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Abstract: The tuco-tucos rodents (genus Ctenomys) of 
the Corrientes group comprise several populations that 
inhabit the vast area under the influence of the Iberá wet-
land. Lineage delimitation within the recently diverged 
Corrientes group is a challenging task as morphological 
differentiation is not conspicuous between populations. 
However, delimitation is crucial for evolutionary stud-
ies and conservation issues. In this study, we performed 
a phylogenetic analysis including cytochrome b (cyt-b) 
sequences from taxa that had never been studied in a 
comprehensive context. We integrated previously pub-
lished chromosomal studies, mitochondrial phylogenies 
and simple sequence repeat (SSR) variability analyses, 
and applied a delimitation criterion over the basis of chro-
mosomal incompatibilities and genetic exclusivity. Under 
this integrative approach seven independently evolving 
lineages were delimited in the Corrientes group: Cteno-
mys roigi, which conserves its former definition, Cteno-
mys dorbignyi and Ctenomys perrensi complex which were 
redefined, Sarandicito which includes the population of 
Paraje Sarandicito and probably a group of nearby poorly 
studied populations, and Iberá i, ii and iii distributed at 
both sides of the Iberá wetland. We discuss future per-
spectives to evaluate the proposed lineages and conserva-
tion issues concerning these tuco-tucos.

Keywords: Corrientes group; Ctenomys; Iberá wetland; 
integrative taxonomy; lineage delimitation.

Introduction
Tuco-tucos, South American rodents of the genus Cten-
omys (Blainville, 1826), are the most speciose group 

of extant subterranean rodents counting more than 
60 species (Woods and Kilpatrick 2005, Bidau 2015). These 
rodents have undergone enormous levels of chromosomal 
evolution with diploid numbers varying from 2n = 10 to 
2n = 70, mainly due to Robertsonian translocations, but 
also heterochromatin additions/losses, pericentric inver-
sions and/or tandem fusions had been postulated (Reig 
and Kiblisky 1969, Cook et al. 1990, Reig et al. 1990, Mas-
sarini et  al. 1991, Freitas 2006, Novello and Villar 2006, 
Caraballo et  al. 2015). Their subterranean lifestyle has 
been associated to high population subdivision and low 
vagility which may have promoted the fixation of chro-
mosomal novelties by genetic drift (Reig and Kiblisky 
1969, Ortells 1995). Within the genus at least eight species 
groups were defined, although their relationships have 
not been completely solved, as several groups fall into pol-
ytomies (Parada et al. 2011) which may reflect the explo-
sive nature of the radiation of tuco-tucos (Lessa and Cook 
1998, Castillo et al. 2005). One of these clades, the torqua-
tus group comprises species and populations that inhabit 
the eastern part of Ctenomys’ distribution: Ctenomys 
torquatus Lichtenstein, 1830 in the grasslands of south-
ern Rio Grande do Sul state, Brazil and northern Uruguay; 
Ctenomys ibicuiensis Freitas et  al., 2012 in western Rio 
Grande do Sul, Brazil; Ctenomys minutus Nehring, 1887 
and Ctenomys lami Freitas, 2001 distributed on the south-
ern Brazilian coastal plains; Ctenomys pearsoni Lessa 
and Langguth 1983 complex distributed along the coastal 
plains of southern Uruguay; and the Corrientes group, a 
complex of populations distributed in the homonymous 
province of Argentina. Recent phylogenies based on mito-
chondrial markers distinguished four reciprocally mono-
phyletic clades within the torquatus group (Freitas et al. 
2012, Caraballo et  al. 2016): C. torquatus, C. ibicuiensis, 
C. lami + C. minutus and C. pearsoni complex + Corrientes 
group. In turn, the Corrientes group and the C. pearsoni 
complex are reciprocally monophyletic clades with higher 
values of intergroup compared to intragroup genetic dis-
tances (Caraballo et al. 2016).

The tuco-tucos of the Corrientes group inhabit a vast 
area under the influence of the Iberá wetland, the second 
largest in South America, a geological depression cover-
ing 13,000 km2 of lakes, swamps, marshes, grasslands 
and forests. Demes of tuco-tucos of the Corrientes group 
are patchy distributed in sandy soils, predominant in this 
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area, which are suitable for their digging activity. However, 
proximity to the wetlands makes these habitats unstable as 
the system’s water-level fluctuates depending on rainfall 
and surface as well as underground rivers flow. To date, 
26 populations have been thoroughly studied in the Cor-
rientes group (Figures 1 and 2), some of which were alleged 
to belong to three species on the basis of morphological 
observations and karyotype: Ctenomys roigi (Contreras 
1988, 2n = 48, FN = 80), Ctenomys dorbignyi (Contreras and 
Contreras 1984, 2n = 70, FN = 84) and Ctenomys perrensi 
(Thomas 1896, 2n = 50, FN = 84), but most of them have an 
undefined taxonomic status (Contreras et al. 1985, Contre-
ras and Scolaro 1986, Contreras 1988, Ortells et al. 1990). 
As occurs in most lineages of the torquatus group, the 26 
populations of the Corrientes group showed high levels of 
chromosomal variability, with more than 17 different kar-
yomorphs described (Caraballo et al. 2015 and references 
therein), which suggests that chromosomal evolution is an 
ongoing and recurrent process in this group.

Many contributions have been made to the study 
of the Corrientes group, depicting a remarkable com-
plexity. Morphological analyses (Contreras and Scolaro 
1986, Contreras 1988, Ortells 1990), cytogenetic studies 
(Ortells et al. 1990, García et al. 2000b, Argüelles et al. 
2001, Caraballo et  al. 2015), chromosome banding 
(Ortells 1995), satellite DNA dynamics (Caraballo et al. 
2010), allozymic distances (Ortells and Barrantes 1994), 
population genetic studies (Mirol et  al. 2010, Gómez 
Fernández et  al. 2012), and mitochondrial phylogenies 
(Giménez et  al. 2002, Caraballo et  al. 2012) have been 
performed. From a morphological perspective, the 
populations comprising the Corrientes group, even the 
ones considered to belong to different nominal species 
showed little or no differentiation (Figure 1, Ortells 1990) 
and hence are likely to be cryptic ones. This fact may 
be reflecting selective pressures derived from the tuco-
tucos underground lifestyle: the homogeneous subterra-
nean niche may prevent the differentiation via divergent 

Figure 1: Tuco-tucos captured at different Correntinean populations.
Sampling localities are listed according to the order of the photographs (beginning from the upper left, in left-right direction, ending in the 
lower right): Loreto, Loreto (another specimen from the same population as preceding one), Manantiales, Mburucuyá, Pago Alegre, Santa 
Rosa, Saladas Centro, Saladas Sur, Estancia San Luis and Sarandicito.
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adaptations, more likely to occur in less restricted habi-
tats, e.g. surface rodents. In addition, among-popula-
tion genetic distances based on allozymic data indicated 
that the Corrientes group has very low levels of genetic 
differentiation, comparable to intraspecific distances in 
other species of Ctenomys (Ortells and Barrantes 1994). 
Taken together, the low differentiation observed at both 
morphological and allozymic levels in the Corrientes 
group are congruent with a recent divergence scenario. 
Indeed, the age of the Corrientes group has been esti-
mated at 0.77 Million years (0.51–1.02 Million years) in 
the context of a multi-calibrated phylogeny of the genus 
based on complete cytochrome b (cyt-b) sequences  
(Caraballo and Rossi, unpublished). This recent diver-
gence explains not only the observed little differentia-
tion but also the existing discordance among character 

sets that may reflect ancestral polymorphisms, random 
lineage sorting as well as hybridization and introgression.

From an operative point of view, delimiting species 
is crucial for conserving biodiversity. Underestimation or 
inflation of the number of species could adversely affect 
biodiversity conservation and management efforts (Zachos 
et al. 2013 and references therein). The Mburucuyá National 
Park and the Iberá Provincial Reserve are two protected 
areas in Corrientes, which cover 176 km2 and 13,000 km2, 
respectively. Populations of tuco-tucos inhabit these ter-
ritories; species delimitation could serve to decide which 
stocks should be conserved. From a theoretical point of 
view, species delimitation implies elaborating refuta-
ble hypotheses that can be tested by the addition of new 
character sources, populations, individuals, and methods, 
which will contribute to defining the species category itself.

Figure 2: Map showing Correntinean populations (black dots) studied by cytogenetics, mtDNA phylogeny and SSR clustering.
Numbered black dots correspond to the following localities: 1-Arroyo Pehuajó, 2-Costa Mansión, 3-Estancia San Luis, 4-Mburucuyá, 
5-Manantiales, 6-Loma Alta, 7-Pago Alegre, 8-Rincón de Ambrosio, 9-Colonia 3 de Abril, 10-Saladas Sur, 11-Saladas Centro, 12-Saladas 
Norte, 13-San Roque, 14-Goya, 15-Chavarría, 16-Paraje Sarandicito, 17-Mbarigüí, 18-Paraje Angostura, 19-San Alonso, 20-Paraje Caimán, 
21-Loreto, 22-Curuzú Laurel, 23-San Miguel, 24-Santa Rosa, 25-Estancia la Tacuarita, 26-Contreras Cué. The extent of occurrency of the 
seven Correntinean lineages delimited in this paper was drawn according to the IUCN Red List Categories and Criteria (Anonymous 2012). 
We used different colors for depicting lineages: Ctenomys roigi (green), C. dorbignyi (blue), C. perrensi complex (red), Sarandicito (orange), 
Iberá i (pink), Iberá ii (light purple), Iberá iii (violet).
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The aim of this work is to delimit independently evolv-
ing lineages within the Ctenomys Corrientes group adopt-
ing an integrative approach under the light of all available 
sources of evidence. This criterion could be identified 
with the “integration by cumulation” framework defined 
by Padial et al. (2010), according to which evidence from 
all character sets is taken into account as a whole, with no 
need of total congruence among them to delimit a lineage. 
Hence, we took into consideration evidence indicating 
the existence of reproductive barriers (differences in FN), 
as well as exclusivity in SSR clusters and mitochondrial 
monophyly. However, chromosomal, SSR clusters and 
mtDNA data, offer different kinds of information about 
potential gene flow between populations, and hence 
can be taken into account with different hierarchy when 
delimiting lineages. Regarding chromosomes, with excep-
tion of heterochromatic arm additions, differences in FN 
between populations reflect rearrangements known to 
have strong negative heterotic effects or to promote isola-
tion via recombination suppression (King 1995, Dobigny 
et  al. 2005, Faría and Navarro 2010) and thus are good 
indicators of lineage independence. Additionally, highly 
structured populations which will form exclusive SSR 
clusters or reciprocally monophyletic groups would not 
be exchanging genes at the present or at the recent past 
and hence are also good candidates to form independent 
evolutionary lineages. However, in allopatric taxa, exclu-
sivity could be driven only by genetic drift and could occur 
without detriment of the potential for gene exchange 
( Harrison and Larson 2014).

Under this criterion we delimited seven independent 
lineages within the Ctenomys Corrientes group which con-
stitute not only a good working hypothesis but also estab-
lish a useful framework for conservation in this group of 
rodents.

Materials and methods
We ran a cyt-b based phylogeny including sequences that 
had never been subjected to broader sampling studies. We 
included sequences from the Entrerrianan populations of 
Paso Vera and San Joaquín de Miraflores to test their mem-
bership to the Corrientes group. A sequence from the topo-
type, Costa Mansión (Parada et al. 2011) was also included 
to test the monophyly of Ctenomys roigi. Additionally we 
retrieved from GenBank nine octodontine sequences and 
129 Ctenomys sequences, encompassing all sequences 
included in Parada et al. (2011) and Caraballo et al. (2016) 
(Supplemental Table 1). The sequences corresponding to 
Paso Vera and San Joaquín de Miraflores are 426 bp long, 

and were obtained by Giménez et  al. (2002). Sequences 
were aligned with CLUSTAL X2 (Larkin et  al. 2007). We 
split the data into two character partitions: the 1st + 2nd 
codon positions, and the 3rd codon position. Substitution 
models were estimated for each partition using MrMod-
eltest 2.3 (Nylander 2004). Phylogenetic inferences were 
performed in BEAST 2.3.0 (Bouckaert et al. 2014), running 
two separate analyses for 107 MCMC generations, sam-
pling every 1.000 generations, with a burnin of 25% and 
also an extra run was performed sampling from the prior. 
We used Tracer 1.6.0 (Rambaut et  al. 2014) to determine 
posterior distribution convergence. Log files and trees 
were combined using LogCombiner v2.3.0, and trees were 
summarized with the “maximum clade credibility” option 
using TreeAnnotator 2.3.0 (Bouckaert et al. 2014).

We established an operative criterion which states 
that two populations are considered members of different 
lineages if they differ in their FN or belong to different SSR 
clusters and are reciprocally monophyletic. It should be 
noted that as the exclusivity condition might not be suf-
ficient to reflect evolutionary independence, we decided 
to consider it only when exclusivity was reached at both 
the mtDNA phylogeny and SSR clusters.

Results and discussion

Cytochrome b phylogenetic inference

The phylogenetic tree obtained is shown in Figure  3. 
All parameters reached convergence in both runs, 
and showed EES values over 500. Sequences from the 
Entrerrianan populations of San Joaquín de Miraflores 
and Paso Vera do not belong to the Corrientes group, but 
instead fall into its sister clade, together with the also 
 Entrerrianan  population of Médanos and the Uruguayan 
Ctenomys pearsoni complex. In turn, the sequence from 
Costa Mansión, Ctenomys roigi topotype, forms a mono-
phyletic group with the ones from Estancia San Luis, in 
agreement with chromosomal (Caraballo et al. 2015) and 
SSR  analyses (Gómez Fernández et al. 2012).

Lineage delimitation

In this section we will discuss previous classification, inte-
grating congruences and discordances between chromo-
somes, SSR clustering and mtDNA phylogeny, and apply 
the lineage delimitation criterion. The main outcome of 
this analysis is the delimitation of seven independently 
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evolving lineages in the Ctenomys Corrientes group 
(Table 1, Figure 2). We decided to hold the species status of 
those previously described species which remain circum-
scribed to a particular lineage supported by all sources of 
evidence integrated in this study, i.e. Ctenomys dorbignyi 
and Ctenomys roigi.

Ctenomys roigi

This lineage corresponds to the species firstly described 
by Contreras (1988) who pointed out its morphological 
distinctiveness. This species is distributed in an extremely 
limited area, within less than 100 km2, and thus was 

Figure 3: Phylogeny based on the complete cyt-b sequence of 138 Octodontid taxa.
Nodes with Bayesian posterior probability value < 0.7 were collapsed into polytomies. Diploid (2n) and fundamental (FN) numbers are shown 
next to each terminal, based on data published by Argüelles et al. (2001), Tomasco and Lessa (2007), Caraballo et al. (2015) and references 
therein.
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considered as Critically Endangered in the IUCN Red List 
of Threatened Species (Bidau et al. 2008a). To date, three 
nearby populations have been ascribed to Ctenomys roigi: 
Arroyo Pehuajó, Costa Mansión and Estancia San Luis, 
located in the northwest extreme of the Corrientes Prov-
ince (Figure 2). All three populations share a distinctive 
karyotype, 2n = 48 FN = 80, with a unique FN in the Cor-
rientes group (Ortells et al. 1990, Table 1). Ctenomys roigi 
is also a well supported lineage in terms of genetic exclu-
sivity, since it forms a unique SSR cluster and also results 
monophyletic in the mtDNA phylogeny (Table 1, Figure 3).

Ctenomys dorbignyi

This species was originally described by Contreras and 
Contreras (1984) establishing a narrow distribution in 

the north of the Corrientes Province. Later, its range was 
extended, considering four disjunct groups of popula-
tions (nucleuses) over the assumption of a common chro-
mosome number 2n = 70 (Contreras and Scolaro 1986). 
These nucleuses were designated North (Mbarigüí), South 
(Paraje Sarandicito, Los ángeles, Esquina and Laguna 
Itá), East (Contreras Cué) and West (Loma Alta and Mbu-
rucuyá), and were differentiated over the base of exter-
nal and cranial morphometry (Contreras and Scolaro 
1986). Based on discriminant analyses, these authors 
stated that each nucleus “behaves as a good taxonomic 
entity”. Karyotypical information was then published by 
Ortells et al. (1990) who found that Mbarigüí and Paraje 
Sarandicito had undistinguishable 2n = 70 FN = 84 kar-
yotypes (Table 1). Hence, these two disjunct nucleuses, 
although they are 350 km away, maintained their adscrip-
tion to Ctenomys dorbignyi and were identified as relicts 

Table 1: Detailed grouping of SSR clustering (Mirol et al. 2010, Gómez Fernández et al. 2012), mtDNA phylogenetic clades (Caraballo et al. 
2012) as well as diploid and chromosomal fundamental numbers (2n/FN, Caraballo et al. 2015 and references therein) of the 26 studied 
populations of the Ctenomys Corrientes group.

  Locality   Mirol et al. 
2010

  Gómez Fernández 
et al. 2012

  Hierarchical 
clustering

  mtDNA 
phylogeny

  2n/FN  Lineage

1   Arroyo Pehuajó   III   A     1a  48/80 
2   Costa Mansión   III   A     1a  48/80  C. roigi
3   Estancia San Luis   –   A     1a  48/80 

4   Mburucuyá   VI   B   A + B   1  58/84 

C. perrensi complex

5   Manantiales   VI   B     1  ? 
6   Loma Alta   –   B     1  ? 
7   Pago Alegre   VI   B     1  56/84 

8   Rincón de Ambrosio   V   I     2  50/84 
9   Colonia 3 de Abril   V   I     2  50/84 
10   Saladas Sur   V   I   I   1  51/84 
11   Saladas Centro   V   I     1  54/84 
12   Saladas Norte   V   I     1  54–56/84 

13   San Roque   IV   J     1  62/84 
14   Goya   IV   J  

J + K + L
  2  50/84 

15   Chavarría   IV   K     2  56/84 

16   Paraje Sarandicito   I   L     2b  70/84  Sarandicito

17   Mbarigüí   II   C  
C

  3  70/84  C. dorbignyi
18   Paraje Angostura   II   C     3  70/84 

19   San Alonso   –   F  

D + F + G + H

  4  44/78 
Iberá i20   Paraje Caimán   VII   H     4  45–46/78 

21   Loreto   VII   D     4  42/76 
Iberá ii22   Curuzú Laurel   VII   H     5  42/76 

23   San Miguel   VII   G     4  44/76 

24   Santa Rosa   IV   G     1  65–66/84  C. perrensi complex

25   Estancia la Tacuarita  VIII   E  
E

  6  42/76  Iberá iii
26   Contreras Cué   VIII   E     6  41–42/76 

Their ascription to lineages delimited in this paper is shown in the last column. Samples employed by Mirol et al. (2010) were included in 
Gómez Fernández et al. (2012).
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of a widespread nearly continuous ancestral stock of the 
Corrientes group. More recently Argüelles et  al. (2001) 
ascribed to this species a third karyotypically related 
group of populations from the localities of Paso Vera and 
San Joaquín de Miraflores, at the Entre Ríos Province. 
Taking these three nucleuses into consideration C. dor-
bignyi was considered Near Threatened in the IUCN Red 
List (Bidau et al. 2008b).

Notwithstanding, the Entrerrianan populations have 
a different chromosomal arm number, FN = 88 (Argüelles 
et al. 2001), which indicates that, under the applied delim-
itation criterion this third nucleus is a separate lineage. 
In addition, when included into the cyt-b phylogeny, the 
populations of San Joaquín de Miraflores and Paso Vera 
fall into the clade containing the Ctenomys pearsoni 
complex (Figure 3), as occurs with the also Entrerrianan 
population of Médanos which also has a FN = 88 (García 
et  al. 2000a), confirming these populations are not 
members of the Corrientes group. The northern (Mbarigüí 
and Paraje Angostura) and the southern (Paraje Sarandic-
ito) nucleuses split apart in the basal clades of the Corri-
entes group (Figure 3), and also form unique separate SSR 
clusters (Table 1, see below). Thus, we propose to restrict 
Ctenomys dorbignyi to the northern populations: Mbarigüí 
(topotype) and Paraje Angostura. It should be remarked 
that Contreras et al. (1985) included at least seven addi-
tional neighboring populations in the northern nucleus of 
C. dorbignyi. However, no genetic or cytogenetic studies 
have been carried out in these populations.

Ctenomys perrensi complex

Ctenomys perrensi was initially described by Thomas 
(1896) based on a sample from Goya, its topotype. After-
wards, this population was ascribed to Ctenomys torquatus 
(Cabrera 1961, Reig et al. 1965) and also to what would be 
later called Ctenomys pearsoni (Langutth and Abella 1970). 
During the decade of 1980 Contreras made a reassessment 
of the taxonomy and geographic range of Correntinean 
tuco-tucos, and extended the range for C. perrensi covering 
the central-west region of the province, from the margins of 
the Paraná River to the west margins of the Iberá wetland 
(Figure 2). This geographical range redefinition included 
all Correntinean populations except for the four nucleuses 
formerly ascribed to Ctenomys dorbignyi (Contreras and 
Scolaro 1986, see above), the group of populations which 
were later alleged to Ctenomys roigi (Contreras 1988), and 
several unstudied populations between Goya and the 
former southern nucleus of C. dorbignyi (Contreras et  al. 
1985). However, the species range was further restricted by 

Ortells et al. (1990) to the topotype (Goya) and two popu-
lations that share the same karyomorph 2n = 50 FN = 84: 
Rincón de Ambrosio and Colonia 3 de Abril (Table 1). 
Besides, a group of populations formerly attributed to this 
species was indicated to be probably related to this species 
based on morphological similarity and the sharing of a 
common FN = 84 (Ortells et  al. 1990). These highly poly-
morphic or polytypic populations, with 2n varying from 
54 to 62, were: Saladas (and nearby locations), Mburucuyá 
(and nearby locations), San Roque, Yataytí Calle and 
M.F. Mantilla. Additionally, Ortells et  al. (1990) acknowl-
edged the membership of the population of Curuzú Laurel 
(2n = 42, FN = 76) to a different lineage since it had a clearly 
divergent karyotype. They suggested it should be related to 
C. torquatus, a species with similar 2n and FN. According 
to the IUCN Red List, C. perrensi is listed as Least Concern 
(Bidau et al. 2008c), although its range of occupancy does 
not coincide with the one described by Contreras et  al. 
(1985) or Ortells et al. (1990).

Under an integrative approach we delimit an extended 
lineage, the Ctenomys perrensi complex,  encompassing 
all 2n < 70 FN = 84 forms of the Corrientes group (Table 1). 
These karyomorphs are the products of Robertsonian 
rearrangements (Ortells et  al. 1990, Lanzone et  al. 2007, 
Caraballo et  al. 2015), which not necessarily constitute 
reproductive barriers. In fact, Lanzone et al. (2007) showed 
that, in Correntinean tuco-tucos, heterozygotes bearing 
one or two centric fusion/fission rearrangements depicted 
normal pairing of homologous chromosomal arms. These 
results suggest that at least two Robertsonian changes 
would not act as a barrier to gene flow and can persist as 
intraspecific polymorphisms or polytypisms. However, 
heterozygotes for three or more centric fusions/fissions 
have not been reported in the Corrientes group (Ortells 
et al. 1990, Lanzone et al. 2007, Caraballo et al. 2015), sug-
gesting that highly Robertsonian-rearranged karyotypes 
are likely to produce hybrid sterility (Baker and Bickham 
1986). Karyomorphs with FN = 84 and 2n = 50 to 2n = 66 
could form part of a chromosomal cline of neighboring 
interfertile or semi-interfertile forms, as occurs in the case 
of the Brazilian species Ctenomys minutus and Ctenomys 
lami (Gava and Freitas 2003, Lopes et al. 2013).

To evaluate the Ctenomys perrensi complex from an 
integrative point of view, we should revise coincidences 
and discordances between SSR clustering and mtDNA 
phylogeny. The mtDNA phylogeny splits this complex into 
two clades: clade 2 including the populations of Ctenomys 
perrensi sensu Ortells et  al. (1990), Chavarría and Paraje 
Sarandicito (Table 1) and clade 1, including the remaining 
populations as well as Ctenomys roigi which is, as discussed 
above, a different monophyletic lineage. The members of 
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clades 1 and 2 of the C. perrensi complex resulted intermixed 
in SSR clusters (Table 1). With the exception of cluster G, that 
groups Santa Rosa and San Miguel which are highly diver-
gent populations in terms of their karyotypes and mtDNA 
identity and hence this grouping is likely to be artificial, all 
members of the C. perrensi complex fall into exclusive SSR 
clusters (Table 1). Taken together, the mtDNA phylogeny 
and SSR clusters suggest these are recently diverged popu-
lations which share randomly assorted ancestral variants 
and/or are or have been genetically connected.

We consider Santa Rosa as a member of this complex, 
not only because it shares the same FN and is included in 
this group in the mtDNA phylogeny, but also because it 
falls into an exclusive cluster with all Ctenomys perrensi 
complex populations (San Roque, Chavarría and Goya) in 
previous SSR clusters (Mirol et  al. 2010). In turn, Paraje 
Sarandicito is not considered part of this lineage and will 
be discussed in the following item.

Sarandicito

Paraje Sarandicito, located at the southern extreme of the 
Corrientes group distribution (Figure 2), has been pre-
viously ascribed to Ctenomys dorbignyi since they share 
a karyotype 2n = 70 FN = 84, but, as discussed above, it 
resulted a clearly differentiated SSR and mtDNA lineage 
in relation to the northern nucleus (Table 1). This popu-
lation shows a secondary affinity to the Ctenomys per-
rensi complex, being basal to the clade 2 in the mtDNA 
phylo geny and, although it forms an exclusive SSR cluster 
(L), it is included into a hierarchic cluster together with 
San Roque, Goya and Chavarría (Table 1). In fact, when 
members of San Joaquín de Miraflores (Entre Ríos) are 
included in the analysis, Paraje Sarandicito falls into a SSR 
cluster with this population (Mirol et al. 2010). However, 
as stated above, San Joaquín de  Miraflores falls within a 
clade which also includes the C. pearsoni complex in the 
cyt-b based phylogeny (Figure 3) and hence belongs to a 
different lineage. These results confirm that Paraje Saran-
dicito is a unique lineage within the Corrientes group. 
This population is likely to be related to other seven 
nearby populations that Contreras et al. (1985) attributed 
to the former southern nucleus of C. dorbignyi, but further 
studies should be carried out in order to determine their 
membership to this lineage.

Iberá i, Iberá ii and Iberá iii

The populations located within the Iberá wetland have the 
lowest FN and 2n of the Corrientes group. As mentioned, 

Curuzú Laurel, the first studied population of this group 
had been originally considered to be the eastern nucleus 
of Ctenomys dorbignyi (Contreras and Scolaro 1986), but 
after its karyotypic description it was treated as a separate 
lineage, related to Ctenomys torquatus (Ortells et al. 1990). 
A total of seven populations have been studied up to now 
in the proximities to the Iberá wetland: four located at the 
western margins of the wetland, two in the east and one 
isolated on a sandy elevation surrounded by waterlogged 
lowlands located in the center of the wetland (Figure 2). 
In mtDNA studies (Fernandes et al. 2009, Caraballo et al. 
2012) their membership to the Corrientes group was con-
firmed rejecting its affinity to C. torquatus. With the excep-
tion of Curuzú Laurel, which falls apart probably due to 
incomplete lineage sorting, all the Iberanan populations 
form a monophyletic group (Caraballo et al. 2012, 2016). 
Within this clade, the eastern populations Estancia la 
Tacuarita and Contreras Cué form a well-supported clade 
(Table 1). Similarly, all these populations are grouped into 
intermixed SSR clusters (Table 1) that group together in a 
hierarchical clustering (Table 1). The only exceptions are, 
again, Contreras Cué and Estancia la Tacuarita, which 
form an exclusive SSR cluster (Table 1).

Two different FN have been described in the Iberanan 
populations. Paraje Caimán and San Alonso (Figure  2) 
possess the same FN = 78, while they have 2n = 45–46 and 
2n = 44, respectively. These karyomorphs are related by 
Robertsonian rearrangements (Caraballo et al. 2015). The 
remaining populations have diploid numbers in the range 
2n = 41–44 and a constant FN = 76, and are also related by 
centric fusions/fissions (Caraballo et al. 2015). The karyo-
type 2n = 44 FN = 78 is undistinguishable from the 2n = 42 
FN = 76, with the exception of a small telocentric pair that 
was probably involved in a tandem fusion with a biarmed 
pair (Caraballo 2013, Caraballo et al. 2015). Tandem fusions 
are known to have powerful negative heterotic effects (King 
1995). In mammals, hetero zygotes’  sterility for tandem 
fusions was found in controlled breeding experiments in 
rodents of the genera Otomys Couvier, 1824 (Pillay and 
Willan Meester 1992, Pillay et  al. 1995, Taylor 2000) and 
Taterillus Thomas, 1910 (Dobigny et al. 2005) as well as in 
the antelope Madoqua kirkii Günther, 1880 (Ryder et  al. 
1989, Cernohorska et al. 2011). Since they are heterotically 
deleterious, once occurred, tandem fusions have an all or 
nothing fate: they reach homozygosis and promote instan-
taneous reproductive isolation from the non-rearranged 
stock, or they are lost (Dobigny et al. 2005). Thus, popula-
tions with FN = 78 are likely to be reproductively isolated 
from the ones with FN = 76, constituting independent 
evolving lineages. We designated the populations with 
FN = 78, Paraje Caimán and San Alonso, as Iberá i.
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Within the group of populations with FN = 76, two 
lineages should be distinguished according to the estab-
lished delimitation criterion. Estancia la Tacuarita and 
Contreras Cué accomplish exclusivity at both SSR clus-
ters and mtDNA phylogeny, and hence are a separate 
lineage. San Miguel, Loreto and Curuzú Laurel comprise 
the lineage Iberá ii (Figure 2), while we designate Estancia 
la Tacuarita and Contreras Cué as Iberá iii.

The need for integrating different data

In past decades, specialists have advocated for distinct 
and partially incompatible species concepts (reviewed 
by Mayden 1997, de Queiroz 2005b), leading to different 
conclusions about species boundaries and numbers of 
species. These incompatibilities emerge from considering 
different biological properties upon which several alter-
native concepts are based (de Queiroz 2007 and references 
therein). The reason why different biological features lead 
to incompatible species concepts is that they evolve at dif-
ferent rates, and not even necessarily in the same order 
during the process of speciation. Before the acquisition of 
the first distinct biological property, there would be overall 
agreement in the existence of a single species. At the other 
extreme, where putative species become phenotipically 
distinguishable, reproductively incompatible, diagnos-
able, ecologically distinct, etc, there would be full agree-
ment on the fact that there are two different species. The 
problem arises in what de Queiroz (2007) calls the gray 
zone where different species concepts would yield differ-
ent species delimitation. Lineage delimitation becomes 
more confusing as divergence times are shorter, not only 
because there is little differentiation, but also because 
there is a greater discordance among different character 
sources (Harrison and Larson 2014). To overcome this 
problem de Queiroz (2005a,b, 2007) proposed a unified 
species concept that reflects an underlying property to all 
alternative conceptualizations. All modern species con-
cepts equate species with separately evolving segments 
of metapopulation lineages (de Queiroz 2005a), where a 
metapopulation refers to an inclusive population made 
up of connected subpopulations (Hanski and Gaggiotti 
2004), and a lineage is an ancestral-descendant series of 
populations/metapopulations. According to this concept, 
lineages do not have to be monophyletic, intrinsically 
reproductively isolated, phenetically distinguishable, 
etc., to be considered different species; they have to be 
evolving separately from other lineages. In this context, 
any property that provides evidence of lineage separation 
is relevant to the inference of species boundaries and the 

number of species. Although the presence of a single prop-
erty provides evidence for lineage separation, a highly 
corroborated hypothesis of lineage separation will require 
multiple lines of evidence. For instance, in the case of 
the Corrientes group, if only FN would have been taken 
into account only four lineages would be delimited hin-
dering the clear SSR and mtDNA differentiation between 
Ctenomys dorbignyi and the Ctenomys perrensi complex. 
Likewise, if only SSR clusters were considered, Santa Rosa 
and San Miguel could be treated as members of the same 
lineage, in spite of their high chromosomal differences 
(that act undoubtedly as reproductive barriers, as stated 
above). On the contrary, Ctenomys roigi would represent a 
highly corroborated hypothesis, as it is supported by the 
three independent lines of evidence.

As mentioned (see Introduction) patterns of exclusiv-
ity for allopatric taxa could be a product of geographic iso-
lation over time, without detriment of the potential gene 
exchange between them. For this reason we explicitly 
established a restrictive condition to achieve exclusivity 
(i.e. at both SSR clusters and mtDNA phylogeny). Under 
the applied lineage delimitation criterion, the populations 
of Estancia la Tacuarita and Contreras Cué were separated 
from other populations that share FN = 76 (Iberá ii) as they 
depict exclusivity at both SSR clusters and mtDNA phy-
logeny. The same occurs in the case of Ctenomys dorbig-
nyi, that is separated from other populations of FN = 84. 
However, there is a fundamental distinction between both 
cases. The exclusiveness of Estancia la Tacuarita and Con-
treras Cué within the Iberanan group has been interpreted 
as the result of a strong bottleneck: almost all members of 
these populations were monomorphic for SSR alleles com-
monly found in other populations of the Corrientes group 
(Gómez Fernández et  al. 2012). In contrast, C. dorbignyi 
has allele richness comparable to other populations/lin-
eages such as C. roigi, Sarandicito, or San Alonso. Thus, 
genetic exclusivity could be the result of processes that 
have either occurred at the expense of variability (Iberá 
iii) or by differentiation without losing variability (C. 
dorbignyi).

Habitat stability and conservation

There are various reasons for the conservation of several 
Correntinean tuco-tucos populations. Although all tuco-
tucos inhabit the subterranean niche and thus are eco-
logically exchangeable, the seven delimited lineages are 
genetically and/or karyotypically differentiated. Some 
lineages comprise one or few described populations and, 
although more intensive surveys should be carried out to 
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measure the area of occupancy of these tuco-tucos, they 
need a closer surveillance. Ctenomys, as a subterranean 
rodent, plays important ecological roles. As was demon-
strated for the desert inhabiting tuco-tuco C. cf. knighti, 
Thomas, 1919 (Fracchia et al. 2011) the tuco-tucos are dis-
persal agents of root-associated fungi. This ecological role 
is particularly important for the populations of Butia par-
aguayensis and Butia yatay palm groves, broadly distrib-
uted in the Corrientes Province. Phosphorus intake and 
early growth of these palms depend on the association of 
their roots with arbuscular mycorrhizae (Ramos-Zapata 
et al. 2009, Phosri et al. 2010). Factors as the placement 
within a protected area, such as the Mburucuyá National 
Park or the Iberá Reserve, as well as the economic damage 
these animals can produce (see below) should also be 
taken into account to determine which stocks inside and 
outside these areas should be conserved.

There are six studied tuco-tuco populations that 
inhabit the Iberá Reserve (Figure 2): Loreto, Curuzú 
Laurel, San Miguel, Estancia la Tacuarita, Contreras Cué 
and San Alonso. The small population of San Alonso is 
prone to suffer inbreeding depression as it is located in an 
island surrounded by waterlogged wetlands. This popu-
lation could be recovered only with individuals from the 
other population of the Iberá i lineage (Paraje Caimán) 
but not with individuals from Iberá ii/iii populations since 
the chromosomal differences (FN 76 vs 78) are reflecting 
a tandem fusion and hence, constitute a reproductive 
barrier. For the same reason, the population of San Miguel 
inhabiting the west margin of the Iberá wetland (or the 
inbred Estancia la Tacuarita or Contreras Cué, as argued 
above) could be genetically recovered with individuals 
from the allele-rich Loreto or Curuzú Laurel but not with 
individuals from Paraje Caimán, which is the nearest pop-
ulation (Figure 2).

Tuco-tucos populations located within rural settle-
ments produce a negative economic impact on family 
farming, which is usually based on the cultivation of 
sweet potatoes, cassavas and other vegetables, since 
these rodents feed mainly on roots. Hence, these popu-
lations should not be included in conservation plans, 
unless they were unique representatives of a differenti-
ated lineage. For instance, the Saladas Centro population 
lies in a farmhouses’ area and farmers report the need for 
eradicating these tuco-tucos, which are considered a pest. 
As these tuco-tucos are members of the widespread Cteno-
mys perrensi complex, there is no need of conserving this 
population. In contrast, Ctenomys roigi, the only Critically 
Endangered species according the IUCN Red List of Threat-
ened Species (Bidau et al. 2008a), should continue under 
strict protection since the three populations described are 

distributed within a very restricted area (Figure 2) with 
anthropic influence. As argued above, the rest of the line-
ages should also be taken into account as regards conser-
vation efforts. The lineage Sarandicito might include eight 
neighboring populations (Contreras et al. 1985) and then 
could be considered Vulnerable or Endangered according 
to the IUCN Red List Categories and Criteria (Anonymous 
2012). The same categories should be applied to the line-
ages Iberá i, Iberá ii, Iberá iii and C. dorbignyi, since they 
have restricted areas of occurrence and probably they 
exist in no more than 10 locations. However, an exhaus-
tive survey of tuco-tuco populations should be carried out 
in order to assess feasibly the conservation status of these 
lineages.

In relation to habitat stability, the Iberá system has 
been recently affected by the construction of the large 
Yaciretá dam, a few kilometers northwards on the Paraná 
River. This reservoir was filled in 1994, reaching 76  m 
above sea level. Since then, a considerable groundwa-
ter inflow has taken place from the Paraná River into the 
Iberá system, which has increased its water level with 
the subsequent loss of several hundreds of thousands 
of hectares of land (Canziani et  al. 2006). Nevertheless, 
Úbeda et al. (2013) in a survey that spanned over the years 
2000–2010, integrating climatological and hydrologi-
cal models projected that water-level in the Iberá system 
would go through a moderate net decline over the next 
90  years, with more extreme inter-annual fluctuations. 
Both climate change and anthropogenic stressors, and 
their interactions, turn the suitable areas for tuco-tucos 
occupancy highly unstable. However, the effects of these 
disturbances could be buffered by the system, given the 
slow slope of the Iberá Basin, the hydro-biological regula-
tion mechanisms favored by the hydraulic characteristics 
of the embalsados (floating vegetation islands) and the 
morphology of the submersed soils, which contribute to 
water retention and ecological resilience.

Future perspectives

Nuclear loci could be incorporated as an additional line 
of evidence to infer a species tree by modeling coales-
cence between unlinked sequences (Heled and Drum-
mond 2010). However, since in these tuco-tucos we did 
not recover enough variability in nuclear genes as the 
von Willebrand factor (VWF) and the recombination acti-
vating gene, RAG1 (unpublished data), Next-Generation 
Sequencing techniques would be needed to expose greater 
nuclear variability. As a paradigmatic case, Wagner et al. 
(2013) demonstrated that high-throughput DNA sequence 
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data from restriction site-associated DNA (RAD) markers 
provide “unprecedented resolution of species bounda-
ries” in Lake Victoria cichlid fish, a group which has 
yielded conflicting phylogenies due to recent divergence 
times and shared polymorphisms. Although large mor-
phological differences are not expected in this group of 
species living in homogeneous underground environ-
ments (Ortells 1990), geometric morphology method-
ologies (Barčiová 2009, Sánchez et al. 2013, Ruane 2015) 
would offer a more detailed analysis of variable characters 
that could serve as another source of data to re-discuss 
lineages boundaries in this group.

Lineage delimitation in the Corrientes group was 
not a straightforward task. Three independent lines of 
evidence, SSR clustering, mtDNA phylogeny and karyo-
typic comparisons, yielded partially conflicting group-
ings when taken separately, but could be integrated to 
establish a criterion contemplating reproductive iso-
lation indicators and genetic exclusivity evidences. 
Seven lineages are distinguished as well corroborated 
hypotheses in the Corrientes group. In the future, any 
undescribed population should be studied under this 
frame, to assess its membership to these lineages and 
to simultaneously test the robustness of the hypotheses 
proposed herein.

Conclusion
Under this integrative approach seven independently 
evolving lineages were delimited in the Corrientes group: 
Ctenomys roigi, which conserves its former definition, 
Ctenomys dorbignyi and Ctenomys perrensi complex which 
were redefined, Sarandicito which includes the popula-
tion of Paraje Sarandicito and probably a group of nearby 
poorly studied populations, and Iberá i, ii and iii distrib-
uted at both sides of the Iberá wetland.

Acknowledgments: This work was supported by grants 
from the Consejo Nacional de Investigaciones Científicas 
y Técnicas (PIP 11220110100910CO) and the Linnean Soci-
ety (Systematics Research Fund) from Argentina and the 
United Kingdom, respectively. We are grateful to Cecilia 
Britos whose comments have improved this manuscript.

References
Anonymous. 2012. IUCN red list categories and criteria: version 3.1. 

Second edition. Gland, Switzerland and Cambridge, UK.

Argüelles, C.F., P. Suárez, M.D. Giménez and C.J. Bidau. 2001. 
Intraspecific chromosome variation between different popula-
tions of Ctenomys dorbignyi (Rodentia, Ctenomyidae) from 
Argentina. Acta Theriologica 46: 363–373.

Baker, R.J. and J.W. Bickham. 1986. Speciation by monobrachial 
centric fusions. Proc. Natl. Acad Sci. USA 83: 8245–8248.

Barčiová, L. 2009. Advances in insectivore and rodent systematics 
due to geometric morphometrics. Mammal Rev. 39: 80–91.

Bidau, C. 2015. Family Ctenomyidae Lesson, 1842. In: (J.L. Patton, 
U.F.J. Pardinas and G. D’Elia, eds.) Mammals of South America, 
Volume 2: rodents. University of Chicago Press, Chicago, USA, 
pp. 818–877.

Bidau, C., E. Lessa and R. Ojeda. 2008a. Ctenomys roigi. The IUCN 
Red List of Threatened Species 2008: e.T136633A4320525. 
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.
T136633A4320525.en. Downloaded on 21 June 2016.

Bidau, C., E. Lessa and R. Ojeda. 2008b. Ctenomys dorbig-
nyi. The IUCN Red List of Threatened Species 2008: 
e.T136234A4263536. http://dx.doi.org/10.2305/IUCN.
UK.2008.RLTS.T136234A4263536.en. Downloaded on 21 June 
2016.

Bidau, C., E. Lessa and R. Ojeda. 2008c. Ctenomys perrensi. The 
IUCN Red List of Threatened Species 2008: e.T5820A11744702. 
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.
T5820A11744702.en. Downloaded on 21 June 2016.

Bouckaert, R., J. Heled, D. Kühnert, T. Vaughan, C.H. Wu, D. Xie, 
M.A. Suchard, A. Rambaut and A.J. Drummond. 2014. BEAST 2: 
a software platform for Bayesian evolutionary analysis. PLoS 
Comput. Biol. 10: e1003537.

Cabrera, A. 1961. Catálogo de los mamíferos de América del Sur. 
Revista del Museo Argentino de Ciencias Naturales “Bernardino 
Rivadavia”. Ciencias Zoológicas 4: 309–732.

Canziani, G.A., R.M. Ferrati, C. Rossi and D. Ruiz-Moreno. 2006. 
The influence of climate and dam construction on the Ibera 
wetlands, Argentina. Reg. Environ. Change 6: 181–191.

Caraballo, D.A. 2013. Evolución de un complejo de especies de 
Ctenomys (Octodontidae, Rodentia) del noreste argentino: 
filogenia, variabilidad cromosómica y dinámica del ADN 
satélite. PhD thesis, Universidad de Buenos Aires, Buenos 
Aires, Argentina.

Caraballo, D.A., P.M. Belluscio and M.S. Rossi. 2010. The library 
model for satellite DNA evolution: a case study with the rodents 
of the genus Ctenomys (Octodontidae) from the Ibera marsh, 
Argentina. Genetica 138: 1201–1210.

Caraballo, D.A., G.A. Abruzzese and M.S. Rossi. 2012. Diversity of 
tuco-tucos (Ctenomys, Rodentia) in the Northeastern wetlands 
from Argentina: mitochondrial phylogeny and chromosomal 
evolution. Genetica 140: 125–136.

Caraballo, D.A., P.C. Jablonski, P.J. Rebagliati and M.S. Rossi. 2015. 
Chromosomal variability in tuco-tucos (Ctenomys, Rodentia) 
from the argentinean northeastern wetlands. Mastozool. 
 Neotrop. 22: 289–301.

Caraballo, D.A., I.H. Tomasco, D.H. Campo and M.S. Rossi. 2016. 
Phylogenetic relationships between tuco-tucos (Ctenomys, 
Rodentia) of the Corrientes group and the C. pearsoni complex. 
Mastozool. Neotrop. 23: 39–49.

Castillo, A.H., M.N. Cortinas and E.P. Lessa. 2005. Rapid diversi-
fication of South American tuco-tucos (Ctenomys; Rodentia, 
Ctenomyidae): contrasting mitochondrial and nuclear intron 
sequences. J. Mamm. 86: 170–179.

Brought to you by | Universidad de Buenos Aires
Authenticated

Download Date | 3/1/17 1:17 PM

http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T136633A4320525.en
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T136633A4320525.en
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T136234A4263536.en
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T136234A4263536.en
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T5820A11744702.en
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T5820A11744702.en


12      D.A. Caraballo and M.S. Rossi: Lineage delimitation in Ctenomys

Cernohorska, H., S. Kubickova, J. Vahala, T.J. Robinson and J. Rubes. 
2011. Cytotypes of Kirk’s Dik-Dik (Madoqua kirkii, Bovidae) 
show multiple tandem fusions. Cytogen. Genome Res. 132: 
255–263.

Contreras, J.R. 1988. Ctenomys roigi, una nueva especie de ‘anguya 
tutu’de la Provincia de Corrientes, Argentina (Rodentia: Cteno-
myidae). Bol. Instit. Estud. Almer.: 51–67.

Contreras, J.R. and A.N.C.H. Contreras. 1984. Diagnosis preliminar 
de una nueva especie de ‘anguyá tutú’ (género Ctenomys) para 
la provincia de Corrientes, Argentina (Mammalia, Rodentia). 
Hist. Nat. 4: 131–132.

Contreras, J.R. and J.A. Scolaro. 1986. Distribución y relaciones 
taxonómicas entre los cuatro núcleos geográficos disyuntos de 
Ctenomys dorbignyi en la Provincia de Corrientes, Argentina 
(Rodentia, Ctenomyidae). Hist. Nat. 6: 21–30.

Contreras, J.R., Y.E. Davies, A.O. Contreras and M. álvarez. 1985. 
Acerca de la distribución de Ctenomys perrensi Thomas, 1896 y 
sus relaciones geográficas con las demás especies del género 
(Rodentia, Ctenomyidae). Hist. Nat. 5: 173–178.

Cook, J.A., S. Anderson and T.L. Yates. 1990. Notes on Bolivian mam-
mals. 6, The genus Ctenomys (Rodentia, Ctenomyidae) in the 
highlands. Am. Muse. Nov. 2980: 1–27.

de Queiroz, K. 2005a. A unified concept of species and its conse-
quences for the future of taxonomy. Proc. Calif. Acad. Sci. 56: 
196–215.

de Queiroz, K. 2005b. Different species problems and their resolu-
tion. Bioessays 27: 1263–1269.

de Queiroz, K. 2007. Species concepts and species delimitation. 
Syst. Biol. 56: 879–886.

Dobigny, G., V. Aniskin, L. Granjon, R. Cornette and V. Volobouev. 
2005. Recent radiation in West African Taterillus (Rodentia, 
Gerbillinae): the concerted role of chromosome and climatic 
changes. Heredity 95: 358–368.

Faría, R. and A. Navarro. 2010. Chromosomal speciation revisited: 
rearranging theory with pieces of evidence. Trends Ecol. Evol. 
25: 660–669.

Fernandes, F.A., G.L. Gonçalves, S.S. Ximenes and T.R.O. Freitas. 
2009. Karyotypic and molecular polymorphisms in Ctenomys 
torquatus (Rodentia: Ctenomyidae): taxonomic considerations. 
Genetica 136: 449–459.

Fracchia, S., L. Krapovickas, A. Aranda-Rickert and V.S. Valen-
tinuzzi. 2011. Dispersal of arbuscular mycorrhizal fungi and 
dark septate endophytes by Ctenomys cf. knighti (Rodentia) 
in the northern Monte Desert of Argentina. J. Arid Environ. 75: 
1016–1023.

Freitas, T.R.O. 2006. Cytogenetics status of four Ctenomys species in 
the south of Brazil. Genetica 126: 227–235.

Freitas, T.R.O., F.A. Fernandes, R. Fornel and P.A. Roratto. 2012. An 
endemic new species of tuco-tuco, genus Ctenomys (Rodentia: 
Ctenomyidae), with a restricted geographic distribution in 
southern Brazil. J. Mammal. 93: 1355–1367.

García, L., M. Ponsá, J. Egozcue and M. García. 2000a. Comparative 
chromosomal analysis and phylogeny in four Ctenomys species 
(Rodentia, Octodontidae). Biol. J. Linnean Soc. 69: 103–120.

García, L., M. Ponsá, J. Egozcue and M. García. 2000b. Cytogenetic 
variation in Ctenomys perrensi (Rodentia, Octodontidae). Biol. 
J. Linnean Soc. 71: 615–624.

Gava, A. and T.R.O. Freitas. 2003. Inter and intra-specific hybridiza-
tion in tuco-tucos (Ctenomys) from Brazilian coastal plains 
(Rodentia: Ctenomyidae). Genetica 119: 11–17.

Giménez, M.D., P.M. Mirol, C.J. Bidau and J.B. Searle. 2002. 
Molecular analysis of populations of Ctenomys (Caviomorpha, 
Rodentia) with high karyotypic variability. Cytogenet. Genome 
Res. 96: 130–136.

Gómez Fernández, M.J., O.E. Gaggiotti and P. Mirol. 2012. The evolu-
tion of a highly speciose group in a changing environment: are 
we witnessing speciation in the Iberá wetlands? Mol. Ecol. 21: 
3266–3282.

Hanski, I. and O.E. Gaggiotti. 2004. Metapopulation biology: Past, 
present, and future. In: (I. Hanski and O.E. Gaggiotti, eds.), 
Ecology, genetics, and evolution of metapopulations. Academic 
Press, San Diego, USA, pp. 3–22.

Harrison, R.G. and E.L. Larson. 2014. Hybridization, introgression, 
and the nature of species boundaries. J. Hered. 105: 795–809.

Heled, J. and A.J. Drummond. 2010. Bayesian inference of species 
trees from multilocus data. Mol. Biol. Evol. 27: 570–580.

King, M. 1995. Species evolution: the role of chromosome change. 
Cambridge University Press, Cambridge, UK.

Langutth, A. and A. Abella. 1970. Las especies uruguayas del género 
Ctenomys (Rodentia, Octodontidae). Com. Zool. Mus. Hist. Nat. 
Montevideo 10: 1–20.

Lanzone, C., M.D. Giménez, J.L. Santos and C.J. Bidau. 2007. Meiotic 
effects of Robertsonian translocations in tuco-tucos of the 
Ctenomys perrensi superspecies (Rodentia: Ctenomyidae). 
Caryologia 60: 233–244.

Larkin, M.A., G. Blackshields, N.P. Brown, R. Chenna, P.A. McGet-
tigan, H. McWilliam et al. 2007. Clustal W and Clustal X version 
2.0. Bioinformatics 23: 2947–2948.

Lessa, E.P. and J.A. Cook. 1998. The molecular phylogenetics of tuco-
tucos (genus Ctenomys, Rodentia: Octodontidae) suggests an 
early burst of speciation. Mol. Phylogenet. Evol. 9: 88–99.

Lopes, C.M., S.S.F. Ximenes, A. Gava and T.R.O. Freitas. 2013. The 
role of chromosomal rearrangements and geographical barriers 
in the divergence of lineages in a South American subterranean 
rodent (Rodentia: Ctenomyidae): Ctenomys minutus. Heredity 
111: 293–305.

Massarini, A., M.A. Barros, M.O. Ortells and O.A. Reig. 1991. Chro-
mosomal polymorphism and small karyotypic differentiation 
in Central Argentinian populations of tuco-tucos. Genetica 83: 
131–144.

Mayden, R.L. 1997. A hierarchy of species concepts: the denoue-
ment in the saga of the species problem. In: (M.F. Claridge, H.A. 
Dawah, M.R. Wilson, eds.) Species: the units of biodiversity. 
Chapman and Hall, London, UK, pp. 381–424.

Mirol, P., M.D. Giménez, J.B. Searle, C.J. Bidau and C.G. Faulkes. 
2010. Population and species boundaries in the South Ameri-
can subterranean rodent Ctenomys in a dynamic environment. 
Biol. J. Linnean Soc. 100: 368–383.

Novello, A. and S. Villar. 2006. Chromosome plasticity in Ctenomys 
(Rodentia Octodontidae): chromosome 1 evolution and hetero-
chromatin variation. Genetica 127: 303–309.

Nylander, J. 2004. MrModeltest v2. Program distributed by the 
author. Evolutionary Biology Centre, Uppsala University.

Ortells, M.O. 1990. Biología evolutiva del género Ctenomys. PhD 
thesis, Universidad de Buenos Aires, Buenos Aires, Argentina.

Ortells, M.O. 1995. Phylogenetic analysis of G-banded karyotypes 
among the South American subterranean rodents of the genus 
Ctenomys (Caviomorpha: Octodontidae), with special reference 
to chromosomal evolution and speciation. Biol. J. Linnean Soc. 
54: 43–70.

Brought to you by | Universidad de Buenos Aires
Authenticated

Download Date | 3/1/17 1:17 PM



D.A. Caraballo and M.S. Rossi: Lineage delimitation in Ctenomys      13

Ortells, M.O. and G.E. Barrantes. 1994. Genetic distances and vari-
ability study in several species of the genus Ctenomys (Rodentia: 
Octodontidae), with special reference to a probable causal role 
of chromosomes in speciation. Biol. J. Linnean Soc. 53: 189–208.

Ortells, M.O., J.R. Contreras and O.A. Reig. 1990. New Ctenomys 
karyotypes (Rodentia, Octodontidae) from north-eastern Argen-
tina and from Paraguay confirm the extreme chromosomal 
multiformity of the genus. Genetica 82: 189–201.

Padial, J.M., A. Miralles, I. De la Riva and M. Vences. 2010. The inte-
grative future of taxonomy. Front. Zool. 7: 1–14.

Parada, A., G. D’Elía, C.J. Bidau and E.P. Lessa. 2011. Species groups 
and the evolutionary diversification of tuco-tucos, genus Cteno-
mys (Rodentia: Ctenomyidae). J. Mammal. 92: 671–682.

Phosri, C., A. Rodriguez, I.R. Sanders and P. Jeffries. 2010. The role 
of mycorrhizas in more sustainable oil palm cultivation. Agric. 
Ecosyst. Environ. 135: 187–193.

Pillay, N. and K.J. Willan Meester. 1992. Post-zygotic reproductive 
isolation in the African vlei rat Otomys irroratus (Muridae: 
Otomyinae). Isr. J. Zool. 38: 307–313.

Pillay, N., K. Willan and J. Meester. 1995. Post-zygotic reproduc-
tive isolation in two populations of the African vlei rat Otomys 
irroratus. Acta Theriologica 40: 69–76.

Rambaut, A., M.A. Suchard, D. Xie and A.J. Drummond. 2014. Tracer 
v1. 6, Available from http://beast.bio.ed.ac.uk/Tracer.

Ramos-Zapata, J., R. Orellana, P. Guadarrama and S. Medina-Peralta. 
2009. Contribution of mycorrhizae to early growth and phos-
phorus uptake by a neotropical palm. J. Plant Nutr. 32: 855–866.

Reig, O.A. and P. Kiblisky. 1969. Chromosome multiformity in the 
genus Ctenomys (Rodentia, Octodontidae. A progress report. 
Chromosoma 28: 211–244.

Reig, O.A., J.R. Contreras and M.J. Piantanida. 1965. Contribución 
a la elucidación de la sistemática de las entidades del género 
Ctenomys (Rodentia, Octodontidae). Contribuciones Científicas 
Facultad Ciencias Exactas y Naturales de la Universidad de 
Buenos Aires, Serie Zoología 2: 299–352.

Reig, O.A., C. Busch, M.O. Ortells and J.R. Contreras. 1990. An over-
view of evolution, systematics, population biology, cytogenet-
ics, molecular biology and speciation in Ctenomys. In: (E. Nevo 
and O.A. Reig, eds.) Biology of subterraneal mammals at the 
organismal and molecular levels. Alan R. Liss Inc., New York, 
USA. pp. 71–96.

Ruane, S. 2015. Using geometric morphometrics for integrative tax-
onomy: An examination of head shapes of milksnakes (genus 
Lampropeltis). Zool. J. Linnean Soc. 174: 394–413.

Ryder, O.A., A.T. Kumamoto, B.S. Durrant and K. Benirschke. 
1989. Chromosomal divergence and reproductive isolation in 
dik-diks. In: (D. Otte and J.A. Endler, eds.) Speciation and its 
consequences. Sinauer Associates Incorporated, Sunderland, 
UK, pp. 208–225.

Sánchez, M.V., M. Bastir and E.R. Roldan. 2013. Geometric morpho-
metrics of rodent sperm head shape. PLoS One 8: e80607.

Taylor, P.J. 2000. Patterns of chromosomal variation in southern 
African rodents. J. Mammal. 81: 317–331.

Tomasco, I. and E.P. Lessa. 2007. Phylogeography of the tuco-tuco 
Ctenomys pearsoni: mtDNA variation and its implication for 
chromosomal differentiation. In: (D. Kelt, E.P. Lessa, J. Salazar-
Bravo, and J.L. Patton, eds.) The quintessential naturalist: 
honoring the life and legacy of Oliver P. Pearson. University of 
California Publications in Zoology, CA, USA, pp. 859–882.

Úbeda, B., A.S. Di Giacomo, J.J. Neiff, S.A. Loiselle, A.S.G. Poi, J.A. 
Galvez, S. Casco and A. Cozar. 2013. Potential effects of climate 
change on the water level, flora and macro-fauna of a large 
Neotropical Wetland. PLoS One 8: e67787.

Wagner, C.E., I. Keller, S. Wittwer, O.M. Selz, S. Mwaiko, L. Greuter 
et al. 2013. Genome-wide RAD sequence data provide unprec-
edented resolution of species boundaries and relationships 
in the Lake Victoria cichlid adaptive radiation. Mol. Ecol. 22: 
787–798.

Woods, C. and C. Kilpatrick. 2005. Infraorder Hystricognathi Brandt, 
1855. In: D.E. Wilson and D.M. Reeder (eds.) Mammal species of 
the world: a taxonomic and geographic reference. John Hopkins 
University Press, Baltimore, MD, USA, pp. 1538–1600.

Zachos, F.E., M. Apollonio, E.V. Bärmann, M. Festa-Bianchet, U. 
Göhlich, J.C. Habel et al. 2013. Species inflation and taxonomic 
artefacts – a critical comment on recent trends in mammalian 
classification. Mammal. Biol. 78: 1–6.

Supplemental Material: The online version of this article 
(DOI: 10.1515/mammalia-2016-0162) offers supplementary material, 
available to authorized users.

Brought to you by | Universidad de Buenos Aires
Authenticated

Download Date | 3/1/17 1:17 PM

http://beast.bio.ed.ac.uk/Tracer

