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Fossorial rodents of the genus Ctenomys

are widespread in southern South America,

from 17° to 54° S (Cabrera 1961; Reig et al.

1990). The genus comprises 60 recognized

species originated by an explosive specia-

tion process, promoted mainly by chromo-

somal rearrangements (Bidau et al. 1996).

At present, systematic relationships among
species of Ctenomys are poorly known and/

or controversial.

Thomas (1902) cited the species C. bergi for

the NW of Cördoba province, Argentina,

being Cruz del Eje the type locality. On
the basis of geographic criteria, all the po-

pulations from the north of that province

were included in that species (Bidau et al.

1996).

Chromosomal studies revealed that indivi-

duals from the NE of Cördoba have a di-

ploid number 2 n = 52 (PN = 66) but those

proceeding from the NW (Sahnas Grandes)

presented a karyotype of 2 n = 48 (FN = 90)

(Reig et al. 1990). This last form was as-

signed to C bergi and the former was de-

scribed as a new species and denominated

C rosendopasciiali (Contreras 1995).

Several authors have emphasized the im-

portance of the application of biochemical

and molecular methods in order to confirm

and clarify the taxonomic Status of different

karyotypic forms of Ctenomys (Bidau et al.

1996; Mascheretti et al. 2000). The aim of

this study is to analyze the allozymic poly-

morphism in two populations of Ctenomys

from the north of Cördoba, Argentina as-

signed to C. bergi and C. rosendopasciiali,

in Order to determine their level of differen-

tiation at structural loci.

Fourteen specimens of C bergi from Las

Toscas (30°11' S, 64°54' W, near an extense

Salt mine called Sahnas Grandes) and 16 in-

dividuals of C rosendopascualis obtained in

the proximity of the mouth of Xanaes river

(Mar Chiquita saline lagoon, 30°55' S

62°44' W) were used in this study.

Animals were killed by ether anesthesia, H-

ver and kidneys removed immediately and

preserved at -30 °C until used. Homoge-
nates, vertical starch gel electrophoresis and

staining procedures were carried out as de-

scribed by Gardenal et al. (1980) and Gar-

denal and Blanco (1985). The following

enzymes were analyzed (loci scored and

E. C. numbers in parenthesis): liver and kid-

ney acid Phosphatase (AcpL-1, AcpL-2,

AcpK-3, AcpK-4; 3.1.3.2), aspartate amino-

transferase (Aat-1, Aat-2; 2.6.1.1), liver so-

luble esterases (Es-1l to Es-6l; 3.1.1.1), cat-

alase (Cat; 1.11.1.6), phosphoglucomutase

(Pgm-1, Pgm-2; 2.7.5.1), leucine aminopepti-
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dase (Lap-1, Lap-2; 3.4.11.1), malic enzyme

(Me; 1.1.1.40), lactate dehydrogenase (Ldh;

1.1.1.27), alcohol dehydrogenase (Adh;

1.1.1.1), glycerophosphate dehydrogenase

(Gpdh; 1.1.1.8), malate dehydrogenase

(Mdh-l,Mdh-2; 1.1.1.37), isocitrate dehydro-

genase (Idh-1, Idh-2; 1.1.1.42), 6-phospho-

gluconate dehydrogenase (6-Pgdh; 1.1.1.43)

and glucose-6-phosphate dehydrogenase

(G-6-pdh; 1.1.1.49).

The allele coding for the band migrating

fastest to the anode was assigned the num-

ber 100; that controlhng the fastest cathodic

band, -100. The other alleles were num-

bered according to their relative mobihty

from the origin. Bands with the same mobi-

hty were considered homologous.

Proportion of Polymorphie loci (95% and

99% criteria), mean observed and expected

heterozygosities, Rogers' genetic distance

(1972) and Nei's identity (1975) among po-

pulations were calculated using the program

Biosys-1 (SwoFFORD and Selander 1989).

Sixteen out of 27 loci analyzed were Poly-

morphie at least in one population. Table 1

shows allele frequencies, proportion of

Polymorphie loci (P), and observed and ex-

pected mean heterozygosity per locus (Hq

and He) for the two populations analyzed.

Locus G-6-pdh was the only one presenting

a different allele fixed in each population.

Although Crossing tests were not per-

formed, the genetic control of the electro-

phoretic patterns observed was postulated

on the basis of similar polymorphisms de-

scribed for other rodent Speeles where the

Mendelian transmission of variants has

been demonstrated (Gardenal and Blan-
co 1985; Gardenal et al. 1980; Garci'a and

Gardenal 1989). In all cases, the observed

genotypic frequencies did not differ signifi-

cantly from the expected ones according to

the Hardy-Weinberg equilibrium.

Rogers' genetic distance and similarity be-

tween the two Speeles was 0.094 and Nei's

distance and identity were 0.059 and 0.942.

respectively.

Levels of polymorphism revealed in this

study for C. bergi and C. rosendopascuali

are particularly high when compared with

those reported for other subterranean

mammals with low vagihty and socially-

structured mating System (Nevo et al.

1990). Values of heterozygosity obtained in

this study are higher than the mean referred

for fossorial rodents (H = 0.0311) and for

Table 1. ALleLe frequencies, proportion of poLymorphic

Loci (95% and 99% criteria) and observed and ex-

pected heterozygocity in Ctenomys bergi and Ctenomys

rosendopascuali Uovn Cördoba province (Argentina).

Locus Allele C. bergi C. rosendopascuali

Lap-2 100 1.000 0.929

88 0.000 0.071

AcpK-1 100 0.067 0.036

90 0.900 0.857

81 0.033 0.107

Adh -100 0.867 0.864

-50 0.133 0.136

Gpdh 100 1.000 0.923

60 0.000 0.077

Acpl-3 100 0.094 0.038

78 0.906 0.962

AcpL-4 100 0.031 0.000

71 0.969 1.000

Aat-1 100 0.000 0.0154

72 0.969 0.0846

20 0.031 0.000

Es-1 100 0.844 0.855

93 0.156 0.115

Es-2 100 0.563 0.731

94 0.438 0.269

Es-3 100 0.906 0.885

88 0.094 0.115

Es-4 100 0.000 0.077

89 0.656 0.615

85 0.344 0.308

Es-5 100 0.000 0.038

89 1.000 0.962

Es-6 100 0.813 0.269

77 0.188 0.731

Pgm-2 100 1.000 0.846

82 0.000 0.154

Me 100 0.063 0.000

89 0.938 1.000

G 6pdh 100 1.000 0.000

87 0.000 1.000

P (95%) 33.33 40.74

P (99%) 40.75 48.15

Ho (%) 10.1 12.8

(s.e.3) (s.e. 3.4)

He (%) 9.3 11.7

(s.e.2.8) (s.e. 2.9)
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several species of Ctenomys from Bolivia

(Cook and Yates 1994), and Chile (Gal-

LARDO and Palma 1992), albeit similar to

those obtained in 4 species from southern

Brazil (H from 0.11 to 0.17) (Moreira et al.

1991). When rapidly evolving loci as es-

terases are excluded. Hg falls to 0.041 in

C. bergi and to 0.067 in C. rosendopascuali.

However, they are still higher than the

mean obtained for fossorial rodents, most

of them calculated including esterases. Sage

et al. (1986) and Ortells and Barrantes

(1994) found lower levels of allozymic poly-

morphism in other species of Ctenomys

from Argentina. However, estimates were

made, in most cases, on the basis of 1 to 4

individuals, which could explain the results

obtained by those authors.

Genetic similarity between C. bergi and

C. rosendopascuali is within the ränge re-

ported for conspecific populations (King

1993). Notwithstanding, in locus G-6-pdh

allele '100' is fixed in C. bergi and allele

'87' has a frequency of 1 in C rosendopas-

cuali, indicating lack of gene exchange be-

tween the two forms.

Several cases of interspecific homogeneity

in allozymic frequencies have been re-

ported in Ctenomys. Gallardo and Palma

(1992) found very low levels of genetic dif-

ferentiation among Ctenomys species from

Chile, although being very dissimilar in

morphological characters and karyotype.

Moreira et al. (1991) reported an S value

of 0.91 between C. minutus and Ctenomys

sp. from southern Brazil, inhabiting regions

separated by 75 km and a wide river.

The genus Ctenomys is characterized by a

large karyotypic heterogeneity, being one

example of "explosive" speciation accom-

panied by scarce morphological changes

(BiDAU et al. 1996; Reig et al. 1990). Fixa-

tion of chromosomal re-arrangements

would be favored by the population struc-

ture characteristic of all species in the

genus: small, semi-isolated groups with low

vagility and continuous extinction, expan-

sion, and re-colonization in a variety of en-

vironments (Reig et al. 1990). The low ge-

netic distance between C. bergi and

C. rosendopascuali would be in agreement

with the hypothesis of a rapid speciation

by chromosomal re-arrangements, with al-

most no differentiation at structural loci, as

those coding for proteins.

On the basis of morphological, morpho-

metric, paleontological, karyological and

distributional data, Contreras and Bidau

(1999) have proposed a hypothesis on the

evolution of the complex genus Ctenomys.

C. bergi would be closely related to the

group designated "mendocinus", which

comprises several species with very similar

karyotypes that have originated from a

west-south radiation. C rosendopascuali

would integrale a separate lineage, the so

called "oriental" group, presenting less

Stahle diploid numbers and particular mor-

phological features such as sperm asymme-
try. However, Mascheretti et al. (2000),

on the basis of cytochrome b sequences,

found a very close relationship between

these two species, placing them in the same

molecular lineage. Our results would Sup-

port this last proposal.

Acknowledgements

We thank Dr. Antonio Blanco for advice and

critical revision of the manuscript. This work was

supported by a grant from the Consejo de Investi-

gaciones Cientificas y Tecnolögicas de la Provin-

cia de Cördoba (CONICOR). C.N.G. is a Career

Investigator of the Consejo Nacional de Investi-

gaciones Cientificas y Tecnicas (CONICET) of

Argentina.

References

Bidau, C. J.; Gimenez, M. D.; Contreras, J. R.

(1996): Especiaciön cromosömica y la conser-

vaciön de la variabilidad genetica: el caso del

genero Ctenomys (Rodentia, Caviomorpha,

Ctenomyidae). Mendeliana 12, 25-37.

Cabrera, A. (1961): Catälogo de los mamiferos

de America del Sur. Revista del Museo de

Ciencias Naturales. Serie Ciencias Zoolögicas,

Tomo 4, N° 2, pp. 551, Buenos Aires.

Contreras, J. R. (1995): Una nueva especie de

tuco-tuco procedente de la llanura cordobesa

nor-oriental, Repüblica Argentina (Rodentia,

Ctenomyidae). Nötulas Faum'sticas 86, 1-6.

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/



Protein poLymorphism in Ctenomys 311

CoNTRERAS, J. R.; BiDAU, C. J. (1999): Lineas gen-

erales del panorama evolutivo de los roedores

excavadores sudamericanos del genero Cte-

nomys (Mammalia, Rodentia, Caviomorpha:

Ctenomyidae). Ciencia Siglo XXI, N° 1,

pp. 1-22. Buenos Aires.

Cook,! A.; Yates, T. L. (1994): Systematic rela-

tionships of the bolivian tuco-tucos, genus

Ctenomys (Rodentia, Ctenomyidae). J. Mam-
malogy 75, 583-598.

Gallardo, M. H.; Palma, R. E. (1992): Intra-and

interspecific genetic variability in Ctenomys

(Rodentia: Ctenomyidae). Biochem. Syst.

Ecol. 20, 523-534.

Garcia, B. A.; Gardenal, C. N. (1989): Enzyme
polymorphism and inheritance of allozymic

variants in Calomys laucha. Com. Biol. 8, 1-10.

Gardenal, C. N.; Blanco, A. (1985): Polimorfis-

mo enzimätico en Calomys musculinus: Nue-

va estimaciön. Mendeliana 7, 3-12.

Gardenal, C. N.; Sabattini, M. S.; Blanco, A.

(1980): Enzyme polymorphism in a popula-

tion of Calomys musculinus (Rodentia, Crice-

tidae). Biochem. Genet. 18, 563-575.

King, M. (1993): Speeles Evolution, the Role of

Chromosome Change. Cambridge: University

Press.

Mascheretti, S.; Mirol, P. M.; Gimenez, M. D.;

BiDAU, C. J.; CoNTRERAS, J. R.; Searle, J. B.

(2000): Phylogenetics of the speciose and

chromosomally variable rodent genus Cte-

nomys (Ctenomyidae, Octodontoidea), based

on mitochondrial cytochrome b sequences.

Biol. J. Linn. Soc. 70, 361-376.

MoREiRA, D. M.; Franco, M. H.; Freitas, T. R. O.:

Weimer, T. A. (1991): Biochemical poh-

morphism and phenetic relationships in ro-

dents of the genus Ctenomys from Southern

Brazil. Biochem. Genet. 29, 601-615.

Nevo, E.; Filipucci, M. G.; Beiles, A. (1990): Ge-

netic diversity and its ecological correlates in

nature: Comparisons between subterranean,

fossorial and aboveground small mammals.

In: Evolution of Subterranean Mammals at

the Organismal and Molecular Levels. Ed. By
E. Nevo and O. A. Reig. New York: Alan R.

Liss. Pp. 347-366.

Nei, M. (1972). Genetic distance between popula-

tions. Am. Nat. 106, 283-292.

Ortells, M. O.; Barrantes, G. E. (1994): A study

of genetic distances and variability in several

Speeles of the genus Ctenomys (Rodentia,

Octodontidae) with special reference to a

probable causal role of chromosomes in spe-

ciation. Biol. J. Linn. Soc. 53, 189-208.

Reig, O. A.; Busch, C; Ortells, M. O; Contreras,

J. R. (1990): An overview of evolution, sys-

tematics, population biology, cytogenetics, mo-

lecular biology, and speciation in Ctenomys. In:

Evolution of Subterranean Mammals at the Or-

ganismal and Molecular Levels, Ed. By E. Nevo

and O. A. Reig. New York: Alan R. Liss.

Pp. 71-96.

Sage, R.; Contreras, J. R.; Roig, V.; Patton, J.

(1986): Genetic Variation in the South Ameri-

can burrowing rodents of the genus Ctenomys

(Rodentia, Ctenomyidae). Z. Säugetierkunde

51, 158-172.

SwoFFORD, D. L.; Selander, R.B. (1981): BIO-

SYS-1: a FORTRAN program for the com-

prehensive analysis of electrophoretic data in

population genetics and systematics. J. Hered.

72, 281-283.

Authors' addresses:

Andres Bortoluzzi, Mercedes Gutierrez, and

Jorge Baldo, Museo de Zoologia, Facultad de

Ciencias Exactas, Fi'sicas y Naturales, Universidad

Nacional de Cördoba, Av. Velez Särsfield 299,

5000 Cördoba. Argentina. Cristina N. Gardenal,

Cätedra de Quimica Biolögica, Facultad de Cien-

cias Medicas, Universidad Nacional de Cördoba,

Casilla de Correo 35, Sucursal 16, 5016 Cördoba,

Argentina

(e-mail: ngardenal@biomed.fcm.unc.edu. ar).

© Biodiversity Heritage Library, http://www.biodiversitylibrary.org/



ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Mammalian Biology (früher Zeitschrift für Säugetierkunde)

Jahr/Year: 2001

Band/Volume: 66

Autor(en)/Author(s): Bortoluzzi A., Gutierrez Mercedes, Baldo J., Gardenal
Cristina N.

Artikel/Article: Protein polymorphism in two species of Ctenomys (Rodentia,
Ctenomyidae) from Cördoba province, Argentina 308-311

https://www.zobodat.at/publikation_series.php?id=20750
https://www.zobodat.at/publikation_volumes.php?id=44979
https://www.zobodat.at/publikation_articles.php?id=252448



