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Abstract. The chromosomes of three species (Octodontomys gliroides, Octodon degus 
and Ctenomys talarum) of octodontid hystricomorph rodents are compared. - -  The 
diploid numbers are 38, 58 and 48 respectively. No polymorphic chromosomes were 
noted in the specimens available. The sex chromosomes are heteromorphic and 
pair end to end in meiosis. - -  The karyotypes are compared on the basis of the 
extreme specialisation of the habitat of the three species. The asymmetric karyo- 
type of Octodontomys can be compared more readily with that of a Ctenomys 
ancestor than with that of its present-day relative, Octodon. 

Introduction 

There  is a considerable  d ive r s i ty  of opinion on the  exac t  groupings  of 
species and  families of the  roden t  suborder  Hystricomorpha (s. l. : Simp- 
son, 1945). A l though  E l l e rman  (1940), S impson (1945) and  Cabrera  
(1957-1961) consider  t h a t  the  tuco- tueos  are a d is t inc t  family ,  the  
Ctenomyidae, Pascua l  et al. (1965) place  t hem as a subfami ly  (Ctenomyinae) 
of the  fami ly  Octodontidae. I n  the  genus Ctenomys the  d iploid  chromo- 
some number  ranges  f rom 22 to 68 (Kib l i sky  and  Reig,  1966) and  the  
usefulness of these chromosome d a t a  for analysis  of the  sys temat ics  and  
evolut ion  of this  genus has  been discussed b y  Reig and K i b l i s k y  
(1969). The  chromosomes of the  degu (Octodon degus: subfami ly  
Oetodontinae of Pascua l  et al., 1965 or f ami ly  Octodontidae of mos t  
au thors)  have  been discussed b y  Ferns  (1968). I n  1970 three  spec- 
imens of the  chozchoz (Oetodontomys gliroides), a monotyp ie  genus, 
were obta ined.  As far  as we are  aware,  no repor t s  on the  chromosomes of 
a n y  o ther  oc todont ids  have  been publ ished.  

The  k a r y o t y p e  of the  chozchoz was therefore  e luc ida ted  and  compared  
wi th  t h a t  of the  degu (Oetodon degus) and  the  tuco- tuco  (Ctenomys 
talarum) f rom the  colonies ma in t a ined  a t  the  I n s t i t u t e  (Weir, 1970; 
Wise  et al., 1968). We will refer to  all three  species as octodont ids .  

Materials  and Methods 

The identification of specimens was determined from study of the literature 
and matching of skulls against the type specimens in the British Museum (Natural 
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History) of London. The type specimen came from Potosi, Bolivia (Thomas, 
1902) but our chozchoris were caught 4km N.E. of Humahuaca, Province of 
Jujuy, Argentina. Our animals conformed to the details of Octodontomys given in 
the literature and a prepared skull matched the type specimen (2.2.2.2.) in the 
British Museum. 

The degu were derived from the colony at the Institute de Medicina, Santiago 
de Chile and are of tile same stock as that studied by Ferns (1968), Skull 
preparations confirm that the species is Octodc~ degus. 

The tuco4uco were caught 20 km S.E. Magdalena, Province of Buenos Aires, 
Argentina. This was about 4 km from the area where Reig and Kiblisky (1969) 
obtained their specimens. 

Blood was removed from one male and two female chozchoris by a retrobulbar 
technique (Riley, 1960) under halothane anaesthesia. No more than 300 bcl were 
removed at any one time from each animal. The blood sample was prepared according 
to the technique described by Hungefford (1965) and the air-dried slides were 
stained in lacte-propionic orcein and mounted in Euparal. Few metaphase plates 
with countable chromosomes were found, but these were well spread. 

When the male chozchoz was killed a preparation of seminiferous tubules was 
made according to the method of Meredith (1969). The best results were obtained 
with tissue kept at room temperature for 15 minutes in 1% hypotonic sodium 
citrate. Several good metaphase plates and meioses were found. 

Micropreparations of blood were made by the method described above from 
10 male and 10 female Octodon degus. Meiotic metaphases were obtained from testis 
preparations from four animals. 

Meiotic and mitotic plates from the testes of two Ctenomys talarum were 
studied, and bone marrow squashes were prepared from one of them using the 
technique described by Tjio and Whang (1962) and Ford (1966). 

During analysis of the chromosomes the position of the centromere was esti- 
mated by a modification of the method described by Levan et at. (1964) and used 
by Reig and Kiblisky (1969) for Ctenomys. No differentiation was made between 
acroeentrics and telocentrics. The nombre /ondamental, NF (Matthey, 1945), was 
calculated by counting each arm of the metacentrie, submetacentric and subacro- 
centric chromosomes and only the one arm of acrocentrics. 

Results 

Octodontomys yliroides 
Mitosis. Metaphase plates (Fig. 1) from two male and two female 

chozchoris were counted in 90 cells. In  77 the count was 38 and in 8 the 
count was 37. The remaining cells had 36 and 35 and were probably 
short of chromosomes as a result of the comparatively violent spreading 
technique. We conclude that 2n --38 in Octodontomys gliroides. 

The chromosomes are grouped as three pairs of long, each forming 
more t h a n  9% of the tota l  haploid length of the karyotype,  three 
pairs of medium length (between 5.5% and  9%), nine pairs of small 
(between 2.0 and 5.5 % ) and  three pairs of microchromosomes (less t han  

2.0%). 
1Vfetacentric and  submetacentr ic  chromosomes represent  60 % of the 

karyotype,  the rest  is composed of acrocentrics and  subacrocentrics 
(Fig. 3). The N F  for Octodontomys was 68. 
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Fig. 1. A metaphase spread of a female Octodontomys gliroides. The satellited 
chromosome pair 12 can be clearly seen (arrowed). (Leucocyte, lactopropionic 
oreein stain.) The inset at upper right shows a member of chromosome 12 (left) 

and the Y-chromosome (right) from a male O. gliroides 
Fig. 2. A meiotic spread from a male O. gliroides. (Testis squash, lactopropionic 

orcein stain) 

The X-chromosome (the sixth largest) is a medium metacentric chro- 
mosome forming 6 % of the total haploid length. The Y-chromosome is 
a submetacentric small chromosome (Fig. 1). Autosome pairs 1 and 2 
arc very long (14% and 12% of the total haploid length respectively) 
and they stand out from the rest of the karyotype. Chromosome 1 is 
metaccntric and chromosome 2 is subaerocentric. The remaining pair (3) 
of long subacroeentric chromosomes is marginally bigger than the follow- 
ing three pairs of medium metacentric and submetaeentries. The small 
chromosomes are made up of five pairs of indistinguishable metaeentries 
and four pairs of acrocentric, or just subacroeentric, chromosomes. The 
longest of these acrocentrics (pair 12) bears a well marked secondary 
constriction on its long arm. 

The karyotype of Octodontomys (Fig. 3) is strikingly asymmetrical, 
or heterogeneous, both in contrast of chromosome sizes and ha the distri- 
bution of metaeentrics and acroeentries. 

Meiosis. From the testis preparations there were 65 good meiotic 
metaphascs (Fig. 2). Four of these were multiple, giving counts of from 
69 to 76 bivalents. I t  was difficult to tell whether these were poly- 
ploid cells or a fusion of the chromosomes of two neighbouring spermato- 
eytes that  were dividing synchronously. Forty-nine of the dividing sper- 
matocytes contained 19 bivalents and in the remainder, the number 
varied from 17 to 18. There seems no reason to doubt that  n ~19 ,  
which confirms the estimate for the diploid number of 38. 
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~'ig. 3. Idiogram of a male Octodontomys gliroides. Chromosome lengths are expressed 
as percentages of the whole female set, and chromosomes are arranged in pair order 
but only one member of each pair is represented. X and Y are the sex chromo- 

somes 

Chromosome pair 1 had four or five chiasmata along its length in 
all the cells studied. The remaining long pairs varied from cell to cell 
in having two, three or sometimes four chiasmata. The average number  
of chiasmata per bivalent was 1.8 but,  owing to the low chromosome 
number,  the recombination index was only 53. This is a low figure 
compared with some other hystr ieomorphs studied (George and Weir, 
in preparation) but  m a y  be near average for other mammals  (Ford, 
1969). 

Octodon degus 

Mitosis. The karyotypes  from the metaphase plates studied confirmed 
those of Fernandez (1968). The diploid number  is 2n  = 5 8 .  

We found tha t  the major i ty  of chromosomes were small metacentrics.  
There was only one medium-sized autosomc which was submetacentr ic  
and formed about  6% of the total  haploid length. There were no acro- 
centrics and only three pairs of subacrocentrics. Ferns (1968) found 
six pairs of subacrocentrics but  it seems unlikely tha t  this is a significant 
difference. Such discrepancies result from differences of interpretation,  or 
of individual measurements,  but  these are impor tant ,  only for est imation 
of the N F  of a ka ryo typc  (see Discussion). I t  was confirmed t h a t  one 
pah' of small acrocentrics has secondary constrictions or satellites. The 
X-chromosome is a medium metacentric.  The Y-chromosome is submeta- 
centric and in all our male degus we found it to be smaller than  the 
Y-chromosome reported by  Fernandez (1968). The calculated N F  of 
Octodon degus was 116. 
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Fig. 4. A meiotic spread from Octodon degus. (Testis squash, lactopropionic orcein 
stain) 

Fig. 5. A meiotic spread from Ctenomys talarum. (Testis squash, lactopropionic 
orcein stain) 

Meiosis. The meiotic metaphase plates, like those described by Fer- 
nandez (1968), show that the X- and Y-chromosomes pair end to end 
in the usual rodent formation and that the majority of bivalents have 
either one or two chiasmata (Fig. 4). The average chiasmata per bivalent 
of 1.6 gave a comparatively high recombination index of 73. 

Ctenontys  ta larunt  

Mitosis. The results confirmed the detailed work of lgeig and Kiblisky 
(1969) in that  2n =48.  Our calculated NF was 78. 

Meiosis. Reig and Kiblisky (1969) do not report on meiosis in 
Ctenomys and, therefore, in addition to comparing a few metaphase plates 
with those of Oetodontomys we studied some meiotic chromosomes. The 
X- and Y-chromosomes pair end to end (Fig. 5). The majority of bi- 
valents have only one chiasma so that  the average number per chromo- 
some pair is 1.4 and the recombination index averages 57. 

Discussion 

At first glance the chromosomes of Oetodontomys gliroicles (Table 1) 
show no obvious resemblance to those of other octodontids. The diploid 
number of 38 is comparatively low, though not outside the range found 
by l~eig and Kiblisky (1969) for Ctenomys species (C. maffellanicus has 
2n ~36 ,  and C. oeeultus has 2n~22) .  

The NF varies considerably among octodontids, and one of the diffi- 
culties in comparing this value in different species and genera is that  
observers calculate it in different ways. 
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Matthey (1966) gave a subjective definition for the position of the centromere 
in suggesting that a chromosome is metacentric if the swellings on the end of the 
short arms are of the same size as the swellings on the ends of the long arms. 
Anything shorter than this, or without swellings, is acrocentric. Levan et al. (1964) 
gave a quantitative method for assessing the position of the centromere. The 
application of their method tended to increase the estimated number of sub- 
acrocentrics (subtelocentrics in their terminology) since they classed a chromosome 
as subtelocentric when the arm ratio was 3 to 7. Wurster and Benirschke (1968) 
assessed their NF as twice the sum of the metacentrics and submetacentrics, plus 
the sum of the subacrocentries and the acrocentrics, plus the X-chromosomes. 
Clearly the NF calculated in this way will depend on whether the centromere 
position is determined according to Matthey (1966) or to LevanetaI. (1964). 
Wurster and Benirschke (1968) seem to have preferred to follow the suggestions 
of Matthey (1966). 

In the present study, a method based on that of Levan et al. (1964) has been 
used because it is quantitative and has been used in descriptions of the chromo- 
somes of some other hystricomorphs (Reig and Kiblisky, 1969; Ferns 
1968). We simplified the method by allocating the chromosomes into four cate- 
gories: metacentric, submetacentric, subacrocentric and acrocentric. In this way the 
conventional method of estimating NF by grouping metacentrics, submetacentrics 
and subaerocentrics together and considering the acrocentrics as a separate group 
is more closely followed. Difficulties of measurement further complicate the problem 
and it is probably true to say that the NF of a group of animals is only useful 
within the confines of one author's calculations. 

Our calculations give an  N F  of 68 for Octodontomys gliroides compared 
with 78 for Ctenomys talargm (for which Rcig and  Kibl isky,  1969, 
calculate 89). Octodon degus has an  N F  of 116, well out  of the range of 
the other two species. 

I n  almost  all the Ctenomys species studied by  Reig and  Kibl i sky  
(1969) a pair  of small  autosomes with secondary constrict ions or satellites 
was found. We also found these chromosomes in  Octodontomys, where 
they  are small acroeentrics. I n  Ctenomys they  are main ly  metaeentr ic  or 
submetacentr ie ,  bu t  sometimes appear  as small  acrocentrics. They  are 
also found in  Octodon degus, as a pair  of small submetacent r ic  or sub- 
aerocentric chromosomes. I n  all instances the secondary constr ict ion is in  
the long a rm or the chromosome and  is on the proximal  half of the 
long a rm or near  the centre ,  thus producing a comparat ively  long 
satellite. This is in  marked contrast  to the chinchfllids (Nes, 1963; 
George and  Weir, unpubl ished)  bu t  similar to Proechimys guairae (George 
and  Weir, unpubl ished)  and  Geocapromys brownii (George and Weir, 
1972). 

Using the convent ion  of deriving karyotypes  from animals  with a 
similar NIP, we a t t empted  to equate  the  karyotype  of Octodontomys 
(NF = 68) with those of Ctenomys talarum (NF = 78) and  C. minutus (NF 
--78).  I n  Octodontomys there are n ine  pairs of chromosomes smaller t h a n  
the markers  and  eight pairs larger; in  Ctenomys talarum there are eight 
smaller pairs and  four teen larger pairs. 
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In  both genera, five pairs of the smaller chromosomes are meta- 
eentries or submetaeentrics and can be equated. The others are sub- 
acrocentrics and, if a small chromosome is borrowed from the other side 
of the marker in Ctenomys, four acroeentrics can be equated. 

This leaves six pairs of metaeentric or submetacentrics and two pairs 
of subacroeentries in Octodontomys and one pair of submetaeentries and 
twelve pairs of subacrocentries and aeroeentries in Ctenomys talarum. By 
a process of fusion the twelve pairs of sub- and acrocentries could be 
converted into the six metacentric and submetaeentries of Ctenomys 
talarum. Perieentrie inversions and translocations would adjust the details. 

This does not necessarily infer tha t  Octodontomys is a derivative of 
Ctenomys but  suggests a possible relationship between the two groups, 
many  species of Ctenomys showing a comparatively high number of 
acroeentrie chromosomes and Octodontomys having fewer, longer and more 
heterogenous chromosomes. Reig and Kiblisky (1969) have shown tha t  
the same sort of possibilities exist within the genus Ctenomys. 

Whatever  level of taxon grouping has been used, it has always been 
agreed that  Octodon and Octodontomys are more closely related to each other 
than either is to Ctenomys. And yet the chromosome relationship between 
Octodon and Octoclontomys is obscure. Fif ty  of the chromosomes in the 
karyotype of Octoclon degus are metaeentric or submetacentrie and there 
are only 6 subaerocentries. The gentle grading in size from long chromo- 
somes to short gives a very homogeneous karyotype.  The derivation of 
the patterns of Octodontomys gliroides and Octodon degus from tha t  of a 
common ancestor would require many  complicated tandem fusions; 
further discussion is pointless until information on other species of oeto- 
dontids becomes available. 

I t  is interesting tha t  Ferns (1968) remarks on the large size of 
the Y-chromosome in Octodon degus and contrasts it with the more usual 
very small Y-chromosome of hystricomorphs such as Chinchilla laniger 
(Nes, 1903) and species of Cavia (Cohen and Pinsky, 1966 ; Watson et al., 
1966). The length of 2.0% of the total  haploid length found for the 
Y-chromosome in the present study conforms more closely to the range 
found in other hystrieomorphs. I t  is unlikely that  our degus were a 
different species from those of Ferns (1968), since they were derived 
from the same colony; we can offer no explanation of this discrepancy, 
although it may  be significant that  Reig and Kiblisky (1969) found 
considerable differences in the relative sizes of the Y-chromosome in 
different species of Ctenomys. 

All the octodontid species occupy small areas, probably because they 
are closely tied to their ecological niches. Thus, many  species of Ctenomys 
are isolated by their burrowing habit  and this has allowed the build- 
up of divergent karyotypes (geig and Kiblisky, 1969). The ehozchoz 
lives in a speeialised habitat  at  high altitude (3100 m above sea level) 
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in an area  of cactus  and  acacia  only (personal  obse rva t ion :  B. J .  Weir) .  
The h a b i t a t s  of the  other  species have  no t  been seen b y  us bu t  the  repor ts  
in the  l i t e ra tu re  ind ica te  t h a t  t h e y  are  equa l ly  specialised. 

The heterogeneous  k a r y o t y p e  of O. gliroides suggests a long sequence 
of specia l isa t ion (Stebbins ,  1971). L inkage  groups have  been bui l t  up  to  
give the  th ree  pairs  of surpr is ingly  long chromosomes.  The high ra te  
of occurrence of ch ia sma ta  does no t  compensa te  for the  small  number  
of l inkage groups  and  the  resul t ing  r ecombina t ion  index  of 53 is low for 
a hys t r i comorph .  The  r ecombina t ion  index of Ctenomy8 (57) is also 
low compared  wi th  o ther  hys t r i comorphs ,  inc luding Octodon degus (73). 

The increasing a m o u n t  of in fo rmat ion  avai lab le  for roden t  k a r y o t y p e s  
shows considerable  d ive r s i ty  wi th in  a genus and  even wi th in  species 
(Ford  et al., 1957 ; W a h r m a n  et al., 1969 ; Thaeler ,  1968) so t h a t  wi thou t  
a full unde r s t and ing  of al l  the  species in a genus, k a r y o t y p e  compar ison  
provides  l i t t le  help in e luc ida t ing  re la t ionships  be tween h ighly  special ised 
genera.  The chromosomes of the  three  oc todont ids  s tud ied  here are h ighly  
special ised and  the  species appea r  to differ g rea t ly  in the  ways  in which 
t hey  manage  the  gross mechanics  of thei r  he r e d i t a ry  mechanism.  

The  k a r y o t y p e  of Octodontomys suggests  more  af f in i ty  wi th  t h a t  of 
Ctenomys t h a n  with  Octodon b u t  p rovides  no help in es tabl ishing fur ther  
relat ionships.  

Ac/cnowledgement. We thank Dr. I. W. Rowlands for his encouragement and the 
M.I~.C. Population Genetics Unit, Oxford for technical assistance. The degu were 
the gift of Prof. Iglesias of Santiago, Chile, and the expedition to catch the 
chozchoris and tuco-tucos was financed by the Wellcome Trust. The laboratory 
work was supported by the Ford Foundation. 

Re~erences 

Cabrera, A. : Catalogo de los Mamiferos de America del Sur. Rev. Mus. Art. C. 
Nat. "B. P~ivadavia" (Zool.) 4, 1-732 (1957-1961). 

Cohen, M. M., Pinsky, L. : Autosomal polymorphism via a translocation in the guinea- 
pig Cavia porcellua. Cytogenetics 5, 120-124 (1966). 

Ellerman, J. R. : The families and genera of living rodents. Vol. I. Rodents other 
than Muridae. Brit. ~us.  (Natural History) London, 1 689 (1940). 

Ferns R. E.: E1 cariotipo del Octodon degus (Rodentia-Octodontidae) (Molina 
1782). Arch. Biol. Med. exp. 5, 33-37 (1968). 

Ford, C. E.: The use of chromosome markers. In: Tissue grafting and radiation 
(H. S. Micklem and J. F. Loutit, eds.). New York: Academic Press 1966. 

Ford, C. E. : Meiosis in mammals. In: Comparative mammalian cytogenetics (K. Be- 
nirschke, ed.). Berlin-Heidelberg-New York: Springer 1969. 

Ford, C. E., ttamerton, J. L., Sharman, G. S.: Chromosome polymorphism in the 
common shrew. Nature (Loud.) 189, 392-393 (1957). 

George, W., Weir, B. J . :  A record chromosome number in a mammal ? Nature 
(Loud.) (in press, 1972). 

Hungerford, D. A.: Leukocytes cultured from small inocula of whole blood and 
the preparation of metaphase chromosomes by treatment with hypotonic KCI. 
Stain Technol. 40, 333-338 (1965). 



62 W. George and B. J. Weir: Chromosomes of Octodontids 

Kiblisky, P., Reig, O.A.: Variation in chromosome number within the genus 
Ctenomys and description of the male karyotype of Ctenomys talarum talarum 
Thomas. Nature (Lond.) 212, 436438 (1966). 

Levan, A., Fredga, K., Sandberg, A. A. : Nomenclature for centromeric position on 
chromosomes. Hereditas (Lund.) 52, 210-220 (1964). 

Matthey, R. : L'6volution de la formule chromosomiale ehez les vert6br6s. Experi- 
entia (Basel) 1, 50-56, 78-86 (1945). 

Matthey, R.: Cytog6n6tique et taxonomique des rats appartenant au sous-genre 
Mastomys Thomas (Rodentia, Muridae). Mammalia (Paris) 80, 105-119 (1966). 

Meredith, R. : A simple method for preparing meiotic chromosomes from mamma- 
lian testis. Chromosoma (Berl.) 26, 254-258 (1969). 

Nes, N. : The chromosomes of Chinchilla lanigera. Aeta vet. scand. 4, 128-135 (1963). 
Pascual, R., Pisano, J., Ortega, E. J.: Un nuevo Octodontidae (Rodentia, Cavio- 

morpha) de la formaci6n Epeeuen (Plioceno Medio) de Hidalgo (Provineia de la 
Pampa). Consideraeiones sobre los Ctenomyinae Reig, 1958, y la morfologia 
de sus molariformes. Ameghiniana 4, 19-30 (1965). 

Reig, O.A., Kiblisky, P.: Chromosome multiformity in the Genus Ctenomys 
(Rodentia, Octodontidae). A progress report. Chromosoma (Berl.) 28, 211-244 
(1969). 

Riley, V.: Adaption of orbital bleeding technique to rapid serial blood studies. 
Proe. Soe. exp. Biol. (N.Y.) 104, 751-754 (1960). 

Simpson, G. G. : The principles of classification and a classification of mammals. 
Bull. Amer. Mus. Nat. Hist. 85, 1-350 (1945). 

Stebbins, G. L. : Chromosomal evolution in higher plants. London: Edward Arnold 
1971. 

Thaeler, C. S. :/(aryotypes of sixteen populations of the Thomomys talpoides com- 
plex of pocket gophers (Rodentia, Geomyidae). Chromosoma (Berl.) 25, 172-183 
(1968). 

Thomas, 0.: On two new genera of rodents from the highlands of Bolivia. Proc. 
Zool. Soe. Lond. 1, 114-115 (1902). 

Tjio, J. H., Whang, J.: Chromosome preparations of bone marrow cells without 
prior in vitro culture or in vivo colchicine administration. Stain Teehnol. 87, 
17-20 (1962). 

Wahrman, J., Goitein, R., Nevo, E.: Geographic variation of chromosome forms 
in Spalax, a subterranean mammal of restricted mobility. In: Comparative 
mammalian cytogenetics (K. Benirschke, ed.), p. 30-48. Berlin-Heidelberg- 
New York: Springer 1969. 

Watson, E. D., Blumenthal, H. T., Hutton, W. E. : A method for the culture of 
leucocytes of the guinea-pig Cavia cobaya with karyotype analysis. Cytogeneties 
5, 179-185 (1966). 

Weir, B. J. : The management and breeding of some more laboratory hystrico- 
morph rodents. Lab. Anim. 4, 83-97 (1970). 

Wise, P. It., Weir, B. J., Hime, J. M., Forrest, E. : Implications of hyperglycaemia 
and cataract in a colony of tuco-tueos (Ctenomys talarum). Nature (Lond.) 219, 
1374-1376 (1968). 

Wurster, D. H., Bernisehke, K. : Comparative cytogenetie studies in the order Car- 
nivora. Chromosoma (Berl.) 24, 336-382 (1968). 

Dr. Barbara Weir 
Wellcome Institute of Comparative Physiology 
The Zoological Society of London 
Regent's Park 
London NW1 4Ru 
England 


