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Chelonoidis chilensis is an endangered tortoise that inhabits arid regions in Argentina, Bolivia and Paraguay. Blood samples 
were obtained from wild specimens from the Argentinan distribution range together with samples from specimens of known 
morphotype but unknown provenance. Cytogenetic analysis using Giemsa staining showed that the diploid chromosome 
complement was 2n=52 for all twenty-five tortoises analysed. Two different karyomorphs, termed A and B, were identified, 
with a karyotypic formulae of 7:5:14 and 6:5:15, respectively. G-band analysis suggests that karyomorph B may originate 
from a chromosomal fission event involving chromosome pair 7 of karyomorph A. In addition, all specimens analysed using 
Fluorescence In Situ Hybridisation (FISH) with a telomeric probe showed telomeric signals only at the terminal regions of 
chromosomes. This evidence suggests that the karyotype of C. chilensis does not have telocentric chromosomes, and that 
interstitial telomeric sequences have not played a major role during the recent chromosomal evolution of this species. Our 
data agree with recent molecular evidence supporting the existence of one instead several species for the C. chilensis complex. 
Our data further suggest a possible correlation between chromosomal variation and geographical distribution: karyomorph 
A is present in tortoises from the Dry Chaco Eco-region, whereas karyomorph B characterises tortoises living in the Monte of 
Steps and Plains Eco-region. Morphology appears to vary independently of cytomorph variation.  

Key words: Chelonoidis chilensis, cryptodira, Fluorescence In Situ hybridisation (FISH), karyotypic evolution, testudines

INTRODUCTION

Living South American tortoises of the family 
Testudinidae are represented by four species 

belonging to a single genus, Chelonoidis (Fritz & Havaš, 
2007): Chelonoidis carbonaria, C. chilensis (both present 
in the Argentine Dry Chaco Eco-region, the latter also in 
the Monte of Steps and Plains Eco-region, Cabrera, 1998), 
C. denticulata and C. nigra. Chelonoidis chilensis is the 
most abundant tortoise from Argentina, with 95% of its 
range occurring in this country. Nevertheless C. chilensis 
is currently included in the Appendix II of the Convention 
on International Trade of Endangered Species of Wild 
Fauna and Flora (CITES), and is considered Vulnerable 
by the IUCN (2012), and by national assessments 
(Prado et al., 2012). Two main factors put C. chilensis 
populations at risk: multipurpose extraction (mostly 
tortoises commercialised as pets) and habitat loss due to 
agricultural expansion. Until recently, up to three species 
were considered within the C. chilensis complex: C. 
chilensis, C. donosobarrosi and C. petersi, distinguished 
from each other by carapacial design (Cei, 1986; Fig. 1). 
The three species of the C. chilensis complex were however 
subsequently reduced to two species (Fernández, 1988; 
Cabrera, 1998; Richard, 1999; Chébez, 2008). More 

recently, Fritz et al. (2012) found no significant genetic 
differences between the three morphs of the C. chilensis 
complex, and proposed C. chilensis as valid species with 
C. donosobarrosi and C. petersi as junior synonyms. 

In reptiles, chromosomal analysis is a very useful tool 
for species recognition (Chevalier et al., 1979; Reed et al., 
1991; Machado Pellegrino et al., 1994; Kupriyanova et 
al., 2006). However, contrary to the widespread used in 
other groups (Chevalier et al., 1979; Machado Pellegrino 
et al., 1994; Rico Medeiros et al., 2013), chromosomal 
characters are rarely employed in both phylogenetic and 
phylogeographic studies within chelonians (Caccone et 
al., 1999, 2002; Le et al., 2006; Vargas-Ramírez et al., 
2008). Regarding C. chilensis, Bickham & Carr (1983) 
describe the chromosome number of the species using 
conventional staining techniques on metaphase samples 
from specimens from unknown localities, and Martínez et 
al. (2009) describe the karyotype of two specimens from 
the southern part of the species range (donosobarrosi 
morph). In the present study, we describe chromosomal 
variation across the range of C. chilensis in Argentina. 
We support the conclusion that the taxon comprises a 
single species (Fritz et al., 2012), and discuss the role of 
chromosomes during evolution. 
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MATERIALS AND METHODS

Blood samples from 17 captive and 8 wild specimens 
of C. chilensis were extracted from the dorsal coccy-
geal vein using a heparinised sterile syringe. Samples 
were arranged according to geographic provenance 
(wild tortoises only), sex, and phenotype (all cases). 
Phenotypes were categorised considering the three 
species of Freiberg (1973) as morphs of a single species, 
C. chilensis: “chilensis”, “donosobarrosi” and “petersi” 
(Fig. 2). In addition, we considered two intermediate 
morphs (Fig. 3), termed here “donosobarrosi-chilensis” 

and “chilensis-petersi”. Sex was determined based on 
presence / absence of plastral concavity, as suggested by 
Freiberg (1973, Table 1).

Blood samples from captive tortoises were obtained 
from the Zoo of Mendoza province (n=9) and private pets 
(n=8) from La Plata (Buenos Aires province). Argentine 
Eco-regions were considered following Burkart et al. 
(1999). Samples from wild specimens were collected at 
Monte of Steps and Plains Eco-region (n=5); Chelforó, Río 
Negro province (n=1); Talampaya National Park, La Rioja 
province (n=2); northeastern part of the Salinas Grandes, 
Catamarca province (n=2); Dry Chaco Eco-region (n=3): 
San Martin, Catamarca province (n=1); Reserva Natural 
Formosa National Park, Formosa province (n=1); and 

Fig. 1. Map of Argentina (excluding the southern part 
of Patagonia) showing the two Eco-regions at which 
Chelonoidis chilensis is mainly found (brown: Monte 
of Steps and Plains; green: Dry Chaco). Black dots 
represent locations for the donosobarrosi morph; white 
dots indicate locations for the chilensis morph; red 
dots indicate locations for the petersi morph. Colour 
combinations represent the intermediate morphs (white 
- red dots: chilensis - petersi morph; black - white dots: 
donosobarrosi - chilensis morph). The distribution of 
the morphs is based on field observations and literature 
(Freiberg, 1973; Cabrera 1998 for the donosobarrosi 
morph; Richard 1999 for the chilensis and donosobarrosi 
morphs from Mendoza). Locations for which we have 
obtained blood cultures for kariology: 1) Reserva Natural 
Formosa National Park; 2) Comandante Fontana; 3) San 
Martin; 4) northeastern part of the Salinas Grandes; 5) 
Talampaya National Park; 6) Chelforó. Abbreviations 
of the provinces at which the species is present: BA, 
Buenos Aires; CA, Catamarca; CH, Chaco; CHU, Chubut; 
CO, Córdoba; F, Formosa; J, Jujuy; LP, La Pampa; LR, La 
Rioja; M, Mendoza; N, Neuquén; RN, Rio Negro; S, Salta; 
SE, Santiago del Estero; SF, Santa Fe; SJ, San Juan; SL, San 
Luis; T, Tucumán.  

Fig. 2. Dorsal (left side) and ventral (right side) of the 
carapacial design characteristic of each of the three 
morphs as they are appreciated in adult specimens of 
Chelonoidis chilensis: (A) chilensis; (B) donosobarrosi; (C) 
petersi. It is important to remark that recently hatched 
and juvenile specimens lack the typical design of each 
morph, a feature that is acquired with age.
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Comandante Fontana, Formosa province (n=1, Table 1, 
Fig. 1).  

Whole blood (0.5–1.0 ml) was cultured following 
Ulsh et al. (2001). Six hours before har vesting, 10 μg/
ml of colchicine was added to each culture flask. Cells 
were collected and processed using standard methods, 
including hypotonic solution (water/culture medium 
3:1, 75 min at 28°C) and methanol/acetic acid (3:1) 
fixative. Routine karyotypic analysis was performed to 
preparations stained with 5% Giemsa solution. The 
diploid modal number of chromosomes (2n) was 
calculated from the observation of 5–10 metaphases 
per specimen in Giemsa -stained slides. Metaphase 
cells were photographed using a Nikon Eclipse 50i 
microscope mounted by a Nikon DN-100 digital 
camera, and karyotypes were constructed using Adobe 
Photoshop CS® software. The nomenclature used for 
karyotypic construction follows Bickham (1975), and the
chromosome morphology was established according to 
Levan et al. (1964). Blood samples of ten captive tortoises 
(Mendoza Zoo) and two wild specimens (Salinas Grandes 
- Catamarca and Reserva Formosa - Formosa) were 
processed for G  banding according the protocol of Ezaz 
et al. (2005). 

The Fluorescence In Situ Hybridisation (FISH) technique 
using Cy3 -conjugated peptide nucleic acid (PNA) pan-
telomeric probe (i.e., which identifies all telomeres in 
the chromosomes of a metaphase cell) was employed to 
analyse the distribution of telomeric sequences (TTAGGG)
n of the chromosomes. Six samples from captive tortoises 

were analysed. PNA-FISH was performed following the 
instructions provided by the supplier (DAKO Corporation, 
CA, USA). Signals were observed using a Nikon Eclipse 50i 
epifluo rescence microscope equipped with a HBO 100 
W mercury lamp and filters for DAPI and Cy3 (Chroma 
Technology, USA). A Nikon DN-100 digital camera was 
used for pho tography. Images were processed using 
Adobe Photoshop CS® software.

RESULTS

Giemsa preparations showed that the diploid 
chromosome complement of 25 tortoises we analysed 
was 2n=52. We were able to identify two different 
karyomorphs, termed A and B. Karyomorph A presented 
a karyotypic formula of 7:5:14 (metacentrics:acrocentrics 
or telocentrics:microchromosomes),  whereas 
karyomorph B exhibited a karyotypic formula of 6:5:15 
(Fig. 4A and 4B, respectively). Morphological analysis 
of the karyotype revealed three different groups of 
chromosomes for each karyomorph. Within karyomorph 
A, Group A consisted of seven pairs of large to medium 
size metacentric macrochromosomes; Group B 
presented five pairs of medium size macrochromosomes 
(pairs 1 and 2 acrocentrics; and pairs 3, 4 and 5 are strict 
telocentrics), and Group C was characterised by fourteen 
pairs of microchromosomes (Fig. 4A). In karyomorph B, 
only Group B was identical to karyomorph A. Group A 
consisted of six pairs of large to medium size metacentric 
macrochromosomes, whereas Group C presented fifteen 

Specimen Sex Locality / Eco-region Karyomorph / Morph

CAPTIVE SPECIMENS
1 F Family houses - Buenos Aires A / chilensis - petersi
2 F A / chilensis
3 M A / donosobarrosi - chilensis
4 F A / donosobarrosi - chilensis
5 F A / chilensis
6 F A / donosobarrosi – chilensis
7 F A / donosobarrosi - chilensis 
8 M A / chilensis
9 F Mendoza Zoo B / donosobarrosi
10 M A /  donosobarrosi - chilensis
11 F A / donosobarrosi - chilensis
12 ? B / donosobarrosi
13 F B / donosobarrosi
14 F B / donosobarrosi - chilensis
15 M A / donosobarrosi
16 ? A / chilensis
17 F A / chilensis
WILD SPECIMENS
18 M Reserva Natural Formosa/DC A / petersi
19 M Comandante Fontana/DC A / chilensis - petersi
20 M San Martin/DC A / chilensis
21 F Salinas grandes/MSP A / donosobarrosi - chilensis
22 F B / donosobarrosi - chilensis
23 ? Talampaya/MSP B / chilensis
24 M B / chilensis
25 F Chelforó/MSP B / donosobarrosi

Table 1. Samples of Chelonoidis chilensis included in the present study indicating sex, locality, eco-region, karyomorph, 
and morph of each specimen. DC, dry chaco; F, female; M, male; MSP, monte of steps and plains.
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pairs of microchromosomes (Fig. 4B). Therefore, the 
karyotype of C. chilensis consisted of 12 (karyomorph 
A) or 11 (karyomorph B) pairs of macrochromosomes 
and 14 (karyomorph A) or 15 (karyomorph B) pairs 
of microchromosomes. Because of the size of the 
microchromosomes, their centromeres could not be 
accurately detected.

Interestingly, karyomorph A was present in three 
wild tortoises from the Dry Chaco Eco-region, with the 
three individuals represent one typical chilensis morph 
(San Martin, Catamarca) and two morphs which could be 
either assigned to petersi (Reserva Formosa NP, Formosa) 
or the intermediate  chilensis-petersi (Comandante 
Fontana, Formosa). Karyomorph B also characterised the 
five wild tortoises from the Monte of Steps and Plains 
Eco-region (Río Negro, La Rioja and Catamarca provinces) 
independent of their morph (chilensis, donosobarrosi, 
and the intermediate donosobarrosi - chilensis; Table 1).

Due to the small size of microchromosomes, the 
G-banding pattern could only be determined for 
macrochromsomes and a few pairs of microchromosomes 
only. Both karyomorphs (A and B) have similar banding 
patterns that differ in at least a single chromosome 
rearrangement. The G-banding showed that the long 
arm of the seventh pair of  macrochromosomes from  
karyomorph A exhibited a pattern similar to the long arm 
of the first pair of microchromosomes of karyomorph 
B, which lack the G negative band present in the short 
arm of the former (Fig. 5). Such difference were found 
in both males and females. Thus, the additional pair 
of microchromosomes found in karyomorph B could 
be derived from a fission event involving the (macro)
chromosome pair 7 of karyomorph A. 

All chromosomes (karyomorphs A and B) showed four 
telomeric signals, two at each end (Fig. 6A and B). No 
interstitial telomeric signals were revealed using PNA-
FISH. Contrary to the information obtained using non-
banded karyotypes, the FISH technique revealed that C. 
chilensis lacks telocentric chromosomes.

For the captive tortoises, karyomorph A corresponded 
to the chilensis or donosobarrosi morphs, and to the 
intermediate morphs donosobarrosi-chilensis and 
chilensis-petersi. The four captive tortoises displayed 
karyomorph B correspond to the donosobarrosi morph 
and to the intermediate morph donosobarrosi-chilensis. 

Fig. 3. Dorsal (left side) and ventral (right side) of the 
carapacial design of intermediate morphs of adults of 
Chelonoidis chilensis: (A) donosobarrosi - chilensis; (B) 
chilensis - petersi. 

Fig. 4. Non-banded karyotypes of a male (A) and female (B) specimens of Chelonoidis chilensis (2n=52). (A) = karyomorph 
A; (B) = karyomorph B. A, B and C correspond to the different chromosome groups (metacentric, submetacentric or 
acrocentric, and microchromosomes, respectively).

A

B

A B
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DISCUSSION
We confirm the diploid number of 2n=52 previously 
reported for Chelonoidis (Forbes, 1966; Sampaio et al., 
1971; Goldstein & Lin, 1972; Bickham, 1976; Benirschke 
et al., 1976; Bickham & Baker, 1976; Dowler & Bickham, 
1982; Bickham and Carr, 1983; Martinez et al. 2009). 
However, we report the first evidence for chromosomal 
variation within C. chilensis, with the karyotype 
consisting of 12 (karyomorph A) or 11 (karyomorph B) 
pairs of macrochromosomes and 14 (karyomorph A) or 
15 (karyomorph B) pairs of microchromosomes. 

G-banding revealed that the karyomorphs of C. chilensis 
differ in at least one chromosome rearrangement. This 
is likely due to a fission event involving chromosome 

pair 7 of karyomorph A, with subsequent fusion of 
these fragments with other chromosomes. The fact that 
such rearrangement occurs in both sexes indicates that 
sexual dimorphism is not expressed at chromosome 
level. The cytogenetic analysis employed in the present 
work allowed us to identify differences in karyotype 
organisation, but did not allow us to determine the 
rearrangement that generated variants A and B. 
Chelonians usually have low variability in chromosome 
number, morphology and G-banding patterns (Olmo, 
2005, 2008), and Chelonoidis is one of the few chelonian 
genera with demonstrated intrageneric chromosomal 
variation (Bickham & Baker, 1976). In C. carbonaria and 
C. denticulata karyotypic variation corresponds to clearly 
defined species (Farías et al., 2007; Vargas-Ramírez 

Fig. 6. Location of the telomeric sequence (TTAGGG)n in a metaphase spread of a female specimen of Chelonoidis 
chilensis after hybridisation with a Cy3-labeled PNA telomeric probe. The chro mosomes were counterstained with 
DAPI. (A) PNA-FISH plus DAPI-stained metaphase; (B) DAPI-stained metaphase.

Fig. 5. G-banded karyotypes of a male (A) and female (B) specimens of Chelonoidis chilensis. (A) = karyomorph A; (B) = 
karyomorph B. Scale bar represents 5 um. Arrows indicate the chromosome pair 7 of karyomorph A and the first pair 
of microchromosomes in karyomorph B

A B

A B
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et al., 2010), but the variable phenotypes described 
for C. chilensis are not concordant with cytochrome b 
(Fritz et al., 2012) and chromosomal variation.  A more 
comprehensive study is required to determine whether 
the two karyomorphs for example represent ancestral 
populations which inhabited the Monte of Steps and 
Plains and the Dry Chaco, and whether they may have led 
to the standing morphological variation. It is noteworthy 
that the two karyomorphs were differentially distributed 
across the study area (karyomorph A in Dry Chaco, 
and karyomorph B in Monte of Steps and Plains), but 
were unlinked with morphs. We consider our data to 
be consistent with recent DNA analysis supporting the 
existence of only one species for the C. chilensis complex 
(Fritz et al. 2012). 

Martinez et al. (2009) suggested that interstitial 
telomeric sequences have played no role in the 
chromosomal evolution of C. chilensis. While we 
found no evidence for interstitial telomeric sequences, 
additional evidence is required for general conclusions 
for chelonians. We do not exclude the possibility that 
interstitial telomeric sequences and chromo some 
fusions not involving telomeric sequences (Nanda et al., 
1995; Slijepcevic, 1998) might have played a role in the 
karyotypic evolution of other Testudines. Alternatively, 
the absence of interstitial telomeric sequences in C. 
chilensis may be due to a loss of telomeric repeats during 
chromosomal evolution, or low copy numbers which 
remained undetected by PNA-FISH. 
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