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Species of swamp rats, Scapteromys Waterhouse, 1837
(Akodontini), are distributed in Argentina, Southern Paraguay,
Uruguay and Southern Brazil (D’ELÍA & PARDIÑAS 2004) with two
species: Scapteromys aquaticus Thomas, 1920 and Scapteromys
tumidus Waterhouse, 1837 (MUSSER & CARLETON 2005).

Scapteromys spp. occur in semi-aquatic habitats and ar-
eas near watercourses and swamps. There are no specific data
about S. aquaticus habits but S. tumidus feeds on invertebrates
(SUAREZ & BONAVENTURA 2001) and is associated with flooded
microhabitats with low plant coverage (BONAVENTURA et al. 2003).
Karyologic studies of this genus showed a wide variation, with
four different karyotypes (FREITAS et al. 1984, D’ELÍA & PARDIÑAS

2004). Scapteromys aquaticus populations are characterized by
a diploid number (2n) of 32, occurring in Argentina (BRUM-
ZORRILLA et al. 1986, FRONZA et al. 1976) and southern Paraguay
(D’ELÍA & PARDIÑAS 2004), while the S. tumidus population in
Uruguay (BRUM-ZORRILLA et al. 1972, 1986) and southern Brazil
(FREITAS et al. 1984) showed 2n = 24. Two other karyotypes have
been reported in the Brazilian population, 2n = 34 in the state
of Rio Grande do Sul and 2n = 36 in the state of Paraná (FREITAS

et al. 1984, PEDÓ et al. 2010).

D’ELÍA & PARDIÑAS (2004) presented a systematic study of
populations of Scapteromys, based on molecular and morpho-
logical evidence, and suggested two main clades: one named S.
aquaticus, formed by Argentinean and Paraguayan populations
together with one population from western Uruguay, and the
other, S. tumidus, constituted by the remaining Uruguayan
populations. Unfortunately, populations from Brazil were not
analyzed.

Here, we report for the first time the occurrence of S.
aquaticus with 2n = 32, extending the geographic distribution
to Southern Brazil.

A zoologic and epidemiologic survey was conducted in
the municipality of São Borja, Rio Grande do Sul in May 2009
(Fig. 1). Its climate is subtropical humid, with a mean annual
temperature of 20°C, with minimum and maximum tempera-
tures in December-January and July-August, respectively. São
Borja is limited by the Uruguay river on the west. Altitude of
study areas varied from 59-86 m above sea level. Small mam-
mals were captured with live traps (Tomahawk® and Sherman®

models) with baits containing a mixture of peanut butter, ba-
nana, oat and bacon. During this study, 14 S. aquaticus speci-
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mens were collected (7 females LBCE 12337, 12339, 12536,
12541, 12544-45, 12349, and 7 males LBCE 12314-15, 12338,
12341, 12350, 12542-43) and karyotyped for confirming iden-
tification. Specimens occurred in gallery forest remnants near
Uruguay river (28°37’08"S, 56°01’12"W) and in shrubby veg-
etation around swamps (28°38’39"S, 55°59’54"W and
28°38’34"S, 55°59’57"W).

Chromosome preparations were obtained from short-
term bone marrow cultures with 80% RPMI 1640, 20% fetal
calf serum, ethidium bromide (5 mg/ml) and colchicine (10-6)
for two hours at 37°C, following by hypotonic shock with KCl
(0.075M) for 30 minutes, pre fixation and fixation with Carnoy
(3 methyl alcohol:1 acetic acid). Estimates of fundamental
number were restricted to autosome pairs.

Voucher specimens were deposited in the mammal col-
lection of Laboratório de Biologia e Parasitologia de Mamíferos
Reservatórios Silvestres (LBCE), Instituto Oswaldo Cruz,
FIOCRUZ, Rio de Janeiro, Brazil (Table I). Fieldwork was car-
ried out with authorization (License number 13373, to P.S.
D’Andrea) from Instituto Chico Mendes de Conservação da
Biodiversidade (ICMBio).

DNA was isolated from livers of twelve specimens pre-
served in 100% ethanol with the phenol-cloroformio protocol

(SAMBROOK et al. 1989). Cytochrome b DNA (cytb; ca. 801 bp)
was PCR amplified with primers L14724 (IRWIN et al. 1991) and
MVZ16 (SILVA & PATTON 1993), with a pre-denaturation step at
94°C for 3 min; 33 cycles of denaturation at 94°C for 20 sec,
annealing at 48°C for 15 sec, extension at 72°C for 60 sec, and
final extension of 72°C for 2 min. Amplicons were purified
with GFXä PCR DNA and Gel Band Purification kit (GE
Healthcare, Brazil) and sequenced with the same PCR primers
and labeled with XL and BigDye® Terminator v3.1 Cycle Se-
quencing Kit (Applied Biosystems). Sequencing was carried out
with an ABI PrismTM 3130 platform.

Phylogenetic analyses included sequence data from 28
Scapteromys deposited in GenBank: 25 S. aquaticus (AY445527 –
AY445551), three S. tumidus (AY445561, AY445563, AY445565),
and two other used as outgroups, one Kunsia tomentosus
(Lichtenstein, 1830) (AY445526) and one Blarinomys breviceps
(Winge, 1887) (AY275112).

Genetic distance estimates were carried out with com-
plete deletion using Kimura’s two parameters, with MEGA (ver-
sion 5; TAMURA et al. 2011). Estimates of maximum-likelihood
(ML) analysis were carried out with PAUP 4.0b10 (SWOFFORD

2003), and bootstrap analysis were based on 1,000 replicates.
Bayesian analyses were carried out with Mr.Bayes (RONQUIST &

Figure 1. Collecting sites of Scapteromys aquaticus samples used in the analysis. Paraguay: 1) Estancia Ype kua, 2) Costa del Río Tebicuary,
3) Estancia Yacaré 0.87 km WNW of Puesto San Fernando. Argentina: 4) 17km W Colonia Villafañe, 5) Selvas del Río de Oro, 6) Rio
Paraná 0.5km W Esquina, 7) Ramallo, 8) La Balandra, 9) Punta de Índio. Uruguay: 10) Las Cañas. Brazil: 11) São Borja.
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HUELSENBECK 2003). NETWORK (version 4.5.1.6; available at
http://www.fluxus-engineering.com) was used for reconstruct-
ing a median-joining (MJ) network (BANDELT et al. 1999) to evalu-
ate sub-population structure and geographic distribution
patterns. MJ was calculated using variable sites only.

Intraspecific analyses were carried out with DNAsp 5
(LIBRADO & ROZAS 2009) and Arlequin 3.11 (EXCOFFIER & SCHNEIDER

2005) for computing global and pairwise estimates of gene flow
and for estimating haplotype and nucleotide diversity. Infer-
ences of past events like population expansion or decline were
based on estimates of neutrality tests: Tajima’s D (TAJIMA 1989),
Fu and Li’s F and D (FU 1997). Mismatch distribution analyses
was based on an assumed stepwise growth model (ROGERS &
HARPENDING 1992) with DNAsp 5 (LIBRADO & ROZAS 2009).

Karyologic analysis of S. aquaticus collected in São Borja
showed 2n = 32, FNa = 40 (Table II). The autosome complement
is composed by five biarmed pairs, three large sized and two
small sized and ten acrocentric pairs decreasing in size from
median to small (Fig. 2). The X chromosome is a median sized
acrocentric and the Y chromosome is a small sized biarmed chro-
mosome.

Cytochrome b DNA, comprising 801 bp from nine speci-
mens, showed four haplotypes, two of them shared by more than
one specimen (H1 by three specimens, H4 by four specimens;
Table I). These data, together with 25 S. aquaticus retrieved from
GenBank, accounted for 15 haplotypes (Table I). Only one hap-
lotype (H4), in 4 Brazilian specimens (LBCE12339, 12350, 12542,
12544), was shared by one specimen from Argentina (AY445536).

Analysis of all S. aquaticus sequences showed 21 variable
sites (18 transitions and three transversions), with genetic dis-

tance estimates ranging from 0.0 to 2.7%. Genetic distance es-
timates between S. aquaticus haplotypes from São Borja varied
from 0.0 to 0.5%, while genetic distance estimates between S.
aquaticus from São Borja and other localities varied from 0.0 to
1.1%. Genetic distances estimates between Paraguayan, Uru-
guayan and Argentinean specimens were  �0.6%.

Phylogenetic analyses confirmed the monophyly of
Scapteromys (Fig. 3), grouping haplotypes from Paraguay, Ar-
gentina, Uruguay and Brazil lacking a geographic structure.

MJ network (Fig. 4) showed a star-like topology, indicat-
ing lack of geographic structure and showing the most frequent
haplotype from Brazil in a central position. The majority of
Argentinean and Paraguayan haplotypes (H4) were directly con-
nected with this haplotype, while the haplotype from Uruguay
was connected with one haplotype from Brazil (H3) connected
to the central haplotype.

Pairwise genetic distance estimates (Fst) ranged from 0.17
(between São Borja and Argentinean haplotypes) to 0.68 (be-

Table I. List of Scapteromys haplotypes, number of specimens, field-museum number #GenBank accession number, and locality of
collection.

Haplotypes Number of specimens           Specimen #GenBank                              Locality

 1 3 LBCE12314, 12339, 12541 Brazil: Rio Grande do Sul, São Borja

 2 1 LBCE12338 Brazil: Rio Grande do Sul, São Borja

 3 1 LBCE12341 Brazil: Rio Grande do Sul, São Borja

 4 4 LBCE1239, 12350, 12542, 12544 Brazil: Rio Grande do Sul, São Borja

 4 1 AY445536 Argentina: Chaco, Selvas del Río de Oro

 5 1 AY445527 Argentina: Cordillera, 0.5 km W Esquina

 6 5 AY445528 – AY445532 Argentina: Buenos Aires, La Balandra

 7 3 AY445533 – AY445535 Argentina: Buenos Aires, Ramallo

 8 1 AY445537 Argentina: Chaco, Selvas del Río de Oro

 9 1 AY445538 Argentina: Chaco, Selvas del Río de Oro

 10 1 AY445539 Argentina: Formosa, 17 km W Colonia Villafañe

 11 1 AY445540 Argentina: Formosa, 17 km W Colonia Villafañe

 12 1 AY445541 Paraguay: Neembucú, Estancia Yacaré

 13 3 AY445542 – AY445544 Paraguay: Paraguarí, río Tebicuary

 14 1 AY445545 Paraguay: Corrientes, Estancia Ypekua

 15 6 AY445546 – AY445551 Uruguay: Río Negro, Las Cañas

Figure 2. Conventional Giemsa coloration of Scapteromys aquaticus
(male) from São Borja, Rio Grande do Sul.
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tween Uruguayan and Paraguayan haplotypes). Other estimates
accounted for 0.27 between São Borja and Paraguayan
haplotypes, 0.57 between São Borja and Uruguayan haplotypes,
0.20 between Argentinean and Paraguayan, and 0.46 between
Uruguayan and Argentinean haplotypes.

Tajima’s D neutrality test and the more sensitive Fu and
Li’s tests resulted in negative and significant values (Tajima’s
D = -1.22, p < 0.05; Fu and Li’s D = - 0.85, p < 0.05; Fu and Li’s
F = - 1.14, p < 0.05). Additional evidence of a recent history of
population expansion from São Borja in Southern Brazil was
provided by analysis of mismatch distribution showing a typi-
cal unimodal distribution under the exponential population
expansion model, when considering only São Borja haplotypes
or all haplotypes (data not show).

In the latest taxonomic review of the genus Scapteromys,
the distribution of S. aquaticus included Argentina, Paraguay
and the Uruguayan area of Las Cañas in Department of Río
Negro (D’ELIA & PARDIÑAS 2004). The Scapteromys specimens from
Brazil herein karyotyped showed 2n = 32, FNa = 40, similarly
to S. aquaticus from Argentina and Paraguay (BRUM-ZORRILLA et
al. 1986, FRONZA et al. 1976) and confirmed that the distribu-
tion of this species extends to the south of Rio Grande do Sul
in Brazil. The only detail is the X chromosome of Brazilian
specimens that was a medium size acrocentric while, in Punta
Lara (Argentina), the X chromosome was found to be acrocen-
tric and submetacentric in one female specimen, and acrocen-
tric in other females (FRONZA et al. 1976).

Three other Scapteromys karyotypes were reported in Bra-
zil: 2n = 24 for S. tumidus and two other karyomorphotypes,
2n = 34 and 36 in specimens without species identification
(FREITAS et al. 1984). The S. aquaticus herein karyotyped were
collected in the most southern region of Brazil, while the S.
tumidus and Scapteromys sp. karyotyped by FREITAS et al. (1984)
were collected in northern and eastern Rio Grande do Sul, Santa
Catarina and Paraná states. These findings were in agreement
with the proposition of FREITAS et al. (1984) that more than one
species of Scapteromys occurs in Brazil, with S. aquaticus being
restricted to the most southern region.

A previous review of the tribe Akodontini showed the
monophyly of S. aquaticus (D’ELIA & PARDIÑAS 2004). Our find-

Table II. Karyologic data on Scapteromys specimens with field or museum number, diploid number (2n), autosome fundamental number
(FN), locality of collection.

Taxon Specimen 2n/FN Locality References

S. tumidus 2 M, 1 F 24/40 Brazil: Rio Grande do Sul, Porto Alegre 1

S. tumidus 2 M 24/40 Brazil: Rio Grande do Sul, Pelotas 1

S. tumidus 6 M, 3 F 24/40 Brazil: Rio Grande do Sul, Rio Grande 1

S. tumidus 7 M, 2 F 24/40 Brazil: Rio Grande do Sul, Bagé 1

S. tumidus 5 M, 2 F 24/40 Uruguay, Fray Bentos 2

S. aquaticus 7M: LBCE 12314-15, 12338, 12341, 12350,
12542-43; 5F: LBCE 12337, 12339, 12349,
12536, 12541, 12544

32/40 Brazil: Rio Grande do Sul, São Borja TS

S. aquaticus several 32/40 Argentina: Punta Lara 3

Scapteromys 36 1 M 36/40 Brazil: Paraná, São José dos Pinhais 1

Scapteromys 34 5 M, 1 F 34/40 Brazil: Rio Grande do Sul, Cambará do Sul 1

M) male, F) female, TS) this study, 1) FREITAS et al. (1984), 2) BRUM-ZORRILLA et al. (1972), 3) DE FRONZA et al. (1976).

Figure 3. Maximum likelihood phylogeny (GTR+I model) and
Bayesian analyses for cytochrome b of Scapteromys aquaticus.
Numbers close to branches are boostrap values. For clarity, only
boostrap values for the main groups for Scapteromys are shown.
Branches represent each haplotype indicated by numbers listed
as indicated on Table I.
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ings showed that Brazilian S. aquaticus grouped with specimens
from Argentina, Paraguay and Uruguay but without a geo-
graphic structure. The Brazilian (n = 4) and the Argentinean (n
= 1) specimens of S. aquaticus shared a single haplotype, while
haplotypes from Uruguay and Paraguay were exclusive of these
populations (Fig. 4).

The star-like topology of the MJ network (Fig. 4), and the
Brazilian haplotype (H4) most frequent and probably the most
ancestral one (CRANDALL & TEMPLETON 1993), suggested low dif-
ferentiation between localities, with the most frequent
haplotypes in at least two populations (Brazilian and
Argentinean) and unique haplotypes connected by one or few
nucleotide changes, presumably derived from H4.

Geographic barriers, like the Uruguay river, between
populations from Argentina and Brazil, usually could be asso-
ciated with strong levels of genetic differentiation, but the ef-
fect of this river as main promoter of genetic divergence was
not observed for S. aquaticus. The same pattern was reported
between populations from Argentina and Uruguay (Fig. 1; Las
Cañas – D’ELIA & PARDIÑAS 2004). This scenario demonstrated a
low level of diversity in these populations suggesting a recent
history of population expansion without influence of the river.

This new record plus the karyotype data available for Bra-
zilian Scapteromys population showed four karyomorphotypes

in Brazil, corresponding to the two known Scapteromys species
and two unnamed species. This data indicate that the actual
diversity of Scapteromys genus is underestimated and more
multidisciplinary studies are necessary for understand this sce-
nario.
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