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Abstract

Karyotypes of two recently described species of Ctenomys from northern Cérdoba province (Argenti-
na) were studied. C. osvaldoreigi is only known from the type locality in the high valleys of the Sierras
Grandes at more than 2000 m above sea level. The karyotype consists of 2n = 52 chromosomes with
FN =56 and includes 22 pairs of telocentric autosomes that decrease gradually in size, a pair of subtelo-
centric autosomes (n °8), two pairs of small metacentrics and a pair of sex chromosomes. Three popula-
tions from the northeastern plains of Cérdoba province (including one from the type locality) of
C. rosendopascuali were analyzed. All individuals were 2n = 52 but FNs of the three populations were
different. Individuals from Los Mistoles showed FN = 62 and the karyotype consists of a large subtelo-
centric autosomal pair, a medium-sized subtelocentric (n °8), twenty telocentric and three small meta-
centric pairs plus a pair of sex chromosomes. Candelaria specimens had FN = 64; the karyotype in-
cludes a second large subtelocentric pair which replaces a large telocentric, the remainder of the
complement being similar to Los Mistoles. A further large subtelocentric occurs in the Mar Chiquita
population, thus FN = 66; the remainder of the karyotype does not differ from the two other popula-
tions. In order to compare the new species to a known species of the same general geographical area,
four populations of C. bergi from northwestern Cérdoba were karyotyped. All specimens had 2n =48,
FN =90. The three karyotypes found in C. rosendopascuali are remarkably similar and obviously re-
lated to that of C. osvaldoreigi through relatively simple chromosomal rearrangements, which confirms
their morphological and molecular proximity.
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Introduction

The South American Octodontoidea are a remarkable group of mammals with respect to
their extraordinary karyotypic diversity. Diploid chromosome numbers range from
2n=10 in the Bolivian species Ctenomys steinbachi (Ctenomyidae) (ANDERSON et al.
1987; RUEDAS et al. 1993) to 2n = 102 in Tympanoctomys barrerae (Octodontidae) (Con-
TRERAS et al. 1990). Fundamental numbers (FN) also vary enormously (16-202). Most of
this chromosomal diversity is due to karyotypic variation within a single genus: Ctenomys
(Bipau et al. 1996; CoNTRERAS et al. 1990; GIMENEZ et al. 1997; OrTELLS 1995; ORTELLS et
al. 1990; REIG et al. 1990, 1992).

Ctenomys, with more than 60 extant species, is one of the best examples of “explo-
sive” speciation accompanied by extensive karyotype repatterning (BiDAU et al. 1996;
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REeic 1984, 1989; REIG et al. 1990). According to fossil data, the Ctenomys radiation is
thought to have occurred 1.8 MY ago (OrteLLS 1990; REIG et al. 1990). These evidences
strongly suggest that the main mode of speciation has been (and is) chromosomal. The
subterranean mode of life plus the populational characteristics of most of the species
(small deme size, low vagility) support the chromosomal speciation hypothesis (BIDAU et
al. 1996; King 1993).

In this study we investigate karyotypes of Ctenomys from northern Cérdoba province
(Argentina). The analyzed populations belong to two new biological species, C. rosendo-
pascuali and C. osvaldoreigi (CONTRERAS 1995 a, b). Our results are compared to previous
ones and discussed within the frame of a model for the evolution of the genus which in-
corporates molecular, morphological, and paleobiogeographical data.

Material and methods

This work is based on the individuals of Ctenomys indicated in table 1 and figure 1. All specimens were
deposited in the collection of the PROBBAS (CONICET, Corrientes, Argentina), with the following
catalogue numbers (sex in parentheses): C. rosendopascuali. Mar Chiquita: C-03363 (F), C-03364 (M).
Candelaria: C-03464 (M), C-03465 (F). Los Mistoles: C-03509 (M), C-03510 (F). C. osvaldoreigi. Estan-
cia San Luis (Sierras Grandes): C-03462 (F), C-03463 (F), C-03977 (F), C-03978 (F), C-03979 (F),
C-03980 (F). C. bergi. Cruz del Eje: C-03460 (M), C-03461 (M). Las Toscas: C-03506 (M). Salinas
Grandes: C-03507 (F). Guanaco Muerto: C-03508 (F).

Mitotic metaphases were obtained following two protocols: direct bone-marrow preparations ac-
cording to a modified version of Forp and HAMERTON’s (1956) technique, and short-term bone-marrow
in vitro culture (GIMENEZ and Bmau 1994). In the first case, bone marrow was incubated in 0.1 ml
0.05 % colchicine plus 9.9 ml 0.075 M KCI for 55 min at 37°C and subsequently fixed in 3:1 metha-
nol: glacial acetic acid. For short-term culture, the tissue was incubated in RPMI 1640 medium supple-
mented with 15 % foetal calf serum for 20.5 h at 37°C. A drop of 0.005 % colchicine was then added to
the culture, and 15 min later the cells were hypotonized in 0.075 M KCl and fixed in 3:1. Nondifferen-
tial chromosome staining was performed in phosphate buffered Giemsa (pH = 6.8). G- and C-banding
followed the protocols of SEABRIGHT (1971) and SUMNER (1972), respectively. NORs were stained ac-
cording to HoweLL and Brack (1980). Meiotic preparations for the observation of sperm morphology
were made by the technique of Evans et al. (1964).

Table 1. Localities, number and sex of the Ctenomys rosendopascuali, C. osvaldoreigi and C. bergi indi-
viduals studied.

Locality N° of specimens

Male Female

C. rosendopascuali Contreras, 1995

Mar Chiquita' (30°55 S-62°41' W) 1 1
Candelaria (29°49' S-63°21' W) 1 1
Los Mistoles (30°38' S-63°54' W) 1 1

C. osvaldoreigi Contreras, 1995
Estancia San Luis! (31°24' S-64°48' W) - 6

(Sierras Grandes)
C. bergi Thomas, 1902

Cruz del Eje' (30°44’ S-64°48' W) 1 1
Guanaco Muerto (30°27' S-65°01' W) - 1
Salinas Grandes (30°03' S-65°05" W) - 1

Las Toscas (30°08' S-64°53' W) 1 —

! Type localities
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Fig. 1. Geographic distribution of the populations of Ctenomys rosendopascuali, C. osvaldoreigi, and

C. bergi analyzed.
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Fig. 2. Karyotype of C. rosendopascuali from Mar Chiquita; a. Giemsa stained, b. G-banding, c. C-
banding. Bar = 10 um.
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Fig. 3. Karyotype of C. rosendopascuali from Candelaria; a. Giemsa stained, b. G-banding, c. C-band-
ing. Bar = 10 pm.
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Fig. 4. Karyotype of C. rosendopascuali from Los Mistoles; a. Giemsa stained, b. G-banding, c. C-band

ing. Bar =10 um. (Because of technical problems during the production process the second No. 8
chromosome in the third line from bottom is missing!)
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Results

C. rosendopascuali

The karyotype of the specimens from Mar Chiquita (the type locality) consists of 2n = 52
chromosomes: pairs 1 to 3 are large subtelocentric autosomes; pairs 4-7, 9-16, 18, 20-23,
and 25 are telocentric; the marker pair number 8 is subtelocentric. Pair 21 has an interstitial
secondary constriction that represents the single NOR. Pairs 17, 19, and 24 are three small
biarmed elements (Figs. 2, 3, 4). The X chromosome is metacentric and represents 7 % of
the haploid genome; the Y chromosome is metacentric and small (Fig. 2). FN is thus 66.

Heterochromatin distribution is para- or pericentromeric with prominent C-bands.
Pairs 1 to 3 show partially C-positive short arms (Fig. 2¢). Silver impregnation demon-
strated that the secondary constriction of pair 19 corresponds to an active interstitial
NOR (Fig. 6 a).

The chromosome complement of the animals from Candelaria is basically similar;
they are 2n = 52 but instead of 3 pairs of large subtelocentric autosomes only two occur,
thus, the FN is reduced to 64 (Fig. 3). A further reduction of the FN to 62 chromosome
arms occurs in the 2n = 52 individuals from Los Mistoles which otherwise have a similar
karyotype to Mar Chiquita and Candelaria (Fig. 4). Table 2 shows a comparison of rela-
tive lengths and centromeric indexes of the three karyotypes.

In the three samples, the distribution of heterochromatin in the autosomes and sex-
chromosomes was basically similar. The X-chromosome had a centromeric band while the
Y-chromosome showed a uniform intermediate staining. The large biarmed autosomes
showed positive C-banding in the pericentromeric region which extended partially to the
short arms while the remainder of the autosomes exhibited prominent C-bands in the para-
or pericentromeric regions (Figs. 2¢, 3 ¢, 4c). Sperm is of the simple asymmetric type.

Table 2. Relative length (RL) and centromeric index (CI) of the chromosomes of four analysed popu-
lations of Ctenomys from Cdrdoba. In parentheses, chromosome morphology according to the nomen-
clature of LEvAN et al. (1964)

C. rosendopascuali C. osvaldoreigi
Mar Chiquita Candelaria Los Mistoles Ea. San Luis
CN° RL ClI RL CI RL Cl RL Cl
1 9.05 22.56 9.94 20.87 10.56 21.87 11.23 0
£0.42 £0.69(st) £0.22 £1.38(st) £0.54  £0.68 (st) +0.20 (t)
2 6.77 28.36 7.67 20.68 6.55 0 6.99 0
+031 +0.64 (sm) £0.29 £1.46(st) £0.22 (1) +0.09 (t)
3 6.75 24.24 5.82 0 5.85 0 6.49 0
£0.32  £098(st) £0.11 (t) +0.09 t) +0.08 ()
4 5.33 0 5.67 0 5.70 0 6.16 0
+0.10 (v) +0.04 ®) +0.10 (1) +0.13 (t)
5 5.10 0 5.27 0 5.38 0 5.29 0
+0.10 (t) +0.12 (t) +0.15 ®) +0.23 (t)
6 4.28 0 4.59 0 4.80 0 4.68 0
+0.13 (1) +0.11 (t) +0.09 ®) +0.08 (t)
7 4.25 0 4.29 0 4.10 0 4.39 0
+0.10 (t) +0.08 (t) +0.13 ) +0.05 (1)

8 4.30 18.73 4.07 19.97 3.70 15.28 4.06 16.65

£0.29 £0.98(st) £0.06 +£1.05(st) £0.07 £0.33(st) +0.13  £1.16 (st)
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C. rosendopascuali C. osvaldoreigi
Mar Chiquita Candelaria Los Mistoles Ea. San Luis
CN°  RL CI RL CI RL Cl RL CI
9 3.95 0 3.92 0 3.63 0 4.04 0
+0.14 (t) +0.06 (1) +0.07 () +0.09 (t)
10 3.68 0 3.66 0 3.57 0 3.82 0
+0.10 (t) +0.05 ®) +0.07 (t) +0.09 (t)
11 3.47 0 3.47 0 3.52 0 3.69 0
+0.09 (t) +0.08 (1) +0.08 (t) +0.06 (t)
12 3.26 0 343 0 3.40 0 3.52 0
+0.14 (t) +0.07 ) +0.06 () +0.05 1)
13 3.26 0 3.28 0 3.31 0 3.19 0
+0.15 (t) +0.08 ® +0.05 (1) £0.10 (1)
14 3.14 0 3.24 0 3.28 0 3.04 0
+0.10 (t) +0.09 ® +0.04 (1) +0.11 ®)
15 3.13 0 311 0 3.12 0 2.94 0
+0.10 (t) +0.08 ® +0.06 (1) +0.08 ©)
16 2.87 0 2.95 0 2.99 0 2.85 41.85
+0.10 (t) +0.07 ® +0.07 () +023 £1.08 (m)
17 2.87 41.67 2.49 45.72 251 40.71 2.74 0
+0.06 £241(m) £012 £153(m) +014 £0.56(m) +0.05 (t)
18 2.79 0 2.67 0 2.80 0 2.44 45.00
+0.13 (t) +0.11 (t) +0.13 1) +0.10 £1.87 (m)
19 2.56 43.24 2.29 47.12 241 43.92 231 0
+0.06 £2.04(m) £015 +0.64(m) +011 =£1.56(m) +0.10 ()
20 2.52 0 2.36 0 2.55 0 2.17 0
+0.13 (1) +0.14 (t) +0.04 (t) +0.09 (t)
21 2.35 0 2.36 0 2.45 0 2.06 0
+0.12 (t) +0.10 (t) +0.09 ) +0.06 (t)
22 2.30 0 2.06 0 2.20 0 1.76 0
+0.11 ® +0.07 (t) +0.09 (t) +0.04 (t)
23 2.18 0 1.93 0 1.97 0 1.69 0
+0.12 (t) +0.07 (t) +0.02 ®) +0.05 ()
24 2.14 47.96 2.27 47.48 1.96 44.28 1.60 0
+0.06 £024(m) +0.13 £027(m) £0.09 £1.63(m) +0.08 (1)
25 2.00 0 1.50 0 1.55 0 1.36 0
£0.07 (t) +0.05 (t) +0.03 (t) +0.04 (1)
X 5.96 41.39 5.67 39.52 6.16 39.09 5.56 36.66
+049 £132(m) £019 +1.09(m) +£026 +0.85(m) +0.14 £1.85(sm)
Y 4.11 29.62 3.48 3252 3.73 3243 u *
+0.14 £225(sm) £0.26 £0.57(sm) £0.15 £0.67 (sm)

Notes: CN° = chromosome number. Relative length (RL) was calculated as the length percentage of
each chromosome pair per haploid complement. Centromeric Index (CI) was calculated according to
LEvaN et al. (1964) as Length of Short Armx100/Total Chromosome Length. Thus chromosomes are
classified as m if CI = 50-37.5, sm if CI = 37.5-25.0, st if CI = 25.0-12.5 and t if CI = 12.5-0. In all cases,
Standard Error is indicated. * No information is available on the Y chromosome of C. osvaldoreigi.
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Fig. 5. Karyotype of C. osvaldoreigi from Estancia San Luis; a. Giemsa stained, b. G-banding, c¢. C-
banding. Bar = 10 pm.
























