for long chromosomes, 

KF 
but higher for short ones. The - 100 ratios 

AL 
were calculated for relative length and centro- 
meric index, and Table 7 shows that these ratios 
increase both with decreasing chromosome length 
and decreasing centromeric index. It is striking 
that the same tendencies were obtained by 
ARNASON (1969), in centromeric index (arm ratio) 
and relative length, in a similar comparison of 
measurements from drawn and photographed 
chromosomes. He discusses the factors underlying 
the discrepancies, and his conclusions are valid 
also in the present observations. It seems that more 
of the halo, always present at the outer boundaries 
of the chromosome ends, was included in the 

measurements on photos than in those on 
drawings. 

The chromosome numbers of 2n = 35 in the 
male and 36 in the female Herpestes auropunctatus 
have been confirmed by several Indian authors 
(BHATNAGAR pers. comm. 1969; RAY-CHAUDHURI 
et al. 1966; RAY-CHAUDHURI et al. 1968). MANNA 
and TALUKDAR (1965) reported 36 chromosomes 
in a female specimen and TALUKDAR and MANNA 
(1966) 36 chromosomes, including a small Y 
chromosome, in a male. As pointed out by 
FREDGA (1967b) this observation is puzzling, 
particularly in the light of our present knowledge 
that all males of the genus Herpestes studied so 
far (8 species) have one chromosome less than 
the females, because the functional Y is trans- 
located on to an autosome. The karyotype pre- 
sented by TALUKDAR and MANNA differs in 
several other respects from the karyotype of H. 
auropunctatus as well as from the karyotypes of 
all other mongoose species (17) studied. The 
present author has studied 7 males of H .  uuro- 
punctutus from at least two different geografic 
localities, and found identical karyotypes in all 
of them. In one of the males six different tissues 
were studied (FREDGA 1967a). RAY-CHAUDHURI 
et al. (1968) have investigated 10 males and 
BHATNAGAR (1969) at least one male without 
finding any evidence for the presence of 36 
chromosomes and a small individual Y chromo- 
some. TODD and PRESSMAN (1966) studied one 
male and one female of this species (under the 
name of Herpestes javunicus GEOFFROY) and 
confirmed the chromosome number of 2n = 35 
in the male and 2n = 36 in the female (see p. 58 
for commments on the taxonomic identity of 
the specimens studied by these authors). 

COHEN and CHANDRA (1970) have made an 
autoradiographic study of the chromosomes of 
“Herpestes auropunctatus”. As will be discussed 
further in connection with H .  edwardsi, it is 
extremely likely that their material actually be- 
longed to edwardsi and not to auropunctatus. 

E. Indian mongoose, Herpestes edwardsi 
(GEOFFROY) (1 81 2) 
Three males and one female were studied, 2n = 35 
male, 36 female. The karyotype is shown in Fig. 
14 and 15 and the idiogram in Fig. 16. The results 
of the chromosome measurements are given in 
Tables 8 and 23. 
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Fig. 14. Karyotypes of Herpesres edwardsi, a: male, 211 = 35 (H.e. 4); b: female, 2n = 36 
(H.e.  2). Note heteromorphism in the short arm of pair sml in Fig. a but not in Fig. b. The 
difference between m3a and m3b is not distinct; in comparison with the long arm of m4, however. 
the long arm of m3a is longer, that of m3b equal in length (the long arm of m3 is directed up- 
wards in the karyotypes). Note minute short arm of the Y chromosome. 
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Fig. 15. Karyotypes of Herpesres edwardsi, a: male (H.e.  3); b: male (H.e.  1). These males were homo- 
zygous for m3b and m3a, respectively, and heterozygous for sml.  
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2 

1 

Fig. 16. ldiogram of Herpestes edwardsi. The two different 
morphologic types of m3 and sml chromosomes are desig- 
nated a and b. 

Table 8. Chromosome measurements of Herpestes edwardsi 
Mean of 5 female and 10 male cells 

3 3 x,4 5 
a b  

rn srn 
(2 

;t 

27 

Y 

t 

Chromosome Absolute length in p Relative length, "/u of female haploid set Centromeric 
index 

V a D + a  . .  
Mean S.e. Mean Mean Mean S.e. Mean S.e. 

ml  4.07 0.08 2.79 4.09 6.88 0.06 40.5 0.3 
m2 3.88 0.07 3.12 3.46 6.58 0.04 47.4 0.3 
m3a 3.01 0.05 I 2.00 3.23 5.23 0.06 38.2 0.5 
m3b 2.76 0.06 1.89 2.58 4.47 0.0s 42.3 0.8 
x1 2.95 0.06 2.22 2.72 4.94 0.04 44.9 0.4 
m4 2.71 0.04 2.11 2.49 4.60 0.03 45.9 0.6 
m5 2.45 0.04 I .62 2.53 4.15 0.02 39. I 0.4 
m6 2.38 0.03 1.69 2.35 4.04 0.04 41.8 0.3 

smla 5.65 0.1 1 3.59 5.87 9.46 0.08 37.9 0.3 
smlb 5.09 0.15 2.95 5.90 8.85 0.14 33.3 0.6 
sm2 4.31 0.09 2.70 4.60 7.30 0.06 37.0 0.3 
sm3 3.55 0.07 1.65 4.36 6.01 0.04 27.4 0.3 
sm4 3.44 0.06 2.01 3.82 5.83 0.04 34.4 0.3 
sm5 3.42 0.06 1.82 3.97 5.79 0.05 3 I .4 0.2 
sm6 3.29 0.05 1.44 4.14 5.58 0.03 25.8 0.3 
sm7 2.17 0.04 1.18 2.5 I 3.69 0.03 32.1 0.4 
sm8 I .90 0.03 1.18 2.04 3.22 0.03 36.5 0.5 

S t  1 3.80 0.07 0.98 5.45 6.43 0.04 15.3 0.3 
XZ 3.53 0.08 0.77 5.13 5.90 0.06 13.1 0.4 
st2 2.83 0.04 1.20 3.60 4.80 0.04 24.9 0.3 

Y 3.51 0.13 0.5 I 5.58 6.09 0.10 8.3 0.7 
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The karyotype of this species is particularly 
interesting because two pairs of chromosomes 
show dimorphism and both morphological types 
are larger than the corresponding pairs in other 
species. One of these pairs (srnl) is the largest 
chromosome of the complement and its compara- 
tively high centromeric index makes the karyo- 
type of H. edwardsi characteristic and immediately 
distinguishable from other mongoose species. 
The karyotype consists of 6 m, 8 sm and 2 st 
autosome pairs. The X1 chromosome is an m, 
the X, an st and the Y a t chromosome. The 
smallest chromosome of the complement is sm8. 

Chromosome ml is the third largest chromo- 
some and may be confused only with sm2, which, 
however, is larger and has a lower centromeric 
index. The m2 pair is easily distinguished by its 
size and its high centromeric index. The chromo- 
somes m3 and m4 are similar to XI, and because 
m3 appears in two different morphological types 
(a and b) it is very difficult to identify these chro- 
mosomes and to combine them into correct pairs. 
The following general description is based on 
experiences from autoradiographic studies, which 
will be presented in detail elsewhere (FREDGA, 
in prep.). The long arm of m3 is strikingly late 
replicating, and this is the segment which shows 
varying length. The short arm of m3, which 
for reasons which will be discussed later, is 
directed downwards in the karyotypes, shows no 
dimorphism. The larger of the two m3 types, 
m3a, is longer than X, and m4 and has a lower 
centromeric index (38.2); the smaller one, m3b, 
is shorter than X, and m4 and has an only slightly 
lower centromeric index (42.3; the indices of X1 
and m4 being 44.9 and 45.9, respectively). None of 
the animals studied were heterozygous for chromo- 
some m3, two were homozygous for m3a and two 
for m3b. The m6 pair is similar to m5 but some- 
what smaller and has a higher centromeric index. 
As mentioned before, the second pair to show 
dimorphism is sml, and in this pair it is the short 
arm that is strikingly late replicating and varies 
in length. This pair is easily recognized by its 
large size in both types, smla with longer short 
arm than sml b. The latter chromosome, however, 
has a longer short arm than the corresponding 
chromosome (Cl) in other species. The female 
specimen studied was homozygous for smla, 
the three males were heterozygous. The four ani- 
mals studied had the following combinations of 
chromosomes in the two dimorphous pairs: 

H. e. I :  smla, smlb, m3a, m3a (Fig. 15 b) 
H. e. 2: smla, smla, m3b, m3b (Fig. 14 b) 
H. e.  3: smla, smlb, m3b, m3b (Fig. 15 a) 
H. e.  4: smla, smlb, m3a, m3a (Fig. 14 a) 

The chromosomes sm3-6 form a group of 
similar chromosomes of intermediate size. The 
largest and the smallest pairs of this group, 
sm3 and sm6, have lower centromeric indices 
(27.4 and 25.8) than sm4 and sm5 (34.4 and 31.4). 
The two smallest pairs of the complement, 
sm7 and sm8, differ from the small m chromo- 
somes by lower centromeric indices and are 
distinguished individually by difference in size. 
Chromosome st2 is easily recognized on the basis 
of relative length and centromeric index. The stl 
pair may be confused with X, but is larger and 
has a longer short arm. The Y chromosome is 
slightly longer than X, and is also in this species 
characterized by its minute short arm. 

The XI constitutes 4.9 per cent of (A + X). 
Previous chromosome studies. RAY-CHAUD- 

HURI et al. (1968) studied two males and two 
females of H. edwardsi and found 35/36 chromo- 
somes and sex chromosomes of the XAy/XX 
type, but gave no further comments on the karyo- 
type. As mentioned above, COHEN and CHANDRA 
(1970) studied the chromosomes of one male and 
one female mongoose under the name of H. 
auropunctatus. Their published karyotypes agree 
well with the karyotypes of H. edwardsi presented 
here, The characteristic sml chromosome is im- 
mediately distinguished, and also their autoradio- 
graphic findings indicate that the species studied 
by them was H. edwardsi and not H.  auropuncta- 
tus. 

F. Indian brown mongoose, Herpestes fuscus 
WATERHOUSE (1838) 
One male and one female were studied, 2n = 35 
male, 36 female. The karyotype is shown in Fig. 
17 and the idiogram in Fig. 18. The results of 
the chromosome measurements are given in 
Tables 9 and 24. 

The karyotype consists of 5 m, 8 sm and 3 st 
autosome pairs. The X, chromosome is an m, 
the X, and the Y are t chromosomes. The largest 
chromosome of the complement is sml and the 
smallest sm8. 

The karyotype of H. fuscus cannot be distin- 
guished from that of H. auropunctatus. The only 
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Fig. !7. Karyotypes of Herpestes fusrus, a: male 2n = 35; b: female 2n = 36. Note minute short arm of the 
Y chromosome. 
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1 2 x , 3  4 5 

rn sm S t  t Fig. 18. Idiogram of Herpestes fuscus. 

Table 9. Chromosome measurements of Herpestes fuscus 
Mean of 5 female and 5 male cells 

Chromo- Absolute length in p Relative length, % of female haploid set Centromeric 
some index 

P 9 P + 9  

Mean S.e. Mean Mean Mean S.e. Mean S.e. 

ml 
m2 
XI 
m3 
m4 
m5 

sm 1 
sm2 
sm3 
sm4 
sm5 
sm6 
sm7 
sm8 

St 1 
st2 
st3 

Y 
x7 

4.56 0.09 
4.31 0.09 
3.15 0.07 
2.95 0.07 
2.56 0.06 
2.22 0.04 

5.06 0.10 
4.75 0.1 1 
3.88 0.07 
3.87 0.08 
3.70 0.06 
2.54 0.04 
2.41 0.05 
1.97 0.04 

4.29 0.08 
3.64 0.08 
2.99 0.05 

3.94 0.15 
3.83 0.10 

2.95 4.32 7.27 0.05 
3.21 3.67 6.88 0.07 
2.22 2.84 5.06 0.04 
2.15 2.55 4.70 0.04 
1.64 2.44 4.08 0.06 
1.55 1.99 3.54 0.05 

2.04 6.05 8.09 0.06 
2.82 4.75 7.57 0.07 
2.14 4.05 6.19 0.05 
1.63 4.54 6.17 0.05 
1.83 4.07 5.90 0.04 
1.48 2.57 4.05 0.05 
1.24 2.61 3.85 0.04 
1.15 1.99 3.14 0.04 

0.94 5.91 6.85 0.05 
1.43 4.37 5.80 0.06 
1.19 3.59 4.78 0.04 

0.37 5.83 6.20 0.15 
0.75 5.38 6.13 0.06 

40.6 
46.6 
43.8 
45.7 
40.3 
43.8 

25.2 
37.3 
34.5 
26.4 
31.0 
36.5 
32.1 
36.5 

13.7 
24.7 
24.8 

6.0 
12.2 

0.4 
0.4 
0.4 
0.3 
0.3 
0.5 

0.4 
0.3 
0.3 
0.3 
0.4 
0.4 
0.5 
0.4 

0.3 
0.4 
0.4 

0.9 
0.4 
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Fig. 19. Herpestes fuscus, a: male; b: female. Chromosomes stl,  X2, Y and XI from six cells. Note the 
difference between XZ and Y, characteristic for species of the “edwarrlsi-group”. 

distinction between the idiograms of the two 
species (Fig. 12 and 18) was that in H .  fuscus the 
centromeric index of the largest chromosome 
(Cl) was determined to 25.2 thus making C1 
an sm chromosome, whereas in H. auropunctatus, 
as in the majority of other species, the centro- 
meric index of the C1 was below the borderline 
of the sm chromosomes. Neither this difference, 
nor the fact that the short arm of the Y chromo- 
some may be slightly longer in H. fuscus than in 
auropunctatus, is of any practical help for dis- 
tinguishing these two karyotypes. 

The XI chromosome constitutes 5.1 per cent 
of (A + X). The X, and they Y are very similar 
in size and general appearance but the Y may be 
distinguished by its short arm, still smaller than 
in Xa (Fig. 19). 

Previous chromosome studies on this species 
do not exist. 

G. Crab-eating mongoose, Herpestes urvu 
(HODGSON) (1836) 
Two females were studied, 2n = 36 female. The 
karyotype is shown in Fig. 20 and the idiogram 
in Fig. 21. The results of the chromosome meas- 
urements are given in Table 10. 

The karyotype consists of 5 m, 6 sm, 5 st and 
1 t autosome pairs. The XI chromosome is an m; 
since so far no male has been available, the X, 
and the Y are unknown, but it seems likely that 
this species, like all others of the genus Herpestes, 
has X1X,X2X,/X,X,Y sex chromosomes and that 
the t l  pair is the X,. The largest chromosome of 
the complement is stl and the smallest sm6. 

The general appearance of the karyotype of 
H .  urva is similar to that of H. uuropunctutus, 
and the differences in chromosome designation 
are caused by the fact that the sm2 chromosomes 
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Fig. 20. Karyotype of Herpestes u r w ,  female, 2n = 36. (No male was available of this 
species). 

1 2  

m 
5 1 2 3 4 5 6  1 2 3 4 5  

sm s t  t 
Fig. 21. Idiogram of Herpesres urva. 
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of auropunctatus (c.i. = 25.1) fall into the st class 
in H. urva (st3, c.i. = 24.8). The comparison of 
the idiograms of urva and auropunctatus shows 
that the difference between XI and m3 is still 
smaller in urva, that m5 of urva corresponds to 
m4 of auropunctatus, and that m4 of urva is 
larger than m5 of auropunctatus. 

The X, chromosome constitutes 4.9 per cent 
of (A + X). 

Previous chromosome studies on this species 
do not exist. 

H. Malay short-tailed mongoose, Herpestes 
brachyurus GRAY (1 936) 
One male and one female were studied, 2n=35 
male, 36 female. The karyotype is shown in Fig. 
22 and the idiogram in Fig. 23. The results of 
the chromosome measurements are given in 
Tables 11 and 25. 

The karyotype consists of 6 m, 7 sm and 4 st 
autosome pairs. The XI is an m chromosome; 
the Xp and Y chromosomes could not be identi- 
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Table 10. Chromosome measurements of Herpestes urva 
Mean of 5 female cells 

Chromo- Absolute length in p Relative length, % of female haploid set Centromeric 
some index 

P q P+q 

Mean S.e. Mean Mean Mean S.e. Mean 

ml 
m2 
x1 
m3 
m4 
m5 

4.90 0.10 2.87 4.38 7.25 0.09 39.6 
4.52 0.10 3.12 3.56 6.68 0.10 46.7 
3.29 0.06 2.16 2.71 4.87 0.08 44.4 
3.23 0.04 2.06 2.72 4.78 0.05 43.0 
2.80 0.04 1.90 2.24 4.14 0.05 45.8 
2.71 0.04 I .60 2.41 4.01 0.04 39.9 

S.e. 

0.5 
0.4 
0.8 
0.3 
0.9 
0.5 

- 

sm 1 5.15 0.08 2.15 4.87 7.62 0.09 36.1 0.5 
sm2 4.07 0.08 1.76 4.26 6.02 0.07 29.3 0.4 
sm3 4.01 0.05 1.89 4.05 5.94 0.05 31.9 0.3 
sm4 2.71 0.04 1.45 2.56 4.01 0.05 36.2 0.5 
sm5 2.42 0.04 1.04 2.54 3.58 0.04 29.0 0.9 
sm6 2.13 0.04 1.12 2.03 3.15 0.05 35.7 0.7 

st 1 
st2 
st3 
st4 
st5 

5.36 0.1 1 1.78 6.15 1.93 0.09 22.5 0.3 
4.80 0.10 0.90 6.20 7.10 0.05 12.7 0.4 
4.20 0.08 1.54 4.67 6.21 0.06 24.8 0.4 
3.90 0.07 1.32 4.45 5.77 0.06 22.9 0.5 
3.22 0.09 I .08 3.68 4.76 0.07 22.7 0.6 

t l  4.19 0.08 0.74 5.46 6.20 0.06 11.9 0.3 

fied individually although a male was available 
and studied in detail. The st2, st3 and X, chro- 
mosomes from tissue cultures of different origin 
(skin, testis, lung and heart) are shown in Fig. 24. 
Evidently, there was no clear morphological 
difference between the Xz and the Y chromo- 
somes in the single male studied of this species, 
and the small variations in appearance of the st2 
and st3 chromosomes, noticed in the male, were 
present also in the female. H. bruchyurus thus 
has a “pseudo-XO/XX” sex-chromosome mecha- 
nism. 

The general appearance of the karyotype of 
H. brachyurus is rather similar to that of H. 
auropunctatus, and the differences in chromosome 
designation may be interpreted as follows: Chro- 
mosome m5 of brachyi~rus (c.i. = 39.1) corre- 
sponds to sm7 of auropunctatiis (c.i. = 34.2); 
chromosome sm5 of bvuchyurus (c.i. = 26.4) 
corresponds to st4 of uuropunctatus (c.i. = 23.3) 
and chromosome st3 of brachyurus (c.i. = 15.8) 
corresponds to X2 of auropunctatus (c.i. = 1 1.7). 
Many of the brachyurus chromosomes have slight- 

ly higher centromeric indices than the corre- 
sponding chromosomes of auropunctatus. In  
auropunctutus there is a marked size difference 
between the smallest (sm7) and the second 
smallest (m5) chromosomes; this is contrary to 
bruchyurus, in which the two smallest chromo- 
somes (m5 and m6) are very similar in size. 
Also the two largest pairs of bruchyurus show 
less size difference than the two largest pairs of 
uuropunctatus. The most interesting difference, 
however, is the absence of an individually 
distinguishable Y chromosome in brachyurus. 

The X, chromosome constitutes 5.0 per cent 
of (A + X). 

Previous chromosome studies on this species 
do not exist. 

I. Dwarf mongoose, Helogale parvula (SUNDE- 
VALL) (1846) 

One male and one female were studied, 2n = 36 
male and female. The karyotype is shown in 
Fig. 25 and the idiogram in Fig. 26. The results 
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Fig. 22. Karyotypes of Herpestes brachyurus, a: male, 2n = 35; b: female, 2n = 36. No Y 
chromosome could be identified in the male of this species. 
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Fig. 23. Idiogram of Herpestes brarhyurus. 

Table 11. Chromosome measurements of Herpestes brachyurus 
Mean of 5 female and 5 male cells 

2 x13 4 5 

rn 
3 4 5 6 7  1 

35 

srn s t  

C h r o m o - 
some index 

Absolute length in p Relative length, % of female haploid set Centromeric 

P q P + 9  

Mean S.e. Mean Mean Mean S.e. Mean S.e. 

m l  
m2 
x1 
m3 
m4 
m5 
m6 

sm I 
sm2 
sm3 
sm4 
sm5 
sm6 
sm7 

si 1 
st2 
st3 
st4 

5.18 0.09 
4.69 0.07 
3.59 0.07 
3.21 0.05 
2.75 0.06 
2.33 0.04 
2.28 0.04 

5.41 0.10 
4.37 0.10 
4.34 0.08 
4.2 I 0.06 
3.49 0.05 
2.93 0.07 
2.73 0.05 

5.46 0.09 
4.80 0.07 
4.58 0.07 
4.12 0.07 

3.05 4.31 7.36 0.07 
3.08 3.58 6.66 0.05 
2.24 2.80 5.04 0.06 
2.06 2.49 4.55 0.04 
I .63 2.27 3.90 0.06 
1.29 2.02 3.31 0.04 
1.39 1.85 3.24 0.03 

2.80 4.88 7.68 0.06 
2.24 3.95 6.19 0.07 
1.66 4.49 6. I5 0.05 
1.88 4.10 5.98 0.04 
1.31 3.65 4.96 0.05 
1.49 2.67 4.16 0.04 
1.32 2.56 3.88 0.04 

1.87 5.89 7.76 0.05 
1.16 5.66 6.82 0.05 
I .03 5.47 6.50 0.05 
I .46 4.39 5.85 0.04 

41.4 
46.2 
44.5 
45.3 
41.9 
39.1 
43.0 

36.4 
36.2 
27.0 
31.4 
26.4 
35.8 
34.1 

24.1 
17.0 
15.8 
24.9 

0.3 
0.3 
0.5 
0.5 
0.6 
0.4 
0.5 

0.4 
0.5 
0.4 
0.4 
0.4 
0.5 
0.5 

0.4 
0.5 
0.3 
0.3 
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Fig. 24. Herpestes brarhyurus, male. Representative chromosomes st2, st3 and XI from 
different tissues showing the difficulty of identifying the Y in this species; a “pseudo-XO/XX” 
sex chromosome mechanism. a: skin; b: testis; c: lung: d: heart. - x 2,630. 
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b 
Fig. 25. Karyotypes of Helogale parvulu, 2n = 36, a: male; b: female. Note the small Y 
chromosome and 36 chromosomes in the male. 
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m Fig. 26. ldiogram of  Helogale parvula. 

Table 12. Chromosome measurements of Helogale parvula 
Mean of 5 female and 5 male cells 

Chromo- Absolute length in 11 Relative length, % of female haploid set Centromeric 
some index 

P q P + 9  

Mean S.e. Mean Mean Mean S.e. Mean S.e. 

ml  
m2 
X 
m3 
m4 
ni5 
Y 

4.81 0.07 2.87 4.35 7.22 0.06 39.7 0.4 
4.64 0.07 3.28 3.60 6.88 0.05 47.7 0.3 
3.43 0.04 2.23 2.79 5.02 0.05 44.4 0.6 
3.19 0.05 2.14 2.58 4.12 0.04 45.4 0.5 
2.79 0.05 I .67 2.47 4.14 0.05 40.3 0.5 
2.16 0.03 1.32 I .88 3.20 0.04 41.3 0.6 
0.94 0.02 0.65 0.80 I .45 0.06 44.1 1.6 

sm I 5.17 0.10 2.77 4.89 7.66 0.07 36. I 0.2 
sm2 4.29 0.07 1.71 4.65 6.36 0.05 26.9 0.3 
sm3 4.09 0.07 1.89 4.17 6.06 0.06 31.2 0.4 
sm4 4.00 0.06 2.02 3.91 5.93 0.05 34.0 0.3 
sm5 2.18 0.04 1 .so 2.62 4.12 0.04 36.4 0.6 
sm6 2.49 0.04 1.13 2.56 3.69 0.03 30.6 0.4 
sm7 2.12 0.03 1.07 2.07 3.14 0.03 34.0 0.5 

st I 
st2 
st3 
st4 
st5 

5.40 0.10 1.91 6.09 8.00 0.07 23.9 0.3 
4.55 0.07 0.90 5.84 6.74 0.05 13.4 0.3 
4.31 0.06 1.13 5.26 6.39 0.06 17.7 0.4 
3.98 0.07 1.41 4.48 5.89 0.04 23.9 0.3 
3.26 0.05 1.16 3.61 4.83 0.05 24.1 0.4 
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of the chromosome measurements are given in 
Tables 12 and 25. 

The karyotype consists of 5 m, 7 sm and 5 st 
autosome pairs. The X and Y are m chromosomes 
with similar centromeric indices (44.4 and 44.7, 
respectively). The largest chromosome of the 
complement is stl and the smallest the Y. 

Chromosome ml is the third largest chromo- 
some and may be confused with sml which, 
however, is larger and has a lower centromeric 
index. The m2 pair is easily recognized by its 
size and its high centromeric index. Chromosome 
m3 is slightly smaller and has a somewhat higher 
centromeric index than the X. The five smallest 
autosome pairs are m4-5 and sm5-7, and 
among them m4 and sm5 are similar in total 
length, and so are m5 and sm7, but they may 
all be distinguished individually on the basis of 
centromeric index. The sm6 is intermediate in 
size and has the lowest centromeric index of 
these chromosomes. The chromosomes sm2-4 
and st4 form a group of similar chromosomes of 
intermediate size; among them the largest, sm2 
and the smallest, st4, have lower centromeric 
indices (26.9 and 23.9) than the others, of which 
sm3 has lower centromeric index than sm4. The 
stl and st5 pairs are immediately recognized by 
their relative lengths and centromeric indices. 
The pairs st2 and st3 may be confused, but st2 is 
larger and its short arm somewhat smaller. 

It must be stressed that the functional Y chro- 
mosome is not translocated on to an autosome 
in this and the following species, which have an 
“ordinary” Y, immediately identified in good 
preparations by its very small size. The X chro- 
mosome, which constitutes 5.0 per cent of (A + X) 
corresponds well with the X, of the Herpestes 
species. 

Previous chromosome studies on this species 
do not exist. 

J. Banded mongoose, Mungos mungo (GMELIN) 
(1 788) 

Seven males and five females were studied, 2n = 
36. The karyotype is shown in Fig. 27 and the 
idiogram in Fig. 28. The results of the chromo- 
some measurements are given in Tables 13 and 
27. 

The karyotype consists of 5 m, 7 sm and 5 st 
autosome pairs. The X and Y are m chromo- 
somes with centromeric indices of 43.7 and 45.8. 

respectively. The largest chromosome of the 
complement is stl and the smallest the Y. The 
X constitutes 5.0 per cent of (A + X). 

The karyotype of M. mungo is identical to that 
of Helogale parvula with the exception that st2 
is larger in Mungos than in Helogale, the ielative 
lengths being 7.17 and 6.74, respectively. In all 
other chromosomes there is a strikingly good 
agreement between the two species, both in 
chromosome length and in centromeric index 
(cf. Table 17). 

It is worthy of mention that the animals 
M. m. 3-12 were all offspring of M. m. 1 and 
M. m. 2 and, as expected, no intraspecific differ- 
ence was found among the males in the morpho- 
logy of the Y. The reason for investigating so 
many individuals was that one of the first indi- 
viduals studied, M. m. 5, turned out to be hetero- 
zygous for a balanced reciprocal translocation. 
Measurements indicated that the chromosomes 
involved were sm3 and sm7; this unique case will 
be described in more detail in a subsequent 
article. All other offspring had the same karyo- 
type as the parents, viz. the karyotype described 
here. 

Previous chromosome studies: One female 
specimen was studied by WURSTER and BE- 
NIRSCHKE (1968) and their published karyotype 
is in good agreement with the female karyotype 
presented here, although the individual chromo- 
some pairs are arranged differently. 

K. Kusimanse, Crossarchus obscurus F. CUVIER 
(1 825) 

One male was studied, 2n = 36. The karyotype is 
shown in Fig. 29 and the idiogram in Fig. 30. 
The results of the chromosome measurements 
are given in Table 14. 

The karyotype consists of 5 m, 6 sm and 6 st 
autosome pairs. The X and Y are m chromo- 
somes with centromeric indices of 43.3 and 42.1, 
respectively. The largest chromosome of the 
complement is stl and the smallest the Y. The X 
constitutes 5.1 per cent of (A + X). 

The karyotype of C. obscurus is very similar 
to those just described for Helogale parvula and 
Mungos mungo. The main difference is that the 
C2 chromosome in Helogale and Mungos is an 
sm chromosome (sm2) but in Crossarchus an 
st (st4, c.i. = 24.6), most likely due to a small 
reduction in length of the short arm of this 

Hereditas 71, 1972 



40 KARL FREDGA 

Fig. 27. Karyotypes of Mungos mungo, 2n = 36. a:  male; b: female. 
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Fig. 28. Idiogram of Mungos mimgo. 
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Table 13. Chromosome measurements of Mungos murigo 
Mean of 5 female and 5 male cells 

Chromo- Absolute length in p Relative length. 9: of female haploid set Centromeric 
some index 

P (I P + 4  

Mean S.e. Mean Mean Mean S.e. Mean S.e. 

ml  
m2 
X 
m3 
m4 
m5 
Y 

sm 1 
sm2 
sm3 
sm4 
sm5 
sm6 
sm7 

st 1 
st2 
st3 
st4 
st5 

4.58 0.1 I 
4.34 0.1 1 
3.17 0.06 
2.97 0.08 
2.51 0.06 
1.95 0.05 
0.96 0.04 

4.84 0.1 I 
4.12 0.10 
3.84 0.10 
3.79 0.10 
2.55 0.07 
2.26 0.05 
1.98 0.04 

5.18 0.13 
4.55 0.12 

2.92 
3.24 
2.20 
2.14 
1.61 
I .23 
0.67 

2.79 
.80 
.84 
.95 
.46 
.I2 
.09 

3 0  
.94 

4.30 7.22 0.04 
3.60 6.84 0.04 
2.83 5.03 0.05 
2.53 4.67 0.04 
2.34 3.95 0.03 
1.84 3.07 0.04 
0.79 I .46 0.04 

4.85 7.64 0.05 
4.69 
4.20 
4.02 
2.56 
2.45 
2.03 

6.36 
6.23 

6.49 0.05 
6.04 0.05 
5.97 0.06 
4.02 0.05 
3.57 0.03 
3.12 0.05 

8.16 0.06 
7.17 0.05 

40.5 
47.4 
43.7 
45.9 
40.8 
40. I 
45.8 

36.5 
27.8 
30.4 
32.7 
36.4 
31.5 
34.9 

22.1 
13.1 

0.3 
0.3 
0.6 
0.5 
0.4 
0.6 
1.1 

0.5 
0.3 
0.3 
0.3 
0.6 
0.5 
0.4 

0.3 
0. I 

4.03 0.10 1.13 5.22 6.35 0.04 17.8 0.3 
3.73 0.08 I .42 4.46 5.88 0.04 24. I 0.3 
3.06 0.07 1.17 3.65 4.82 0.04 24.2 0.3 
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Fig. 29. Karyotype of Crossarchus obscurus, 2n = 36, male. (No female was available of this 
species). 
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Table 14. Chromosome measurements of Crossarchus obscurus 
Mean of 5 male cells 

Chromo- Absolute length in p Relative length, % of female haploid set Centrorneric 
some index 

P q P+ 9 
~ 

Mean S.e. Mean Mean Mean S.e. Mean S.e. 

rnl 
m2 
x 
m3 
m4 
m5 
Y 

sm I 
sm2 
sm3 
sm4 
sm5 
srn6 

st I 
st2 
st3 
st4 
st5 
st6 

5.13 0.15 
4.79 0.14 
3.56 0. I4 
3.31 0.10 
2.78 0.07 
2.18 0.07 
I .00 0.04 

5.36 0.14 
4.32 0.09 
4.22 0.10 
2.79 0.09 
2.45 0.08 
2.02 0.07 

5.69 0.12 
4.70 0.12 
4.36 0.08 
4.28 0.12 
4.20 0. I4 
3.41 0.09 

2.96 4.41 7.37 
3.20 3.68 6.88 
2.22 2.90 5.12 
2.17 2.58 4.75 
1.57 2.43 4.00 
1.31 1.82 3.13 
0.61 0.83 1.44 

2.78 4.93 7.71 
1.82 4.40 6.22 
1.98 4.09 6.07 
I .46 2.55 4.01 
1.05 2.47 3.52 
0.93 1.97 2.90 

1.88 6.3 I 8.19 
0.87 5.89 6.76 
1.18 5.10 6.28 
1.51 4.64 6.15 
1.36 4.67 6.03 
1.09 3.82 4.91 

0.08 
0.08 
0.09 
0.05 
0.04 
0.06 
0.03 

0.07 
0.06 
0.07 
0.06 
0.07 
0.06 

0.09 
0.08 
0.09 
0.08 
0.08 
0.04 

40.2 0.5 
46.5 0.5 
43.3 1.1  
45.6 0.7 
39.3 0.6 
41.8 0.9 
42. I 1.7 

36. I 0.8 
29.2 0.4 
32.7 0.5 
36.3 0.6 
29.8 0.6 
32. I 0.5 

22.9 0.6 
12.8 0.5 
18.8 0.4 
24.6 0.5 
22.5 0.6 
22. I 0.6 

chromosome in Crossarchus. The st2 chromo- 
some of Crossarchus is of the same size as that of 
Helogale (relative lengths 6.76 and 6.74). 

The Y chromosome of Crossarchus has a 
somewhat lower centromeric index than the Y’s 
of Helogale and Mungos, a feature hardly clear 
from the photographs. This conclusion is based 
not only on the measurement data (which in 
such a small chromosome are always impaired 
by large errors of measurement), but mainly on 
direct observation in the microscope and draw- 
ings of individual favourable Y chromosomes. 
Due to their small size, the Y chromosomes of 
Helogale, Mungos and Crossarchus often have a 
“dot-like” appearance making the position of the 
centromere obscure. 

Previous chromosome studies on this species 
do not exist. 

L. Yellow mongoose, Cynictis penicillata (G. 
CUVIER) (1 829) 

One male and one female were studied, 2n = 36. 
The karyotype is shown in Fig. 31 and the idio- 

gram in Fig. 32. The results of the chromosome 
measurements are given in Tables 15 and 28. 

The karyotype consists of 9 m, 7 sm and I st 
autosome pairs. The X and Y are m chromo- 
somes with centromeric indices of 43.2 and 
46.9, respectively. The large number of m chro- 
mosomes is characteristic of this species. The 
largest chromosome of the complement is sml 
and the smallest the Y. 

Chromosome ml  may be confused with sm2 
and m3 but is intermediate in size. Chromosome 
m2 is easily distinguished by its size and high 
centromeric index. The m4 is smaller than X and 
has a higher centromeric index. The m5-7 pairs 
are similar in size and morphology and thus dif- 
ficult to distinguish individually. Satellites are 
often present on the short arms of m6, and usually 
the satellites are more distinct in one member of 
the pair (Fig. 33). The m8-9 pairs are smaller 
and have higher centromeric indices than the 
m5-7 pairs. Satellites have been observed on 
the short arm of m8. Among the sm chromo- 
somes, the following are relatively easy to 
distinguish: sml by its large size, sm3 by its 
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Fig. 31. Karyotype of Cynictis penirillala, 2n = 36, a: male; b: female. 
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*.*I 
Fig. 32. ldiogram of Cynictis p e n i d l a l a .  Note the high number of 
m chromosomes. 

Table 15. Chromosome measurements of Cynictispenicillata 
Mean of 5 female and 5 male cells 

5 6  7 6  9 Y  

rn srn s t  

Chromo- Absolute length in p Relative length, Yo of female haploid set Centrorneric 
some index 

P 9 P + 9  

Mean S.e. Mean Mean Mean S.e. Mean S.e. 

ml  4.67 0.1 I 2.83 4.18 7.01 0.06 40.3 0.3 
m2 4.28 0.09 3.08 3.36 6.44 0.05 47.8 0.2 
m3 4.02 0.08 2.29 3.76 6.05 0.07 37.8 0.4 
X 3.29 0.06 2.15 2.83 4.98 0.07 43.2 0.5 
m4 2.99 0.06 2.09 2.41 4.50 0.05 46.4 0.3 
m5 2.79 0.05 1.79 2.43 4.22 0.03 42.4 0.5 
m6 2.69 0.06 1.65 2.40 4.05 0.06 40.7 0.7 
m7 2.57 0.04 1.54 2.33 3.87 0.04 39.8 0.6 
m8 2.42 0.05 1.65 1.99 3.64 0.05 45.3 0.4 
m9 2.24 0.04 1.47 1.91 3.38 0.05 43.5 0.6 
Y 1.28 0.02 0.9 I 1.02 1.93 0.07 46.9 0.8 

sm 1 5.20 0.13 2.13 5.68 7.81 0.08 27.3 0.4 
sm2 4.84 0.12 2.66 4.6 I 7.27 0.07 36.6 0.4 
sm3 4.48 0.12 1.74 4.99 6.73 0.07 25.8 0.5 
sm4 4.29 0.1 1 2.05 4.39 6.44 0.07 31.9 0.5 
sm5 3.99 0.08 2.03 3.97 6.00 0.04 33.8 0.4 
sm6 3.95 0.08 1.70 4.24 5.94 0.04 28.6 0.4 
sm7 3.33 0.06 1.49 3.52 5.01 0.05 29.8 0.5 

stl 4.46 0.1 1 1.25 5.45 6.70 0.08 18.7 0.8 
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Fig. 33. Cynirlis penicilluru: chromosomes stl,  sm3, m6 
and m8 from three cells showing satellites on the short 
arms. The satellites on chromosome m6 are excep- 
tionally distinct in these cells. - X2,420. 

low centromeric index (25.8f and sm7 by its 
small size compared with the other sm chromo- 
somes. The sm4-6 pairs may be confused but 
sm5 has a higher centromeric index than the 
other two pairs and is actually more easily con- 
fused with m3. The sm4 has a larger short arm 
than the sm6 pair. There is only one st pair, 
and this pair, like sm3, occasionally has vague 
satellites on the short arm. 

The X chromosome constitutes 5.0 per cent of 
(A + X). The Y chromosome is larger in Cynictis 
than in Helogale, Mungos and Crossarchus (Fig. 
34), and its relative length is 1.9 as compared with 
1.4- 1.5 in the other three species. 

Previous chromosome studies: One male and 
one female specimen were studied by GERNEKE 
(1967) who found 2n=36 in bone marrow 
preparations from both sexes. Two karyotypes 
from camera lucida drawings were published 
and are generally compatible with the present 
findings, in that they show a high number of m and 
sm chromosomes. The detailed comparison of 

the karyotypes of GERNEKE with the present ones 
reveals, however, many small discrepancies, of 
which only one will be mentioned: GERNEKE 
claimed that “the X is a submetacentric fitting 
in between chromosomes 14 and 15” (in size). 
Actually, the X is an m chromosome fitting in 
between chromosomes 11 and 12 in size (verified 
by autoradiography). TODD et al. (1967) described 
the karyotype of the “bushy-tailed mierkat 
(Cynictis sp.)”. One male was studied and the 
karyotype presented agrees reasonably well with 
the present observations. Even though satellites 
are faintly visible in one chromosome in the 
paper of TODD et al., neither these authors nor 
GERNEKE mention any satellites. 

3. Satellites and chromosome associations 
In the previous section the presence of satellites 
on the short arms of certain chromosomes were 
mentioned for Herpestes ichneumon (A6, C3, D1 
and D2) and for Cynictis penicillata (A6, B4, D l  
and D2). These two species have comparatively 
distinct satellites rather regularly in one or both 
homologues in up to four chromosome pairs. 
Actually, vague satellites on the short arms of the 
D1 and D2 chromosomes are present in all 
species. These chromosomes often take part in 
associations, probably in connection with nucleo- 
lar formation, and often members of one or two 
small sm pairs (usually B5 and B6) also take 
part. It is the short arms of these chromosomes 
which associate but occasionally the centromeric 
region of other chromosomes also are involved 
(Fig. 35 f, 36 e, f, g); the preferred centromere 
seems to be A2. Up to three associations were 
observed in one cell (Fig. 35 b) and occasionally 
6 chromosomes were involved in one association 
(Fig. 35 f). Chromosome associations were ob- 
served in all 12 species, examples being given in 
Fig. 35 (H.  edwardsi, H.  fuscus and H. urva) and 
in Fig. 36 (Helogale parvula, Mungos mungo and 
Crossarchus obscurus). Examples of chromosome 
associations in H. auropunctatus were given by 
FREDGA (1967 a). It is of particular interest that 
the Y chromosome of Mungos mungo also takes 
part in associations with the D1 and D2 chromo- 
somes (Fig. 36 j-m), since this gives an idea of 
the original formation of the translocation chro- 
mosome in the Herpestes species. The parallel 
with the well-known D-G translocations in man 
is obvious. 
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Fig. 34. Chromosomes st2, st3. X and Y from two cells of Helogale parvula (a); Mungos mungo (b); 
Crossarchus obscurus ( c )  and chromosomes stl,  sm3, X and Y of  Cynictispenicillata (d). Note the 
relatively larger size of the Y of Cynictis penicillata in comparison with the other three species. 

4. Comparisons of the karyotypes 
The karyotypes of the mongoose species studied 
have many features in common and the simi- 
larities are great enough to warrant a detailed 
comparison of each individual chromosome 
through the different species. For such a compari- 
son it is desirable to use chromosomes with a 
similar degree of contraction. Relative length and 
centromeric index for individual chromosomes 
may vary due to the technique used. SASAKI 
(1961) showed in mammalian material that long 
chromosomes usually are more contracted by 

colchicine treatment than short ones. This applies 
also to chromosome arms, which means that the 
centromeric index can be modified by the colchi- 
cine treatment. 

In the present study all preparations were made 
by the author using the same technique and 
efforts were made to select cells with chromo- 
somes of a similar degree of contraction. Since 
the amount of genetic material is the same, in 
principle, in all placental mammals (MANDEL et 
a]. 1950; ATKIN et al. 1965), the absolute length 
of the chromosomes should be the same at least in 
related species provided chromosomes of the same 
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Fig. 35. Examples of chromosome associations in Herpesres edwardsi (a); H.  fuscus ( b f )  and H .  urvu 
(g-i). a: D2-DI; b: three associations in the same cell, D1-D2, BS-D2 and BS-DI; c: DI-BS- 
DI; d: CI-B6-D2--AS; e: BS-DI-BS-DI; f: centromere BI-D2-(C4-) B5-Dl-D2--Dl; 
g: B6-B6-B5; h: D2-DI- D2-Dl-D2; i :  two associations in the same cell, B6-D2 and B5-D1. 
Note chromatic material connecting the ends of the short arms of the associating chromosomes in (a) 
and (c). 
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Fig. 36. Examples of chromosome associations in Helogale parvula (a-f), Mungos mungo (g-m) and 
Crossarchus obscwus (n). a: D2-DI-DI; b: DI-D2-DI-D2; c: B4-DZ-D2-D1; d: DI-(C3-) 
(B6-) D2-DI; e: DZ--centromere BI-DI; f: DI---centromere CI-D2; g: D2-centromere A2-D2; 
Dl-Dl and D2-D2; i:  B6-DI-DI; j: Y-DI; k: Y-DI; I: Y-D2; m: Y-DIL D2; n: (C2-) 
DI-DI-D2. The four examples of Y-DI or D2 associations represent three different males 
( M . m .  5 .  M . m .  10and M . m .  1 1 ) .  
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Table 16. Absolute length in p of the female haploid set in the different mongooses 
(mean of 5 cells from each individual) 

Species Female S.e. Male S.e. Mean S.e. 

Herpestes ichneumon 
sanguineus 1 
sanguineus 2 
pulverulentus 
auropunctatus 
edwardsi 

urva 
brachyurus 

fuscus 

Helogale parvula 
Mungos mungo 
Crossarchus obscurus 
Cvnictis oenicillata 

62.8 2.5 
- 
- 
64.3 0.9 
69.7 2.0 
61.9 2.2 
61.8 2.9 
67.6 1.4 
73.4 2.3 
70.0 1.3 
60.6 I .6 

66.2 3.3 
- 

66.4 2.4 64.6 1.7 

66.4 I .2 64.5 
68.3 
62.0 2.3 63. I 1.2 
56.7 2.3 63.2 2.6 
57.5' 1.5 59.7 1.7 
63.5 I .7 62.6 1.6 
- 67.6 1.4 
67.4 0.8 70.4 1.5 
64.9 I .6 67.4 1.3 
66.2 3.6 63.4 2. I 
69.6 2.5 69.6 2.5 
66.7 2.1 66.5 1.8 

* Mean of PI and P8, max. and min. (cf. Table 23) 

Table 17. Chromosomal synopsis of 12 species of mongooses 
Each horizontal line through all species lists chromosomes with best  correspondence in size and centromeric location. Within 

1 2 3 4 5 6 7 
Herpestes Herpestes Herpestes Herpestes Herpestes Herpestes Herpestes 
ichneumon sanguineus pulverulent. auropunctat. edwardsi fuscus urva 

G r o u p N o .  a b c  a b c  a b c  a b c  a b c  a b c  a b c  

t8 2.6 - 
A 1  t3 3.9 - 

t5 3.3 - 
2 t4 3.6 - 
3 XI 5.0 43 
4 ml 4.9 46 
5 m3 3.9 41 

6 m4 3.7 43 

t6 3.1 - 
B 1  t l  4.7 - 

t7 3.0 - 
2 t2 4.2 - 
3 sm2 5.9 33 
4 m2 4.1 38 
5 m5 3.5 38 
6 m6 3.4 43 

c 1  stl 7.6 24 
2 srnl 6.2 29 
3 sm3 5.7 27 
4 sm4 4.7 27 

D 1  st2 7.0 19 
2 X. 6.2 21 

ml 6.4 39 
t4 3.2 - 
t3 3.4 - 
XI 5.2 42 
m2 4.9 47 
m3 4.0 41 

m4 3.7 46 

t5 2.9 -- 
t l  4.6 - 
t6 2.8 - 
t2 4.1 - 
sm2 5.8 31 
sm4 3.9 37 
sm5 3.7 31 
sm6 3.2 35 

stl 7.8 25 
srnl 6.1 27 
sm3 5.7 25 
st3 4.7 24 

st2 7.3 19 
X, 6.5 22 
Y 7.5 I 1  

srnl 6.3 37 

ml 6.6 46 
x1 4.9 43 
m2 4.6 47 
m3 3.9 41 

m4 3.1 42 

st6 3.5 24 
st4 5.4 21 
sm7 3.4 30 
st5 5.1 19 
sm3 5.7 32 
sm5 3.9 37 
sm6 3.7 31 
sm8 3.0 35 

stl 7.6 24 
sm2 6.1 27 
st3 5.5 24 
sm4 4.7 26 

st2 6.7 18 
X, 6.2 21 
Y 6.5 12 

ml  7.1 40 

m2 6.8 46 
XI 5.0 45 
m3 4.6 45 
m4 4.1 41 

m5 3.7 44 

srnl 7.5 37 

sm3 6.1 33 
sm4 6.0 30 
sm5 4.1 37 
sm6 3.8 32 
sm7 3.1 34 

stl 7.9 23 
sm2 6.3 25 
st3 5.9 24 
st4 5.0 23 

st2 6.7 13 
X, 6.3 12 
Y 6.2 3 

ml  6.9 41 

m2 6.6 47 
x1 4.9 45 
m4 4.6 46 
m6 4.0 42 
m3a 5.2 38 
m3b 4.5 42 

sm2 7.3 37 

sm4 5.8 34 
sm5 5.8 31 
m5 4.2 39 
sm7 3.7 32 
sm8 3.2 36 

smla 9.5 38 
smlb 8.9 33 
sm3 6.0 27 
sm6 5.6 26 
st2 4.8 25 

stl 6.4 15 

Y 6.1 8 
x, 5.9 13 

ml  7.3 41 ml 7.3 40 

m2 6.9 47 m2 6.7 47 
x1 5.1 44 XI 4.9 44 
m3 4.7 46 m3 4.8 43 
m4 4.1 40 m5 4.0 40 

m5 3.5 44 m4 4.1 46 

sm2 7.6 37 srnl 7.6 36 

sm3 6.2 35 sm3 5.9 32 
sm5 5.9 31 sm2 6.0 29 
sm6 4.1 37 sm4 4.0 36 
sm7 3.8 32 sm5 3.6 29 
sm8 3.1 36 sm6 3.2 36 

srnl 8.1 25 stl 7.9 23 
sm4 6.2 26 st3 6.2 25 
st2 5.8 25 st4 5.8 23 
st3 4.8 25 st5 4.8 23 

stl 6.9 14 st2 7.1 13 
X, 6.1 12 t l  6.2 12 
Y 6.2 6 - 3 Ya 7.2 10 

1 Species no. 1 excluded 2 Species nos. 1-2 excluded 3 Species no. 5 excluded 4 Species nos. 1-3 excluded 

Hereditas 71. 1972 



CHROMOSOMES OF MONGOOSES I 51 

degree of contraction are measured. The absolute 
lengths of the female haploid set for the different 
mongooses are compiled in Table 16. The values 
are gathered around a mean of 65.4 p. A t test 
of the values from the two individuals within 
each species showed significant differences only 
for Herpestes brachyurus and Helogale parvula 
at the 95% level and for Herpestes auropunctatus 
at the 99% level. Variance analysis of the entire 
material, however, revealed a highly significant 
variation between individuals within species, but 
not between species or between the two groups 
Herpestes versus all other genera. If Herpestes is 
subdivided into three groups, ( I )  H.  i. + H.s. + 
+ H. p . ;  (2 )  H.  a .  + H. e.  + H . J ;  (3) H.  u. + H .  b. ,  
there is a difference in absolute length at the 95% 
level between the groups. The reason for the 

unexpected difference between individuals within 
species is probably a statistical effect due to the 
fact that cells with chromosomes of similar 
contraction were chosen within a preparation 
(or series of preparations from one individual) 
but, in spite of all precautions taken, the degree 
of contraction varied in different series of prepara- 
tions (cf. BENDER and KASTENBAUM 1969). The 
differences are not of such an amplitude, however, 
that they invalidate a meaningful comparison, 
particularly when based on relative lengths. 

Table 17 is a synopsis of all chromosomes in 
the 12 species studied and each horizontal line 
in the table lists chromosomes with best corre- 
spondence in size and centromeric location. In 
Fig. 37-41 the chromosomes are represented by 
vertical lines, 0 being the location of the centro- 

each species the columns a, b and c refer to chromosome designation, relative length and centromeric index, respectively 

8 9 10 I I  12 Average for species 
Herpestes Helogale Mungos Crossarchus Cynictis 
brachyurus parvula mungo obscurus penicillata 4-1 I 1-12 

a b c  a b c  a b c  a b c  a b c  b c  b c  

ml 7.4 41 

m2 6.7 46 

m3 4.6 45 
m4 3.9 42 

m6 3.2 43 

XI 5.0 45 

sml 7.7 36 

sm2 6.2 36 
sm4 6.0 31 
sm6 4.2 36 
sm7 3.9 34 
m5 3.3 39 

stl 7.8 24 
sm3 6.2 27 
st4 5.9 25 
sm5 5.0 26 

st2 6.8 17 
st3 6.5 16 
? 

ml 7.2 40 

m2 6.9 48 
X 5.0 44 
m3 4.7 45 
m4 4.1 40 

m5 3.2 41 

sml 7.7 36 

sm4 5.9 34 
sm3 6.1 31 
sm5 4.1 36 
sm6 3.7 31 
sm7 3.1 34 

stl 8.0 24 
sm2 6.4 27 
st4 5.9 24 
st5 4.8 24 

st2 6.7 13 
st3 6.4 18 
Y 1.5 45 

ml  7.2 40 

m2 6.8 47 
X 5.0 44 
m3 4.7 46 
m4 4.0 41 

m5 3.1 40 

sml 7.6 36 

sm4 6.0 33 
sm3 6.0 30 
sm5 4.0 36 
sm6 3.6 32 
sm7 3.1 35 

stl 8.2 22 
sm2 6.5 28 
st4 5.9 24 
st5 4.8 24 

st2 7.2 13 
st3 6.4 18 
Y 1.5 46 

m l  7.4 40 

m2 6.9 47 
X 5.1 43 
m3 4.8 46 
m4 4.0 39 

m5 3.1 42 

sml 7.7 36 

sm3 6.1 33 
sm2 6.2 29 
sm4 4.0 36 
sm5 3.5 30 
sm6 2.9 32 

stl 8.2 23 
st4 6.2 25 
st5 6.0 23 
st6 4.9 22 

st2 6.8 13 
st3 6.3 19 
Y 1.4 42 

ml 7.0 40 

rn2 6.4 48 
X 5.0 43 
m4 4.5 46 
m5 4.2 42 

m8 3.6 45 

sm2 7.3 37 

m3 6.1 38 
sm5 6.0 34 
m6 4.1 41 
m7 3.9 40 
m9 3.4 43 

sml 7.8 27 
sm4 6.4 32 
sm6 5.9 29 
sm7 5.0 30 

stl 6.7 19 
sm3 6.7 26 
Y 1.9 47 

7.21 40.3 

6.78 46.9 
5.01 44.2 
4.68 45.3 
4.02 40.6 

3.433 42.83 

7.59 36.5 

6.03 33.7 
6.00 30.5 
4.08 36.7 
3.70 31.4 
3.14 35.4 

8.013 23.43 
6.23 26.3 
5.83 24.1 
4.86 24.1 

6.83 13.9 
6.25 14.9 

7.041 39.91 

6.722 46.92 
5.01 43.7 
4.70 45.8 
4.01 40.9 

3.473 43.23 

7.55' 36.5' 

6.034 34.1' 
5.96 31.2 
4.04 37.2 
3.70 32.6 
3.18 36.6 

7.893 24.15 
6.22 27.0 
5.80 24.8 
4.83 24.9 

6.86 15.5 
6.31 17.4 
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mere, and chromosomes which best correspond 
to each other are selected and coordinated into 
19 basic chromosome types, A1-6, B1-6, 
C1-4 and D1-3. All species but three have 17 
autosome pairs; Herpestes pulverulentus has 19, 
H. sanguineus has 20 and H. ichneumon has 21 
autosome pairs. This variation in autosome num- 
ber can be accounted for by centric fusion/fission 
events in sanguineus and ichneumon, but in 
pulverulenfus rearrangement mechanisms such as 
pericentric inversions must also be involved. 

The chromosomes responsible for differences 
in chromosome number will first be dealt with. 
The 8 t chromosomes of ichneumon are regarded 
as the two arms of chromosomes A l ,  A2, B1 and 
B2, and the 6 t chromosomes of sanguineus are 
regarded as the two arms of A2, B1 and B2. 
The 4 “new” chromosomes of pulverulentus are 
placed as B1 and B2, the two types remaining 
after all other chromosomes are distributed. The 
total lengths of these pulverulenfus chromosomes, 
however, are too long in comparison with the 
other chromosomes in their respective group. 
This distribution of the t chromosomes gives as 
good an agreement as possible on the basis of 
the centric fusion/fission hypothesis. As is clear 
from Fig. 37 and 38 reasonably good agreement 
is obtained in A2 and BI, whereas the short arm 
component in A1 (t8) is too short and the short 
arm components in B2 (t7 and t6) are too long in 
comparison with the average of the types con- 
cerned. The reason for the present arrangement 
is that t8 and t3 of ichneumon correspond well 
with the short and long arms of the A1 chromo- 
somes of sanguineus and pulverulentus. However, 
these chromosomes are somewhat shorter than 
the other A1 chromosomes, and may alternatively 
be regarded as B2 chromosomes although in the 
following features they differ from typical B2 
chromosomes: they are too long (relative lengths 
6.4 and 6.3 as compared with 6.0) and their 
centromeric indices are too high (39 and 37 as 
compared with 34). On the other hand, they 
resemble the B2 chromosome of Cynictis (relative 
length 6.1, c.i. = 38). Experiments with the new 
staining techniques may reveal whether the 
present arrangement of the A1 and B2 chromo- 
somes of ichneumon, sanguineus and pulverulentus 
is satisfactory. 

The most striking feature of Table 17 and 
Fig. 37-41 is the good agreement in chromo- 
some morphology in the majority of chromo- 

some types. For instance, the chromosomes of 
type A3, the X (XI) chromosome, varies in rela- 
tive length between 4.9 and 5.2 (mean 5.01 f 0.03) 
and the centromeric index varies between 42 and 
45 (mean 43.7 f 0.3). Chromosomes, deviating 
in a group, are as a rule those of the extreme 
species, that is Herpestes ichneumon and Cynictis 
penicillata; particularly the Cynictis chromo- 
somes often deviate by a more median position 
of the centromere. Therefore, average values for 
relative lengths and centromeric indices are given 
in Table 17 both for all 12 species and for species 
4-11, in the latter case excluding H. ichneumon, 
H.  sanguineus, H .  pulverulentus and Cynictis. 

Of the A-type chromosomes only pair A6 
shows comparatively large variation among the 
species and it may be significant that m3a and 
m3b of Herpestes edwardsi most likely belong to 
this type. The short arms of these chromosomes 
correspond relatively well with the long arms of 
the other chromosomes of this type and therefore 
the long arm of m3, which varies in length, is 
turned upwards here (Fig. 38) and in the karyo- 
types (Fig. 14 and 15). 

There are chromosome pairs in all species 
which are difficult to distinguish from each other, 
e.g. A5 and B4, and B2 and B3. When these 
chromosomes were paired off, the centromeric 
index was used as the primary criterion. A5 has 
an average centromeric index of 41 and B4 of 
37, their average length being the same (A5 is the 
longest in 2 species, B4 is the longest in 3 species 
and the two pairs are of equal length in 7 species). 
In the same manner, B2 has an average centro- 
meric index of 34 and B3 of 31, their average 
length also being the same (82 is the longest in 
4 species, B3 is the longest in 3 species and in 2 
species the two pairs are of equal length; B2 is 
substituted by other chromosomes in species 
1-3 which are therefore excluded from this 
comparison). The risk of creating nonexistent 
morphologic differences is obvious when the 
pairing-off method is used for very similar chro- 
mosomes. If the length had been chosen as the 
primary criterion, perhaps no differences in 
centromeric indices would have occurred. 

In all species the C1 chromosome is the longest 
one having a centromeric index of 22-27 in 11 
species. In Herpestes edwardsi this marker chro- 
mosome has an altered morphology due to extra 
chromatin material in its short arm, and as 
discussed before two different types (a and b) of 
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A 2  

Fig. 37-41. Synopsis of the chromosomes through all I 2  species; chromosomes which best correspond to 
each other in relative length and centromeric index are selected and coordinated into 19 basic chromosome 
types called Al-6, El-6, CI ~ 4 and DI-3 (cf. Table 17). Scale graduated into per cent of female haploid 
set, 0 being the location of the centromere. Above: abbreviated designations of the 12 species; below: 
chromosomal designations according to the m-sm -st-t nomenclature. 
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Fig. 39. 

this chromosome were present among the four The edwardsi group: Herpestes auropunctatus, H. 
specimens studied. C2 and C3 might be difficult edwardsi, and H. fuscus. 
to distinguish from each other. However, C2 is The mungo group: Helogak parvula, Mungos 
always longer than C3 and has a somewhat mungo and Crossarchus obscurus. 
higher centromeric index; the length of the short The original chromosome is translocated on 

to an autosome in all Herpestes species. arm is the best criterion for identification. 

will be dealt with in more detail. Some of the each group (Fig. 41). The short of are 

than in the other species, which, with the ex- groups: 

The ichneumon group: Herpestes ichneumon, H. ception of Herpestes brachyurus, have short arms 
sanguineus and H. pulverulentus. of similar length. Concerning the long arm of Dl 

The type chromosomes are interesting and There seem to be some features common to 

species may be arranged into the following longer in the ichneumon group and in Cynictis 
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there is no definite tendency. The length of the 
short arms of D2 fall into three groups, one 
formed by the ichneumon group and Cynictis, 
one by the edwardsi group and one by the mungo 
group. Herpestes urva is included in the same 
group as edwardsi, H.  brachyurus in the same as 
mungo. The lengths of the long arms do not 
show any clear-cut grouping, although the long 
arms of the ichneumon group and of Cynictis are 
the shortest. In the ichneumon group the short 
arms of D1 and D2 are of equal length, in the 
edwardsi group and in urva and brachyurus the 
short arms of D1 are longer than D2 and in the 
mungo group and Cynictis the short arms of D2 
are longer than D1. Even though the Y chromo- 
somes vary in size and appearance within the 
species of the ichneumon group, some general 
tendencies become evident from the analysis of 
type D3. The short arms of the ichneumon group 
are longer than those of the edwardsi group and 
correspond in size with one arm of the Y chro- 
mosomes of the mungo group. No male was 
available from H. urva, and in the only male of 
H. brachyurus studied no Y chromosome was 
distinguished among the D chromosomes, indi- 
cating that the Y of this species must have a 
relatively large short arm comparable in size to 
those of the Y chromosomes of the ichneumon 
group. The Y chromosomes of H.  ichneumon 
and H. sanguineus have longer long arms than 
those of the edwardsi group, and in this respect 
H. pulverulentus agrees with the edwardsi group. 

Discussion 
1 .  Chromosomes of other mongoose species 
Until now chromosome studies have been per- 
formed on 17 species of mongooses, and these 
are listed in Table 18. Five of these species were 
not investigated by the present author and their 
karyotypes will be commented on below: 

A. Javan mongoose, Herpestes javanicus 
(GEOFFROY) (1 8 12) 

There is some uncertainty whether the chromo- 
somes of this species have been studied or not 
and this is mainly due to the diversity of taxo- 
nomical opinions. Some authors regard javanicus 
as synonymous with auropunctatus (POCOCK 

1941; TODD and PRESSMAN 1966), while others 
follow CHASEN (1940) who states “two species 
of this group, distinguished chiefly by size, occur 
in the Malay Peninsula: only one can be the local 
representative of javanicus and it appears to be 
the larger form. H. auropunctatus is the earliest 
name for the other association”. The present 
author, like ELLERMAN and MORRISON-SCOTT 
(1951), MORRIS (1965) and HINTON and DUNN 
(1967), prefers to regard javanicus and auro- 
punctatus as separate species. 

TODD and PRESSMAN (1966) reported 2n = 35/36 
in H. javanicus, but there seems to be no doubt 
that the two specimens studied belonged to the 
species H. auropunctatus, as understood here. 
This conclusion is supported by the fact that 
the specimens in question came from Gujarat in 
north-west India (TODD pers. comm. 1967), an 
area outside the distribution range of H. javanicus. 

BENIRSCHKE (pers. comm. 1969), studying the 
chromosomes of two males of H. javanicus, 
found 35 chromosomes in both. His specimens 
came from South Vietnam, which is within the 
distribution range of javanicus but outside the 
range of auropunctatus (HINTON and DUNN 1967). 
It thus seems likely that the specimens studied 
by BENIRSCHKE were H. javanicus, but to cite his 
letter “we are not sure whether these are, as 
some believe, the same as H. auropunctatus”. 

B. Water mongoose, Atilax paludinosus 
(G. CUVIER) (1829) 
Five individuals have been studied; one male and 
one female by Hsu (pers. comm. 1966), one 
female by TODD and PRESSMAN (1967) and one 
male and one female by WURSTER and BE- 
NIRSCHKE (1 968). The findings are in good agree- 
ment, 2n=35 male, 36 female. A beautiful male 
karyotype showing a characteristic mongoose 
karyotype was published by WURSTER and 
BENIRSCHKE (1968, p. 351). The four D chromo- 
somes (bottom row, left) are of special interest 
and are in my opinion, from left to right, Y, 
st2, st2, and Xa (with the nomenclature used in 
the present study). If this interpretation is correct 
it means that these chromosomes of Atilax are 
most similar to those of the ichneumon group, 
viz. a large Y chromosome with a small but 
distinct short arm and an Xa chromosome with 
a comparatively large short arm. Good support 
for this opinion comes from the female karyo- 
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Table 18. Survey of chromosomally investigated mongooses (1972) 
Table 3 in FREDGA 1970 revised and brought up to date 

Species Number of specimens Chromosome References 
studied number 

Male Female Male Female 

Herpestes ichneumon 
sanguineus 
pulverulentus 
javanicus (?) 
auropunctatus 
edwardsi 
fuscus 
urva 
brachyurus 

Atilax paludinosus 
Helogale parvula 
Mungos mungo 
Crossarchus obscurus 
Ichneumia albicauda 
Bdeogale nigripes 
Cynictis penicillata 
Suricata suricatta 

2 1 
2 
1 1 
2 

18 + 9 +  
5 3 
I I 

2 
I 1 
2 3 
I I 
7 6 
I 
1 
I 1 
3 2 
2 2 

- 

- 

- 

- 
~ 

43 
41 
39 
35 
35 
35 
35 
? 
35 
35 
36 
36 
36 
36 
36 
36 
36 

44 
(42)* 
40 

(36)* 
36 
36 
36 
36 
36 
36 
36 
36 

(36)' 
(36)* 
36 
36 
36 

7. 8 
7, 8 
8 
1 
2, 3 8, 14--17 
8, 16 
7, 8 
7, 8 
7, 8 
10, 12, 18, 20 
7, 8 
7, 8, 20 
7, 8 
20 
13, 20 
7, 8, 9, 19 
1 1 .  17. 20 

* N o  females were studied 

1. BENIRSCHKE ( I  969 pers. cornm.) 
2. BHATNAGAR (1969 pers. comm.) 
3. FREDGA (1965) 
4. FREDGA (1967a) 
5.  FREDGA (1967b) 
6. FREDGA (1968) 
7. FREDCA (1970) 
8.  FREDGA (present paper) 
9. GERNEKE (1967) 

10. Hsu (1966 pers. comm.) 

type published by Hsu and BENIRSCHKE (1969). 
As would be expected from the chromosome 
number, however, the other chromosomes show 
greater similarities with those of other Herpestes 
species having 35/36 chromosomes. 

C. White-tailed mongoose, Ichneumia albicauda 
(G. CUVIER) (1829) 
One male was studied by WURSTER and BE- 
NIRSCHKE (1968) who found 2n = 36, and judging 
from the figure published, the karyotype of this 
species is indistinguishable from those of Helo- 
gale, Mungos and Crossarchus. Apparently, the 
Y chromosome of Ichneumia is as small as in 
these three species; the centromeric index, how- 
ever, appears to be lower than in Helogale and 
Mungos. 

1 I .  Hsu and BENIRSCHKE (1967) 
12. Hsu and BENIRSCHKE (1969) 
1 3 .  Hsu and BENIRSCHKE (1971) 
14. MANNA and TALUKDAR (1965) 
IS. RAY-CHAUDHURI et al. (1966) 
16. RAY-CHAUDHURI et al. (1968) 
17. TODD and PRESSMAN (1 966) 
18. TODD and PRESSMAN (1967) 
19. TODD et al. (1967) 
20. WURSTER and BENIRSCHKE (1968) 

D. Black-footed mongoose, Bdeogale nigripes 
PUCHERAN (1 855) 

One male and one female were studied by WUR- 
STER and BENIRSCHKE (1968) who found 2n = 36, 
and although the matching of some chromo- 
somes in the published karyotype appears in- 
correct, it is clear that the karyotype of Bdeo- 
gale very much resembles those of Helogale, 
Mungos, Crossarchus and Ichneumia, with one 
interesting exception however: The Y chromo- 
some, although the smallest chromosomes of the 
complement, is larger than the Y of the four 
other species and seems to be comparable in 
size to that of Cynictis. Recently, karyotypes of 
one male and one female of Bdeogale nigripes 
were published in the Atlas of Mammalian Chro- 
mosomes (Hsu and BENIRSCHKE 1971), and al- 
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though the arrangement of the individual chro- 
mosomes differs from that earlier published 
(WURSTER and BENIRSCHKE 1968), there are still 
most likely some errors; thus, the chromosome 
selected as X is certainly not the X. 

E. Meerkat, Suricata suricatta (SCHREBER) (1 776) 

Four individuals have been studied, one male and 
one female by TODD and PRESSMAN (1966) and 
one male and one female by WURSTER and 
BENIRSCHKE (1968; karyotype in Hsu and 
BENIRSCHKE 1957), 2n = 36. The karyotype, as 
judged from the published figures, seems to 
correspond well with the karyotypes of Helogale, 
Mungos, Crossarchus and Ichneumia, and the 
size of the Y is in better agreement with Y of 
these species than with that of Bdeogale and 
Cynicris. The location of the centromere is 
obscure on the karyotypes published, but accord- 
ing to Hsu and BENIRSCHKE (1967) the Y is 
telocentric. It is worthy of mention that the 
karyotype of Suricata does not particularly 
resemble that of Cynictis. 

2. Karyotype evolution in Herpestinae 
The question as to the role of chromosomal 
rearrangements in animal speciation is a contro- 
versial one. Some authors (e.g., MAYR 1963, 
1970) relegate structural rearrangements to a 
minor role, while others (e.g., WHITE 1968, 1969) 
regard structural rearrangements as an important 
factor in speciation under certain circumstances. 
Recently ARNASON (1972) discussed the role of 
chromosomal rearrangements in mammalian 
speciation and concluded that in some orders, 
such as Cetacea and Pinnipedia, this role is 
insignificant whereas in other orders, such as 
Insectivora and Rodentia, it is highly important. 
Ecological and reproductive factors were con- 
sidered to be responsible for these discrepancies 
between the different orders. 

The great majority of chromosomal rearrange- 
ments (inversions and translocations) result from 
two chromosome breaks, followed by reunion of 
the broken ends in a way different from the ori- 
ginal one. One specific type of chromosomal 
rearrangement prevalent in karyotype evolution 
in animals is by Robertsonian changes. The 
mechanisms by which a metacentric chromosome 
splits into two telocentrics and two telocentrics 
(or “acrocentrics”) join to form a metacentric 

are controversial (Hsu and MEAD 1969; WHITE 
1969; JOHN and HEWITT 1966, 1968), and will 
not be discussed in detail here. The present author 
favours the idea that true telocentric chromo- 
somes (viz. without a second short arm) do exist 
in nature both in plants and in animals, and that 
a metacentric chromosome can give rise to two 
telocentric chromosomes with functional centro- 
meres in spite of the fact that these centromeres 
are only half as complex as the original bipartite 
one. Similarly, two telocentric chromosomes may 
fuse and form one metacentric, and consequently 
it is adequate to s p x k  about centric fission and 
fusion in such cases. “Fusion” may also occur 
betwesn chromosomes with a small but distinct 
short arm (e.g. the human D and G group chro- 
mosomcs) giving rise to a large metacentric and 
a small centric fragment, which usually is lost. 
In such cases it is impossible to decide whether 
the points of breakage are in the centromeres or 
in the proximal ends of the chromosome arms. 
Strong evidence exists for both possibilities oc- 
curring in mammals. Concerning centric fusions 
and fissions (sensu stricto) it is usually difficult 
or impossible to tell in what direction chromo- 
some evolution has taken place, and this is also 
true for the Herpestinae. Centric fusions, how- 
ever, seem to be commoner among mammals 
than centric fissions and, as a matter of fact, 
only one convincing example of centric fission 
“in vivo” has been described (FREDGA and 
BERGSTROM 1970). 

In the present descriptions of the karyotypes 
as well as in Table 18, the genera are listed in 
order from the relatively primitive to the rela- 
tively specialized as far as this can be done in 
a linear series (HINTON and DUNN 1967). Within 
the genus Herpestes the species are ordered as in 
MORRIS (1965). The present study shows that this 
order corresponds to a reduction in chromosome 
number within the genus Herpestes: H. ichneumon 
has 2n=43/44, H .  sanguineus 2n=41/42, H. 
pulverulentus 2n = 39/40 and all the other species 
have 2n = 35/36. The genera Herpestes and Atilax 
are the only ones having the deviating sex-chro- 
mosome mechanism, all other genera have an 
ordinary sex-chromosome mechanism and 36 
chromosomes in both sexes. 

Two alternatives of chromosome evolution in 
Herpestinae will be discussed (Fig. 42). In alter- 
native 1 we start with a karyotype similar to that 
of Cynictis, viz. 17 pairs of atelocentric auto- 
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Hxdwardsi 
H.ouropunctotus 
H.fuscus 

H.urva 
H. brachyurus 

Y/Atilox 

36/36 
Africa 

Helogale 
Mungos 
Crossarchus 
Ichneumia 
Suricata 

Fig. 42. Phylograms of the 
Herpestinae coiistructed on 
the basis of chromosomal 
evolution; a: alternative I ,  
b: alternative 2. Chromosome 
numbers in male/female are 
indicated as well as diagrams 
of the chromosomes, charac- 
teristic of the different groups 
of species. The chromosomes 
are from left to right: X I ,  Xz. 
“neo-Y”, or X, D2, D2, and 
Y. c.fi. =centric fission, 
c.fu. =centric fusion. b 

Hsanguineus 

H.pulverulen tus 

Atilax 

H.edwardsi 
H.auropunc tatus 
H.fuscus 

H.urva I\ ’H.brachyurus 

Crossarchus 
lchneumia 
Suricata 

Bdeogale 

Cynictis 

35/36 1 1 

35/36  3 5 / 3 6  n n 
39/40  

41/42 XI 
4 3 / 4 4  

361 36 K K 
3 6 / 3 6  

3 6 / 3 6  1 [ 1 
36/36  

4 3 / 4 4  

35/36  

3 5 / 3 6  )( 1 

36/36  

36 /36  

361 36 

3 6 / 3 6  )( a 
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somes, one X of original type (OHNO et al. 1964) 
and one comparatively large Y. Translocation 
between an autosome (D2) and the Y divides 
the stock into two main branches, one with the 
genera Herpestes and Atilax, and one with the 
remaining genera. Of the present genus Herpestes, 
one branch developed in Asia and the other in 
Africa. The African Herpestes species are charac- 
terized by a comparatively large short arm of the 
neo-Y and of X2 and it is reasonable from a 
chromosomal point of view to regard Atilax as an 
early offshoot of this branch. After Atilax had 
branched off, centric fission occurred in two 
large autosome pairs, B1 and B2 (or, alternatively 
Al). The karyotype of H. pulverulentus was 
obtained by pericentric inversions of these 
fission products. The karyotype of H. sanguineus 
was obtained by another centric fission, of A2, 
and by still another centric fission, of A1 (or 
alternatively B2), the present karyotype of H. 
ichneumon originated. 

Of the Asian species of Herpestes, all have 
35/36 chromosomes and the edwardsi group is 
characterized by a reduction in size of the neo-Y 
chromosome, particularly striking in the short 
arm. The size of the short arm of X2 is also 
reduced. The karyotype of H. edwardsi is out- 
standing among all mongooses by the presence 
of additional chromatin on two autosome pairs, 
A6 and C1. The evolutionary significance of this 
heterochromatin is obscure, but it seems rea- 
sonable to regard it as a secondary phenome- 
non. 

Looking at the other main branch, the only 
notable change in chromosome morphology from 
the “primitive” karyotype is a reduction in size 
of the Y in the genera Helogale, Mungos, Crossar- 
chus, Ichneumia and Suricata, and also a slight 
change in chromosome morphology, viz. that 
the location of the centromere became less median 
in many chromosomes. A similar tendency is 
also evident in the Herpestes branch. 

In the present dendrogram (alternative 1) the 
different species are arranged in good agreement 
with their present karyotypes, but the position 
of the genera within the dendrogram does not 
show ideal correlation with morphological 
specialization in general. The least specialized 
species show the greatest chromosomal rearrange- 
ments, but since there is no general rule about 
chromosome number and morphology, on the 
one hand, and specialization, on the other, this 

does not invalidate alternative 1. Thus, EGOZCUE 
(1969) concludes in relation to karyotypic evolu- 
tion in primates “that the ‘primitiveness’ of a 
species has no correlation with the morphology 
of its chromosomes, and it is evident that species 
regarded as primitive have undergone more 
chromosomal rearrangements than other more 
specialized forms. In summary, there is no reason 
to support the contention that a high diploid 
number and a predominance of acrocentric 
chromosomes represent a primitive feature”. 

One fact speaking in favour of this alternative 
is that we start with a stock having “normal” 
mammalian sex chromosomes, and assuming that 
the X and Y were originally a homologous pair of 
ordinary chromosomes (OHNO 1967), it seems 
reasonable to start out with an X and a Y of 
similar size, and regard the reduction in size of 
the Y as an evolutionary trend. Another fact 
speaking in favour of this alternative is that the 
only species within the Herpestinae which has a 
satellited chromosome resembling the “carnivore 
chromosome”, viz. a small sm chromosome with 
satellites on the short arms, is Cynictis (chromo- 
some m6, Fig. 33). 

In alternative 2 we start with a karyotype 
similar to that of H. ichneumon, viz. 8 pairs of 
telocentric and 13 pairs of atelocentric autosomes 
(including X,) and one X (X,) of original type 
and a translocated Y. Thus, we postulate that 
the unique autosome-Y translocation is of an 
ancient origin and that the present karyotype 
of H .  ichneumon is primitive. By successive 
centric fusions of the telocentric elements the 
present karyotypes of H. sanguineus, H .  pul- 
verulentus and the “standard” 36-chromosome 
karyotype of the Herpestinae originated. In the 
case of H. pulverulentus, pericentric inversions 
and perhaps other chromosomal rearrangements 
occurred in 4 telocentric pairs. Atilax branched 
off before some species, all with 35/36 chromo- 
somes, developed further in Asia, of which the 
edwardsi group is characterized by a reduction 
in size of the Y (see above). The critical point in 
this dendrogram is the origin of a small individual 
Y chromosome from the A-Y chromosome of 
Herpestes by some kind of dissociation. During 
further processes of speciation the very small Y 
chromosome increased in size and obtained the 
present size of the Y in Cynictis and Bdeogale. 
Within the mungo group a shift in centromeric 
location in the small Y took place, from an m 
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chromosome in Helogale and Mungos to a t 
chromosome in Suricata. 

In the present dendrogram (alternative 2) we 
start with the most primitive genus and end with 
the most specialized genus within the tribe 
Herpestini (Suricata suricatta belongs to the 
tribe Suricatini, see below, p. 64). It may be 
logical to start with Herpestes because this genus 
has been in existence for about 30 million years 
or longer than any other recent genus in the 
order Carnivora. Herpestes lemanensis POMEL is 
known from the Upper Oligocene of France and 
other species of Herpestes are known from the 
Miocene of Spain. Species of Mungos, Crossarchus 
and Cynictis have been described from the Plei- 
stocene of Africa (HINTON and DUNN 1967). 
It may be reasonable to conclude that the Her- 
pestinae originated in southern Europe and 
spread into southern Asia and into Africa, where 
now all recent species but the 8 Oriental ones 
occur. Only one species, Herpestes ichneumon, 
still remains in southern Europe. The present 
chromosome study includes species inhabiting 
the extreme ranges of distribution of the genus 
Herpestes, viz. H. pulverulentus in South Africa, 
H .  ichneumon in southern Europe and H. 
brachyurus in the Malay Pcninsula, Sumatra, 
Java and Borneo. The widespread distribution of 
Herpestes indicates an ancient origin of the auto- 
some-Y translocation, and in this connection it 
may be relevant to quote WHITE (1969, p. 95): 
“It is logical to assume that the translocation 
which led to the establishment of an X,X,Y sex 
chromosome mechanism in at least 16 genera of 
Mantids was a single event which occurred in the 
common ancestor of these genera (with a total 
of perhaps 500 species) as long ago as the Mio- 
cene or Oligocene.” 

The true X chromosome of the 12 species of 
mongooses studied in detail comprises 5 per cent 
of the female haploid gencme and is thus of the 
original-type X (OHNO et al. 1964). This kind of 
metacentric X chrcmosome must be of an ancient 
origin, because it is present in all Carnivora thus 
far studied, with the single exception of the 
raccoon dog (Nyctereutes procyonides) which has 
an acrocentric X (WURSTER 1969). 

3. Taxonomic remarks 
The order Carnivora is usually subdivided into 
two superfamilies, Canoidea with the four fami- 

lies Canidae, Ursidae, Procyonidae and Muste- 
lidae, and Feloidea with the three families 
Viverridae, Hyaenidae and Felidae (SIMPSON 
1945). Some of the classically recognized families 
(especially Viverridae, Procyonidae and Muste- 
lidae) have more than average internal divergence 
and it has been proposed that they be split into 
a greater number of families. SIMPSON (1961), 
however, regards it as fairly certain that the classi- 
cal families are “good” taxa, and thinks it more 
convenient to continue to rank them as families. 
ROMER (1966) divides the Carnivora into the 
same seven families. On the other hand, POCOCK 
(1916, 1919, 1941) and GREGORY and HELLMAN 
(1939) rank the mongooses as a family, Her- 
pestidae, and THENIUS and HOFER (1960) and 
THENIUS (1969) divide the Viverridae of SIMPSON 
into Viverridae, Herpestidae and Cryptoprocti- 
dae. 

The chromosomes, their number and morpho- 
logy, are an important taxonomic parameter, 
because the karyotype does not respond to 
selective pressure in the same way as anatomical 
and physiological characteristics. Thus, chromo- 
some analysis can solve at least some systematic 
problems. Comparative chromosome studies in 
the Carnivora were undertaken by WURSTER and 
BENIRSCHKE (1968), who paid special attention to 
the satellited marker chromosomes, which are 
often characteristic for each family. Every mem- 
ber of the family Viverridae with the exception 
of the Herpestinae bears well defined satcllited 
marker chromosomes. WURSTER and BENIRSCHKE 
concluded that the lack of a marker chromosome 
and the uniformity of karyotype among the 
members thus far studied (8 species), provided 
karyological support for a separate family 
grouping of the Herpestinae. The present study 
deals with 17 species of mongooses, and it is 
not surprising that the chromosome situation 
now is somewhat more complicated. Three 
species have not 35/36 or 36/36 chromosomes, 
but still there is relatively good uniformity 
among the species. Only one species, Cynictis 
penicillata, had a satellited marker chromosome 
comparable with the “carnivorc chromosome”, 
but the sccondary constriction (or satellite fibre) 
was not regularly present and usually not as 
distinct as in the cat (Felis catus), for instance. 
It seems likely that the majority of carnivores 
have only one but distinct nucleolar-organizing 
region, whereas the mongooses have 3-4 less 
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distinct regions. However, the evolutionary im- 
plications of this are obscure. 

There is no doubt that the Viverridae is one of 
the most puzzling of all mammalian groups, and 
systematics of the genet and mongoose is still in 
its infancy (DORST and DANDELOT 1970). An 
example of our incomplete knowledge about 
mongooses is that Liberiictis kuhni is known only 
from eight skulls from forested areas in north- 
eastern Liberia, which were named and described 
in 1958 by HAYMAN. The external characters of 
this mongoose are still not known (WALKER 
1964; DORST and DANDELOT 1970). 

The number of living mongoose species varies 
according to the source consulted, there being a 
general tendency among modern taxonomists 
to reduce the number of previously described 
species. MORRIS (1964) lists 40 species, HINTON 
and DUNN (1967) list 36, with the reservation 
that a thorough revision of the genus Helogale 
will almost certainly result in a reduction in the 
number of species now recognized. HINTON and 
DUNN give 8, MORRIS 6 Helogale species, and 
this number was provisionally reduced to 2 by 
COETZEE (1  967) and finally to 1, Helogale parvula, 
by DORST and DANDELOT (1970, advised by 
COETZEE?). HINTON and DUNN give Herpestes 
ochracea as a species, DORST and DANDELOT 
include it in H .  sanguineus. In respect to other 
African species, there is full agreement between 
HINTON and DUNN, on the one hand, and DORST 
and DANDELOT, on the other, and this means 
that the number of valid species recognized to- 
day is 28, subdivided into the following 13 
genera (number of species in parenthesis): 
Herpesfes (12), Atilax (I) ,  Helogale (l), Mungos 
(2), Crossarchus (3), Liberiictis (l), Dologale ( I ) ,  
Ichneumia ( l ) ,  Rhynchogale (l), Bdeogale (2), 
Paracynictis (l), Cynictis (l), and Suricata (1). 
Of Herpestes, which is by far the largest genus, 8 
species occur in the Oriental region and 4 in 
Africa. The Oriental species are usually divided 
into two subgenera, Herpestes ( 5 )  and Urva (3), 
and the African species are also divided into two 
subgenera, Herpestes (2, H. ichneumon and H. 
naso) and Galerella (2, H .  sanguineus and H. 
pulverulentus). 

All Herpestes species studied thus far have the 
deviating sex-chromosome mechanism, and all 
other Herpestinae species excepting Atilax 
paludinosus have an ordinary XYlXX sex-chro- 
mosome mechanism. Consequently, from a 

karyological point of view, Atilax should be 
included in Herpestes or, alternatively, the 
African Herpestes species should be split and 
ranked into one or several new genera. To solve 
this problem, it would be of the greatest value to 
investigate the chromosomes of H. naso, which 
like H. ichneumon is now included in the subgenus 
Herpestes, but was included in the genus Atilax 
by ALLEN (1939). It should also be valuable to 
examine the chromosomes of H .  sanguineus from 
different areas. This species is represented by a 
large number of forms (HINTON and DUNN 1967 
list not less than 41) distributed over most of 
Africa south of the Sahara, many of which have 
even recently been recorded as separate species 
(e.g. H. ochracea, H. dentijer and H. granti, 
MORRIS 1965). From a chromosomal point of 
view there is greater similarity between H. 
sanguineus and H. ichneumon than between H. 
sanguineus and H .  pulverulentus. 

The karyological similarities of Suricata suri- 
catta and the mungos group are interesting. 
POCOCK (1919) considers it a tenable hypothesis 
that Suricata is a highly specialized offshoot of 
the Mungos + Crossarchus stock because there is 
one significant similarity in the skull (namely 
the situation of the foramen rotundurn alongside 
the anterior orifice of the alisphenoid canal and 
close to the sphenoidal fissure), a character 
restricted to Mungos, Crossarchus, ?Rhynchogale, 
and Suricata. ROBERTS (1951) also points to the 
similarities between Suricata and Mungos: Suri- 
cata “is probably more closely related to Mungos 
than any other, indications remaining of the 
crossbands on the lower back, the claws being 
long, the tail short, tapering and not bushy, and 
the first premolar being absent above and below, 
while the animals are diurnal, gregarious and 
not of vicious temperament;”. However, Suricata 
suricatta has always been admitted to hold an 
isolated position among the mongooses and is 
placed in a tribe of its own, Suricatini, mainly 
due to differences in the skull characters and in 
the structure of the ear. Suricata, like Bdeogale 
and Paracynictis, have only four toes on both 
front and hind feet; Cynictis has five toes on the 
front feet and four on the hind feet, but all other 
mongooses have five toes on both front and hind 
feet. 
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General conclusions 
The species of mongooses may be divided into 
two main groups, those with a deviating sex 
chromosome mechanism (XIX,X,XJX,X,Y and 
those with a normal sex chromosome mechanism 
(XX/XY). Of the species studied so far, 9 belong 
to the first category and 7 to the second (of 
Herpestes urva only two females have been 
studied). The deviating sex-chromosome mecha- 
nism is characteristic of the genus Herpestes. 

The mongooses show a relatively uniform 
karyotypic pattern with a predominant chromo- 
some number of 36. Three species, Herpestes 
ichneumon, sanguineus and pulverulentus deviate 
with the chromosome numbers, 43/44, 41/42 and 
39/40, respectively; the remaining Herpestes 
species have 2n = 35/36. Herpestes auropunctafus 
and fuscus have identical karyotypes. The karyo- 
type of H. edwardsi is remarkable because two 
pairs of chromosomes show dimorphism, both 
types of each pair being larger than correspond- 
ing pairs in all other species. One of these pairs 
(Cl) is the largest chromosome, and its compara- 
tively high centromeric index makes the karyo- 
type of edwardsi immediately distinguishable. The 
karyotypes of H. urva and brachyurus show only 
minor differences from each other and from the 
karyotype of auropunctatus; the D group chro- 
mosomes of brachyurus have comparatively large 
short arms and this was the only species in which 
the neo-Y chromosome could not be identified. 
The karyotypes of Helogale parvula, Mungos 
mungo and Crossarchus obscurus are practically 
indistinguishable: they all have 36 chromosomes 
in males and females and the Y is a very small m 
chromosome. The karyotype of Cynictis peni- 
cillata is striking with its large number of m and 
sm chromosomes and only one st chromosome; 
a small change in the centromeric position of 
certain chromosomes accounts, however, for this. 
The Y chromosome of  Cynictis is larger than 
that of Helogale, Mungos and Crossarchus. The 
morphology of the D group chromosomes (Fig. 
41) shows small but characteristic differences 
between groups of species. Thus, the African 
Herpestes species differ from the Asian ones by 
having longer short arms on the Dl, X, and neo-Y 
chromosomes. The three species of Helogale, 
Mungos and Crossarchus also form a homogeneous 
group in regard to the morphology of the D 
group chromosomes. The true X chromosome, 

which apparently is identical through all the 
species, constitutes 5 per cent of the female 
haploid set and is thus of the original type. 

Up to now the chromosomes have been studied 
in altogether 17 of the 28 species of living mon- 
gooses permitting some conclusions to be drawn 
in relation to karyotype evolution. Although 
centric fusion/fission events have been demon- 
strated in the autosomes, as well as pericentric 
inversions, it is difficult to visualize the direction 
taken by the centric fusion/fission changes, 
whether from telocentric towards metacentric 
chromosomes or the opposite. Provided that the 
autosome-Y translocation occurred only once 
during evolution, it must be of ancient origin, 
since the genus Herpestes is represented in 
southern Europe, all over Africa and in the Orien- 
tal region as far away as Sumatra, Java and Bor- 
neo. This conclusion is also supported by the 
fact that the genus Herpestes has been in existence 
for about 30 million years, or longer than any 
recent genus in the order Carnivora (HINTON and 
DUNN 1967). 

In the mongooses, up to 4 pairs of chromo- 
somes havc vague satellites on their short arms 
and these chromosomes often take part in associa- 
tions, probably in connection with nucleolar 
formation. Carnivores in general have only one 
pair of chromosomes with satellites, but these are 
usually distinct (e.g. Felidae, Hyaenidae and 
Viverridae except Herpestinae), or one pair with 
a prominent secondary constriction in the long 
arm close to the centromere (e.g. Mustelidae). 
Most cytogenetic data, including the deviating 
sex-chromosome mechanism in Herpestes and 
the relative uniformity of the karyotypes within 
the Herpestinae, support the opinion of elevating 
this subfamily to the rank of the family Herpes- 
tidae. 

From the karyological point of view there is 
no reason to separate Suricata suricatta into a 
special tribe of the Herpestinae. 

Afilax paludinosus is the only species of its 
genus and has the deviating sex-chromosome 
mechanism characteristic of the genus Herpestes. 
Since this species resembles Herpestes also in 
morphologic respects it seems sensible to include 
it in Herpestes. 

For the eventual revision of the taxonomy of 
this insufficiently known group of mammals it 
will be necessary to consider the karyological 
parameter as well as the morphological, ana- 
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tomical, paleontological, biochemical and etho- 
logical parameters. Since the chromosomes are 
the vehicle of the genetic constitution, which in 
its turn is the material for the evolution, the 
karyologic aspects are of paramount interest for 
the understanding of these problems. 
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Appendix 

Table 19. Chromosome measurements of 5 female and 5 male cells of Herpestes ichneumon 

Chromo- Absolute length Relative length Centromeric index 
some 

Female Male Female Male Female Male 

Mean S.e. Mean S.e. Mean S.e. Mean S.e. Mean S.e. Mean S.e. 

XI 3.08 
ml  3.05 
m2 2.55 
m3 2.4 I 
m4 2.28 
m5 2.16 
m6 2.1 1 

sm 1 3.93 
sm2 3.75 
sm3 3.56 
sm4 2.95 

stl 4.79 
st2 4.50 
x2 3.87 

Y 
t l  3.03 
t2 2.60 
t3 2.46 
t4 2.27 
t5 2.13 
t6 1.94 
t7 1.78 
t8 1.56 

A + X  62.76 

- 

0.09 
0.10 
0.06 
0.06 
0.06 
0.03 
0.04 

0.12 
0.1 1 
0.11 
0.06 

0.17 
0.13 
0.11 

- 
0.13 
0.09 
0.08 
0.07 
0.06 
0.05 
0.06 
0.05 

3.40 
3.33 
2.67 
2.56 
2.48 
2.32 
2.25 

4.09 
3.91 
3.84 
3.12 

4.96 
4.54 
4.16 

4.80 
3.00 
2.76 
2.61 
2.33 
2.15 
2.09 
2.04 
1.74 

66.35 

0.11 
0.10 
0.06 
0.07 
0.07 
0.06 
0.03 

0.10 
0.10 
0.11 
0.08 

0.12 
0.10 
0.24 

0.21 
0.07 
0.08 
0.07 
0.07 
0.07 
0.06 
0.05 
0.05 

4.90 
4.86 
4.07 
3.85 
3.63 
3.46 
3.37 

6.26 
5.97 
5.67 
4.71 

7.62 
7.17 
6.17 

- 

4.8 I 
4.14 
3.92 
3.62 
3.39 
3.09 
2.83 
2.49 

0.05 
0.06 
0.04 
0.06 
0.03 
0.08 
0.06 

0.06 
0.05 
0.07 
0.07 

0.10 
0.09 
0.06 

- 
0.09 
0.05 
0.04 
0.03 
0.04 
0.04 
0.04 
0.02 

5.13 
5.01 
4.03 
3.86 
3.74 
3.50 
3.40 

6.16 
5.89 
5.78 
4.70 

7.48 
6.85 
6.25 

7.23 
4.53 
4.16 
3.93 
3.51 
3.24 
3.15 
3.08 
2.62 

0.09 
0.07 
0.05 
0.06 
0.06 
0.07 
0.05 

0.06 
0.07 
0.06 
0.05 

0.06 
0.06 
0.15 

0.12 
0.06 
0.05 
0.02 
0.06 
0.05 
0.02 
0.03 
0.05 

41.8 
46.9 
38.0 
40.6 
44.1 
37.5 
44.1 

28.0 
32.6 
25.6 
26.2 

23.5 
18.9 
19.9 

- 
- 
- 
- 
- 
- 
- 
- 
_. 

0.6 
0.4 
0.5 
0.6 
0.7 
0.8 
0.6 

0.3 
0.7 
0.7 
0.8 

0.4 
0.4 
0.6 

- 
- 
- 
- 
- 
- 
- 
- 
- 

45.3 
45.9 
38.6 
41.4 
42.4 
38.4 
42.2 

29.6 
33.0 
27.7 
27.6 

25.4 
18.8 
22.5 

10.4 
- 
- 
- 
- 
- 
_. 

- 
~~ 

0.2 
0.6 
0.4 
0.3 
0.6 
0.6 
0.6 

0.5 
0.2 
0.6 
0.6 

0.4 
0.6 
0.7 

0.4 
- 
- 
- 
- 
_ _  
~ 

~ 
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Table 20. Chromosome measurements of 5 cells from each of two males of Herpesfes sanguineus 

Chromo- Absolute length Relative length Centromeric index 
some 

H.s. 1 H.s. 2 H.s. I H.s. 2 H.s. 1 H.s. 2 

Mean S.e. Mean S.e. Mean S.e. Mean S.e. Mean S.e. Mean S.e. 

ml 
XI 
m2 
m3 
m4 

sm I 
sm2 
sm3 
sm4 
sm5 
sm6 

S t  I 
st2 
x2 
st3 

Y 
t l  
t2 
t3 
t4 
t5 
t6 

4.22 0.15 
3.30 0.08 
3.19 0.08 
2.51 0.05 
2.37 0.04 

3.91 0.08 
3.76 0.06 
3.63 0.08 
2.54 0.07 
2.33 0.06 
2.04 0.05 

5.04 0.12 
4.80 0.09 
4.26 0.12 
3.07 0.06 

4.64 0.12 
2.94 0.06 
2.65 0.07 
2.20 0.05 
2.05 0.04 
1.89 0.03 
1.78 0.04 

4.3 I 
3.60 
3.33 
2.79 
2.56 

4.17 
3.98 
3.93 
2.66 
2.56 
2.23 

5.35 
4.90 
4.42 
3.23 

5.26 
3.13 
2.81 
2.36 
2. I7 
1.97 
1.88 

0.04 
0.07 
0.06 
0.06 
0.07 

0.07 
0.05 
0.07 
0.06 
0.05 
0.05 

0.09 
0.06 
0.20 
0.06 

0. I3 
0.06 
0.05 
0.03 
0.04 
0.04 
0.05 

6.53 0.13 6.31 0.07 39.5 0.5 38.3 
5.12 0.05 5.27 0.09 41.2 0.4 42.2 
4.94 0.05 4.87 0.07 47.3 0.4 47.5 
3.90 0.06 4.08 0.04 40.2 0.6 41.3 
3.68 0.05 3.75 0.08 46.4 0.3 45.2 

6.06 0.05 6.10 0.06 26.6 0.3 27.3 
5.83 0.04 5.83 0.03 30.9 0.3 31.9 
5.63 0.07 5.75 0.07 24.8 0.6 25.4 
3.94 0.06 3.89 0.05 36.5 0.8 36.9 
3.61 0.07 3.75 0.07 29.9 0.8 32.4 
3.16 0.06 3.26 0.05 34.3 1.0 35.9 

7.81 0.09 7.83 0.08 24.4 0.3 25.6 
7.45 0.05 7.18 0.08 19.4 0.4 19.0 
6.61 0.04 6.46 0.19 23.0 0.5 21.4 
4.76 0.05 4.73 0.05 24.3 0.9 24.1 

7.20 0.07 7.70 0.1 I 11.2 0.1 10.6 
4.56 0.06 4.58 0.05 
4.1 I 0.05 4.1 1 0.06 
3.41 0.04 3.45 0.03 
3.18 0.03 3.18 0.04 
2.93 0.04 2.88 0.04 
2.76 0.04 2.75 0.05 

- _ _  
- - _  
- _ -  
- _ -  

- - _  
- _ _  

0.5 
0.9 
0.3 
0.7 
1.1 

0.4 
0.5 
0.4 
0.5 
0.8 
0.7 

0.5 
0.5 
0.6 
0.6 

1 .o 
- 
- 
- 
- 
- 
- 

A + X  64.48 68.34 

Table 21. Chromosome measurements of 5 female and 5 male cells of Herpestespulverulentus 

Chromo- Absolute length Relative length Centromeric index 
some 

Female Male Female Male Female Male 

Mean S.e. Mean S.e. Mean S.e. Mean S.e Mean S.e. Mean S.e. 

ml 4.23 0.04 4.07 0.13 6.58 0.05 6.56 0.07 46.1 0.5 46.0 0.4 
XI 3.16 0.06 3.10 0.11 4.92 0.05 5.00 0.05 43.0 0.7 42.7 0.9 
m2 2.96 0.05 2.85 0.06 4.61 0.08 4.60 0.04 46.6 0.4 47.0 0.6 
m3 2.48 0.02 2.44 0.05 3.86 0.02 3.94 0.07 40.7 0.5 41.4 0.5 
m4 1.98 0.03 1.94 0.04 3.08 0.04 3.14 0.07 42.9 0.5 40.7 0.7 

sm I 
sm2 
sm3 
sm4 
sm5 
sm6 
sm7 
sm8 

4.04 0.06 3.90 0.12 6.29 
3.94 0.05 3.72 0.12 6. I3 
3.67 0.04 3.58 0.10 5.71 
3.06 0.05 2.87 0.08 4.76 
2.47 0.02 2.45 0.05 3.85 
2.42 0.04 2.27 0.07 3.77 
2.23 0.03 2.12 0.05 3.47 
1.97 0.03 1.83 0.02 3.07 

0.05 
0.03 
0.04 
0.04 
0.05 
0.04 
0.04 
0.05 

6.29 0.10 37.1 0.5 37.7 0.4 
5.99 0.06 26.4 0.5 27.3 0.5 
5.77 0.07 32.2 0.4 32.4 0.5 
4.63 0.05 25.8 0.5 25.9 0.8 
3.96 0.06 37.7 0.6 36.8 0.6 
3.66 0.04 31.0 0.8 31.0 0.6 
3.42 0.05 28.7 0.8 32.2 0.5 
2.96 0.07 34.5 0.6 35.0 1.0 

S t  I 4.87 0.08 4.73 0.17 7.58 0.1 I 7.62 0.12 24.0 0.5 24.0 0.4 
st2 4.28 0.06 4.17 0.1 I 6.66 0.07 6.73 0.08 16.8 0.4 19.7 0.7 
x2 4.01 0.08 3.80 0.11 6.24 0.08 6.14 0.05 21.0 0.5 20.6 0.8 
st 3 3.56 0.06 3.45 0.14 5.54 0.08 5.55 0.09 23.9 0.3 24.8 0.7 
st4 3.37 0.06 3.39 0.10 5.25 0.09 5.47 0.08 21.7 0.7 21.1 0.8 
st5 3.36 0.04 3.09 0.08 5.23 0.04 4.99 0.08 18.1 0.6 20.1 0.6 
st6 2.19 0.04 2.23 0.07 3.41 0.06 3.59 0.04 22.8 0.6 25.2 0.6 

- 6.54 0.14 - - 12.3 0.6 Y 4.06 0.21 - 

A + X  64.25 62.00 

_ ~ 
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Table 22. Chromosome measurements of 5 female and 5 male cells of Herpestes auropunctatus 

Chromo- Absolute length Relative length Centromeric index 
some 

Female Male Female Male Female Male 

Mean S.e. Mean S.e. Mean S.e. Mean S.e. Mean S.e. Mean S.e. 

ml 
m2 
XI 
m3 
m4 
m5 

sm 1 
sm2 
sm3 
sm4 
sn15 
sm6 
sm7 

st 1 
st2 
st3 
st4 

XZ 
Y 

A + X  

5.04 0.15 3.98 0.12 7.22 0.10 
4.78 0.11 3.82 0.13 6.86 0.06 
3.43 0.07 2.86 0.13 4.92 0.05 
3.21 0.05 2.63 0.08 4.61 0.04 
2.85 0.08 2.29 0.08 4.09 0.07 
2.62 0.05 2.02 0.08 3.76 0.05 

5.25 0.12 4.28 0.11 7.53 0.10 
4.38 0.07 3.54 0.09 6.29 0.07 
4.19 0.10 3.49 0.11 6.01 0.05 
4.13 0.09 3.42 0.1 1 5.93 0.05 
2.77 0.04 2.38 0.07 3.98 0.04 
2.66 0.04 2.19 0.06 3.82 0.04 
2.16 0.04 1.78 0.05 3.10 0.05 

5.53 0.15 4.48 0.12 7.93 0.09 
4.70 0.09 3.81 0.11 6.75 0.09 
4.10 0.07 3.31 0.10 5.89 0.07 
3.55 0.11 2.77 0.08 5.09 0.09 

4.33 0.09 3.64 0.17 6.21 0.06 
3.48 0.14 ~ 

- - 

69.68 56.69 

7.02 0.06 40.2 0.6 39.9 0.4 
6.73 0.10 46.0 0.5 47.0 0.4 
5.04 0.03 44.8 0.5 44.7 0.6 
4.64 0.08 45.5 0.7 45.2 0.4 
4.03 0.07 40.3 0.4 41.1 1.0 
3.56 0.09 45.4 0.6 42.4 0.9 

7.55 0.08 36.8 0.3 36.7 0.5 
6.25 0.09 25.3 0.5 24.8 0.5 
6.15 0.06 32.9 0.4 33.2 0.6 
6.03 0.05 30.7 0.3 29.5 0.7 
4.20 0.05 36.5 0.7 37.0 0.4 
3.87 0.06 33.1 0.5 30.5 0.6 
3.14 0.0s 34.7 0.7 33.7 0.9 

7.91 0.10 24.2 0.4 22.4 0.4 
6.72 0.06 13.8 0.6 12.6 0.5 
5.84 0.07 24.1 0.5 23.3 0.6 
4.89 0.05 23.9 0.6 22.7 0.7 

6.42 0.09 11.8 0.5 11.7 1.3 
6.15 0.14 - - 2.9 0.1 

Hereditas 71, 1972 
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Table 24. Chromosome measurements of 5 female and 5 male cells of Herpestes fuscus 

Chromo- Absolute length Relative length Centromeric index 
some 

Female Male Female Male Female Male 

Mean S.e. Mean S.e. Mean S.e. Mean S.e. Mean S.e. Mean S.e. 

ml  4.54 0.16 4.57 0.08 7.35 0.10 7.20 0.05 41.2 0.6 40.0 0.4 
m2 4.20 0.14 4.42 0.10 6.80 0.08 6.96 0.12 46.8 0.8 46.4 0.4 
XI 3.14 0.09 3.18 0.10 5.09 0.04 5.01 0.10 43.3 0.4 44.6 0.7 
m3 2.87 0.12 3.02 0.06 4.64 0.06 4.76 0.05 45.7 0.5 45.7 0.4 
m4 2.53 0.09 2.58 0.07 4.09 0.06 4.06 0.10 40.3 0.5 40.3 0.4 
m5 2.20 0.08 2.23 0.04 3.56 0.07 3.52 0.07 44.6 0.6 43.0 0.7 

sm 1 4.98 0.16 5.14 0.11 8.07 0.07 8.09 0.11 24.7 0.3 25.6 0.6 
sm2 4.62 0.14 4.87 0.16 7.49 0.07 7.65 0.12 37.9 0.4 36.7 0.5 
sm3 3.80 0.13 3.95 0.06 6.15 0.07 6.22 0.07 34.5 0.4 34.5 0.4 
sm4 3.77 0.13 3.96 0.07 6.10 0.08 6.24 0.05 26.2 0.5 26.5 0.4 
sm5 3.69 0.11 3.70 0.07 5.98 0.05 5.83 0.06 31.8 0.4 30.3 0.6 
sm6 2.53 0.08 2.54 0.03 4.10 0.05 4.01 0.08 36.8 0.5 36.2 0.6 
sm7 2.34 0.07 2.48 0.07 3.79 0.04 3.90 0.07 31.6 0.9 32.7 0.7 
sm8 1.91 0.06 2.02 0.04 3.10 0.06 3.18 0.05 37.2 0.4 35.7 0.7 

st I 4.26 0.12 4.32 0.11 6.91 0.06 6.79 0.07 13.8 0.2 13.5 0.5 
st2 3.63 0.13 3.64 0.09 5.87 0.06 5.73 0.09 25.4 0.5 23.9 0.5 
st3 2.94 0.08 3.04 0.05 4.77 0.06 4.79 0.05 24.9 0.6 24.7 0.5 

- 6.20 0.15 - 6.0 0.9 Y 
XZ 3.81 0.14 3.86 0.16 6.16 0.08 6.07 0.10 12.9 0.4 11.0 0.7 

A i X  61.76 63.52 

~ - _  3.94 0.15 - 

Table 25. Chromosome measurements of 5 female and 5 male cells of Herpestes brachyurus 

Chromo- 
some 

Absolute length Relative length Centromeric index 

Female Male 

Mean S.e. Mean S.e. 

Female Male Female Male 

Mean S.e. Mean S.e. Mean S.e. Mean S.e. 

m l  
m2 
XI 
m3 
m4 
m5 
m6 

sm 1 
sm2 
sm3 
sm4 
sm5 
sm6 
sm7 

St 1 
st2 
st3 
st4 

A + X  

5.45 0.12 4.91 0.06 
4.88 0.1 I 4.49 0.05 
3.68 0.08 3.42 0.10 
3.33 0.08 3.08 0.03 
2.84 0.12 2.65 0.03 
2.44 0.07 2.22 0.02 
2.38 0.07 2.18 0.02 

5.63 0.16 5.19 0.08 
4.68 0.12 4.05 0.05 
4.54 0.13 4.13 0.06 
4.34 0.1 I 4.07 0.04 
3.59 0.09 3.39 0.03 
3.10 0.11 2.76 0.04 
2.85 0.07 2.61 0.03 

5.66 0.13 5.26 0.08 
4.92 0.12 4.68 0.06 
4.74 0.12 4.41 0.05 
4.30 0.10 3.94 0.05 

73.35 67.44 

7.44 0.1 I 
6.66 0.08 
5.02 0.08 
4.54 0.06 
3.87 0.12 
3.33 0.07 
3.24 0.05 

7.28 0.09 
6.66 0.05 
5.07 0.09 
4.57 0.04 
3.93 0.04 
3.29 0.05 
3.23 0.04 

7.67 0.10 7.69 0.07 
6.38 0.11 6.01 0.06 
6.18 0.07 6.12 0.06 
5.92 0.07 6.04 0.05 
4.90 0.07 5.03 0.05 
4.22 0.07 4.09 0.04 
3.89 0.08 3.87 0.04 

7.72 0.05 7.80 0.09 
6.70 0.07 6.94 0.07 
6.46 0.05 6.54 0.08 
5.86 0.06 5.84 0.06 

41.5 0.3 
45.7 0.4 
44.2 0.7 
45.4 0.6 
43.1 1.1 
38.9 0.8 
43.8 0.5 

36.2 0.7 
37.8 0.7 
26.6 0.8 
31.8 0.7 
26.2 0.6 
35.3 0.7 
34.0 0.6 

23.7 0.5 
16.6 0.6 
15.6 0.4 
24.0 0.3 

41.3 0.5 
46.8 0.4 
45.0 0.9 
45.2 0.8 
40.7 0.5 
39.2 0.5 
42.3 0.9 

36.6 0.4 
34.6 0.4 
27.4 0.3 
31.0 0.5 
26.5 0.6 
36.2 0.6 
34.1 0.8 

24.5 0.6 
17.5 0.8 
15.9 0.5 
25.9 0.4 



Table 26. Chromosome measurements of 5 female and 5 male cells of Helogaleparvula 

Chromo- 
some 

ml  
m2 
X 
m3 
m4 
m5 
Y 

Absolute length Relative length Centromeric index 

Female Male Female Male Female Male 

Mean S.e. Mean S.e. Mean S.e. Mean S.e Mean S.e. Mean S.e. 

5.01 0.08 
4.73 0.08 
3.49 0.04 
3.34 0.06 
2.90 0.04 
2.27 0.04 

4.72 0.10 
4.54 0.10 
3.30 0.08 
3.03 0.06 
2.68 0.07 
2.05 0.03 
0.94 0.02 

7.16 0.09 
6.76 0.07 
4.99 0.06 
4.77 0.05 
4.15 0.05 
3.25 0.04 

7.27 0.07 
6.99 0.06 
5.09 0.05 
4.67 0.07 
4.13 0.08 
3.16 0.06 
1.45 0.06 

39.0 0.4 
48.0 0.4 
44.4 0.8 
45.8 0.6 
40.3 0.8 
39.7 0.9 

40.5 0.6 
47.3 0.4 
44.3 0.8 
44.9 0.9 
40.3 0.5 
42.9 0.7 
44.7 1.6 

sm I 5.43 0.12 4.91 0.09 7.75 0.09 7.57 0.09 36.1 0.3 36.0 0.3 
sm2 4.42 0.07 4.16 0.1 I 6.32 0.06 6.40 0.08 27.2 0.4 26.7 0.4 
sm3 4.28 0.09 3.90 0.09 6.12 0.10 6.00 0.07 31.5 0.4 30.8 0.7 
sm4 4.10 0.07 3.89 0.08 5.86 0.07 5.99 0.06 34.1 0.3 34.0 0.4 
sm5 2.85 0.06 2.70 0.03 4.07 0.06 4.16 0.04 35.8 0.7 37.0 0.9 
sm6 2.60 0.04 2.37 0.03 3.72 0.04 3.65 0.04 30.4 0.5 30.8 0.6 
sm7 2.22 0.03 2.01 0.04 3.18 0.05 3.10 0.05 34.7 0.6 33.3 0.8 

St I 5.57 0.12 5.22 0.13 7.96 0.10 8.04 0.10 23.9 0.4 23.9 0.5 
st2 4.70 0.09 4.39 0.08 6.72 0.09 6.76 0.04 14.3 0.5 12.5 0.3 
st3 4.52 0.07 4.10 0.05 6.46 0.08 6.33 0.07 18.6 0.4 16.8 0.6 
st4 4.16 0.08 3.79 0.08 5.94 0.06 5.84 0.05 24.8 0.3 23.0 0.4 
st5 3.37 0.05 3.14 0.05 4.82 0.08 4.84 0.06 24.7 0.5 23.6 0.5 

A + X  69.96 64.90 

Table 27. Chromosome measurements of 5 female and 5 male cells of Mungos mungo 

Chromo- Absolute length Relative length Centromeric index 
some 

Female Male Female Male Female Male 

Mean S.e. Mean S.e. Mean S.e Mean S.e Mean S.e. Mean S.e. 

m l  
m2 
X 
m3 
m4 
m5 
Y 

>m I 
sm2 
sm3 
sm4 
sm5 
sm6 
sm7 

st I 
st2 
st3 
st4 
st5 

A + X  

4.37 0.11 4.79 0.17 7.20 0.06 7.24 0.06 40.3 0.5 40.6 0.3 
4.16 0.09 4.52 0.19 6.86 0.07 6.82 0.06 47.4 0.4 47.4 0.5 
3.07 0.05 3.26 0.13 5.07 0.06 4.94 0.11 43.4 0.7 44.3 1.0 
2.85 0.05 3.08 0.14 4.70 0.04 4.64 0.06 46.0 0.5 45.9 0.9 
2.41 0.05 2.60 0.10 3.98 0.04 3.93 0.04 41.1 0.6 40.5 0.5 
1.89 0.03 2.00 0.08 3.13 0.06 3.02 0.05 39.6 0.8 40.5 0.8 

0.96 0.04 - - 1.46 0.04 - - 45.8 1.1 

4.58 0.09 5.10 0.17 7.56 0.06 7.72 0.07 36.5 1.0 36.4 0.4 
3.92 0.08 4.31 0.16 6.47 0.08 6.51 0.07 28.4 0.5 27.1 0.4 
3.65 0.07 4.02 0.18 6.03 0.06 6.06 0.09 30.4 0.4 30.4 0.3 
3.61 0.10 3.97 0.17 5.95 0.09 5.99 0.09 32.7 0.3 32.6 0.6 
2.43 0.04 2.67 0.12 4.01 0.06 4.03 0.08 36.6 0.7 36.1 1.0 
2.19 0.04 2.33 0.10 3.62 0.04 3.52 0.04 31.1 0.6 31.9 0.7 
1.90 0.03 2.05 0.07 3.14 0.05 3.11 0.08 34.7 0.5 35.0 0.5 

4.91 0.13 5.44 0.21 8.10 0.12 8.22 0.05 22.4 0.5 21.7 0.4 
4.37 0.10 4.73 0.20 7.21 0.08 7.14 0.07 13.3 0.9 12.9 0.3 
3.85 0.07 4.20 0.16 6.36 0.07 6.34 0.06 18.7 0.2 16.9 0.4 
3.54 0.06 3.91 0.12 5.84 0.04 5.92 0.06 24.6 0.4 23.5 0.4 
2.90 0.07 3.21 0.10 4.78 0.05 4.86 0.05 24.5 0.5 24.0 0.4 

- _  

60.60 66.19 
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Table 28. Chromosome measurements of 5 female and 5 male cells of Cynictispenicillata 

Chromo- Absolute length Relative length Centromeric index 
some 

Female Male Female Male Female Male 

Mean S.e. Mean S.e. Mean S.e. Mean S.e. Mean S.e. Mean S.e. 

ml 
m2 
m3 
X 
m4 
m5 
m6 
ni 7 
m8 
m9 
Y 

sm I 
sm2 
sm3 
sm4 
sm5 
sm6 
sm7 

St I 

A + X  

4.66 0.17 4.67 0.14 7.03 
4.25 0.15 4.31 0.12 6.42 
3.91 0.13 4.13 0.08 5.91 
3.30 0.07 3.28 0.14 5.01 
2.98 0.11 2.99 0.05 4.50 
2.79 0.09 2.79 0.05 4.22 
2.70 0.10 2.67 0.05 4.08 
2.55 0.06 2.58 0.07 3.86 
2.42 0.07 2.41 0.06 3.66 
2.29 0.05 2.19 0.05 3.47 

1.28 0.02 ~ 

~- 

0.08 
0.09 
0.09 
0.09 
0.05 
0.03 
0.06 
0.06 
0.06 
0.06 
- 

7.00 0.09 40.2 0.5 40.5 0.5 
6.46 0.06 48.0 0.4 47.6 0.3 
6.20 0.08 36.9 0.5 38.8 0.6 
4.92 0.12 42.7 0.4 44.0 1.0 
4.49 0.08 46.3 0.5 46.5 0.4 
4.22 0.07 42.4 0.8 42.3 0.6 
4.02 0.11 40.7 0.6 40.7 1.3 
3.87 0.06 40.5 0.8 39.0 0.9 
3.62 0.08 45.8 0.7 44.8 0.5 
3.29 0.06 44.5 0.5 42.4 1.0 
1.93 0.07 ~ - 46.9 0.8 

5.10 0.19 5.29 0.18 7.70 0.08 7.92 0.14 27.4 0.6 27.1 0.6 
4.86 0.22 4.81 0.12 7.32 0.1 1 7.21 0.09 36.9 0.5 36.2 0.6 
4.43 0.20 4.53 0.12 6.67 0.14 6.79 0.06 24.6 0.8 27.0 0.5 
4.38 0.18 4.19 0.12 6.60 0.1 1 6.27 0.06 31.7 0.7 32.1 0.7 
3.97 0.13 4.00 0.08 6.00 0.06 6.00 0.06 33.1 0.5 34.6 0.6 
3.85 0.14 4.05 0.09 5.81 0.05 6.07 0.04 28.9 0.5 28.2 0.6 
3.35 0.09 3.30 0.07 5.07 0.08 4.95 0.06 30.2 0.8 29.4 0.8 

4.43 0.19 4.49 0.12 6.68 0.12 6.73 0.09 20.0 1.0 17.3 1.0 

66.22 66.68 
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