


CRISTIAN SIMON ABDALA et al.

(Fig. 3). Juvenile specimens present the same colour pat-
tern as adults; however, ventral spots are absent in males
or, when present, are more diffuse.

Natural history: Liolaemus rabinoi inhabits the dunes on El
Nihuil, located in the San Rafael plain, Andean pedemont,
central-western Mendoza (TRIPALDI 2010). This aeolian
system comprises linear and parabolic dunes, principal-
ly covered by small patches of Sporobolus rigens (unquil-
lo), Suaeda divaricata (vidriera), and interspersed Hyalis
argentea (clavelillo) associated with the ramps and crests
(Fig. 5). Individuals of L. rabinoi were only observed oc-
cupying the bare sand on the top of crests from 10:00 to
12:00 h, and sheltering half-buried beneath the patches of
H. argentea when the substrate temperature exceeded 60°C
during the warmest hours of the day (13.00-15.00 h).

Some ethological aspects were recorded. The first one
was observed during our active search. Immediately after
perceiving our presence, the individuals used sand-diving
as an escape strategy, with some of them first running some
metres before diving into the sand (Fig. 4). At 12:00 h, in-
stead of sand-diving in the same site where they were seen,
the lizards fled rapidly to refuges under H. argentea herbs,
and buried themselves at these microsites. Once captured
and taken to the laboratory, some specimens were kept
alive in a terrarium that contained the same sand substrate
as that of the collection site. Their diving behaviour could
be elicited twice, allowing us to detect certain movements
of interest. Sand-diving started with the head inclined
down until the individual had completely buried the snout.
At that moment, lateral oscillations from the neck trans-
mitted to the entire body allowed the lizard to wriggle its
whole body under the sand, with the hind limbs propelled
by the oscillations, which decreased in intensity once the
tail was partially or completely covered with sand. When
the lateral oscillating movement stopped, it was in some
cases possible to observe that the head subtly re-emerged,
with only the upper tip up to the level of the eyes showing
(Fig. 4).

Another observed behaviour was defensive inflation in
at least two captured individuals (Fig. 3a). This defensive

Figure 5. General view of the habitat of Liolaemus rabinoi in 2010.
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behaviour has been reported from other Liolaemus species
(ABDALA 2007), and is similar to that of the rock-dwell-
ing lizards of the genus Phymaturus MOLINA, 1782 (Liolae-
midae), which wedge themselves in rock crevices to avoid
capture. Liolaemus rabinoi increased its volume by inflat-
ing the lungs until the body became globose (Fig. 3a). Once
such specimens were released into their terraria, it took
them some seconds to return to their normal shape.

A preliminary dietary analysis based on faecal samples
revealed L. rabinoi to be carnivorous, principally feeding
on Formicidae (76%), Hemiptera (14.2%), and Coleoptera
(9.5 %). Indeed, no vegetal items were found in the faeces.

Finally, L. rabinoi occurs in syntopy with L. grosseo-
rum, L. gracilis, Pristidactylus fasciatus, Leiosaurus bellii
and Homonota darwinii at its type locality and the adjacent
sand fields.

Distribution: The historical distribution of L. rabinoi com-
prises the sand dunes on the margins of El Nihuil dam,
while the type locality (“sandy coasts of Nihuil Lake,
1,200 m a.s.l”) might be located at any point of the sand
dunes around El Nihuil dam. Anyhow, the type specimens
were collected in a sandy area near Club de Pescadores
(fishing club) on the northeastern shore of the dam (J. M.
CEI pers. comm. 15 January 2002). The newly-found pop-
ulation is located between 2 and 3 km from Puesto Du-
ran, 3.6 km from Provincial Route 180, 8 km from the El
Nihuil locality, and 9.8 km from the Club de Pescadores
(35°05°08.0” S, 68°37°21.7” W) of El Nihuil, San Rafael
Department, Mendoza Province, Argentina (Fig. 1). This
new population inhabits a very small area, not exceeding
6 km?.

Phylogenetics: In all the trees that were generated, the
topologies obtained for the large groups were influenced
by the value of K, independent of whether they had used
a mkstandb of 2 or 4. Analyses of the largest clades of the
L. boulengeri group yielded a total of three trees for mk-
standb = 2 and three for mkstandb = 4. In both cases, for
the first two of the three hypotheses, the algorithm was run
using equal weights, with K = 3 and 4, and the rest with K =
5 through 15. Given that all the presented hypotheses are
valid and that the values assigned to “K” and mkstandb are
arbitrary, the leading hypothesis was selected as the most
frequently repeated tree and was at the same time most
congruent with previous phylogenetic studies (ABDALA
2007, PAZ 2012, ABDALA & JUAREZ HEREDIA 2013). Based
on these criteria, the selected tree had the following val-
ues: mkstandb = 2, constant “K” = 8 through 13, and mk-
standb = 4 with a constant “K” = 7 through 12 (Fig. 6). The
phylogenetic results indicate that the L. wiegmannii clade
presents a well-supported monophyly and, in agreement
with the hypothesis by ABpDALA (2007), is a sister clade of
the L. darwinii clade supporting the L. laurenti clade. Like-
wise, the L. wiegmannii clade includes L. chacoensis as ba-
sal species, which is allied to L. wiegmannii and L. azarai
and shares with these strongly keeled and mucronate tem-
poral scales, light blue spots and scales on the dorsal body
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and flanks, similar body size and shape, and conspicuous
sexual dichromatism. The obligate sand-dwelling species
(L. cuyumuhue, L. multimaculatus, L. rabinoi, L. riojanus,
L. salinicola, L. scapulari) make up a defined and well-sup-
ported clade that includes L. rabinoi. This clade of lizards
is grouped into two small subclades and exhibits ethologi-
cal, morphological, and ecological similarities such as be-
ing strictly psammophilous, diurnal sand-burying, hav-
ing slightly keeled or no keeled, juxtaposed dorsal scales,
a shovel-shaped snout, well-developed ciliaries, modified
scales of fingers, a cryptic colour pattern that resembles
sand, and a sexual dichromatism limited to the ventral
face. In addition, (L. occipitalis + L. lutzae) it is sister to
a more numerous clade composed of six species concen-
trated in two clades (L. salinicola + [L. multimaculatus +
L. scapularis]) + (L. cuyumuhue + [L. riojanus + L. rabi-
noi]) (Fig. 6). It should be noted that this clade has a sup-
port of close to 100%, with 96% support of the relationship
with L. riojanus (sister species).

Discussion

Liolaemus rabinoi was originally described as Cteno-
blepharis rabinoi, i.e., in a genus that was subsequently
synonymised with Liolaemus by ETHERIDGE (1995). The
original description of this taxon is brief and provides few
data, mostly because in 1974, the genus Ctenoblepharis was
composed of no more than ten species (ETHERIDGE 1995).

L. boulengeri

L. goetschi
Clade

Clade

L. chacoensis
Clade
L. laurenti
Clade
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L. wiegmannii
Clade

Nevertheless, it is understandable that the original descrip-
tion included limited morphological and biological char-
acters because it was based on only two specimens. In spite
of R. ETHERIDGE visiting the type locality twice, he unfor-
tunately failed to find individuals; therefore, and the col-
our pattern described by ETHERIDGE (2000) was therefore
based on photographs taken by Dr. CEI in 1974. ETHERIDGE
(2000) included L. rabinoi in the Liolaemus clade of “sand-
dwelling lizards” or “L. wiegmannii” clade and provided a
complete diagnosis by adding new characters. ETHERIDGE
(2000) furthermore proposed a phylogenetic hypothesis
for the “L. wiegmannii” clade, which was subsequently
supported by VERRASTRO et al. (2003), in which L. rabinoi
would be included in the clade (L. rabinoi [L. riojanus CEI
+ L. multimaculatus)).

Over the last years, the genus Liolaemus has substan-
tially increased in the number of species included (As-
DALA et al. 2013, 2014, AVILA et al. 2015, TRONCOSO et al.
2015).This also applies to the “L. wiegmannii” clade (VER-
RASTRO et al. 2003, AVILA et al. 2009), which underscores
the need for a more detailed diagnosis and characteriza-
tion of L. rabinoi.

The results of this work substantially advance our
knowledge of L. rabinoi. However, several factors still need
to be addressed, especially with reference to the biology
and conservation of this species. Because species biology
tends to mirror phylogeny (PURVISs et al. 2005), closely re-
lated species tend to be similar and phylogenetic relation-
ships should offer insights into conservation issues. Con-
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Figure 6. Phylogenetic relationships of Liolaemus rabinoi relative to other species of the L. wiegmannii clade, based upon parsimony.
Values of K = 9 and mkstandb = 2. Fit = 253.64685. The support values (symmetric resampling) are given above the branches.
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servation approaches tested in the closely related species,
L. multimaculatus (KAcoLIRIS et al. 2009, 2010, 2011),
might be extrapolated to the newly discovered popula-
tion of L. rabinoi. However, these types of actions could be
undertaken only if a strongly supported phylogeny that is
congruent with that of other authors is available. Unfortu-
nately, there are only two phylogenies of the “L. wiegman-
nii” clade, which include L. rabinoi (ETHERIDGE 2000, this
study). ETHERIDGE (2000) proposes that L. rabinoi is sis-
ter of the clade of (L. multimaculatus + L. riojanus). How-
ever, the addition of new characters and additional termi-
nals leads to a partially congruent hypothesis with regard
to the results obtained by ETHERIDGE (2000). The phylo-
geny presented here exhibits geographical congruence,
since it relates L. rabinoi to the most geographically proxi-
mate species. Liolaemus rabinoi would be a sister species
of L. riojanus, located 300 km northwards (northern por-
tion of Mendoza and south of San Juan) from the L. rabi-
noi population, and also forms a clade with L. cuyumuhue,
a species recently described by Avira et al. (2009) from
northern Neuquén, 300 km south of the L. rabinoi popula-
tion. It should be noted that all obligate sand-dwelling spe-
cies of the “L. wiegmannii” clade (L. cuyumuhue, L. lutzae,
L. multimaculatus, L. occipitalis, L. rabinoi, L. riojanus,
L. salinicola, and L. scapularis) exhibit disjunctive distri-
bution patterns, with no evidence of sympatry or syntopy
between these species.

The results of this work on L. rabinoi are also congruent
in some biological and ethological aspects of other sand-
dwelling species of the “L. wiegmannii’ clade. As with
L. rabinoi, VEGA (2001) and KAcOLIRIS et al. (2009) stated
that the density of L multimaculatus populations was great-
er in dunes with low to medium plant cover, establishing
a direct relationship between habitat use and a structur-
al gradient of vegetation. Similar results were reported for
the sand-dwelling species L. occipitalis and L. lutzae from
southern Brazil (RocHA 1991, CLOVIS & VERRASTRO 2008)
and L. riojanus from central-western Argentina (LASPIUR
2012). In agreement with studies conducted by KacoLiris
et al. (2009, 2010) on L. multimaculatus, preliminary ob-
servations in L. rabinoi indicate that the species has a vari-
ety of escape strategies, with finding refuge and diving into
the sand being the most important ones. However, these
observations should be explored in more detail in a spe-
cific behavioural study. Another ethological trait recorded
in some specimens of L. rabinoi was the defensive inflation
behaviour, a characteristic behaviour also proposed by As-
DALA (2007) for some species of the “L. boulengeri” clade.
This behaviour is displayed when individuals are manipu-
lated, and they are able to remain in such a state for several
minutes. It constitutes the first record of this type of be-
haviour in a species of the “L. wiegmannii” clade (ABDALA
2007) (Fig. 3a).

Harroy et al. (1998) conducted a phylogeny of the
L. boulengeri clade based on ethological characteristics and
included four obligate sand-dwelling species of the L. wieg-
mannii clade. These authors described the diurnal sand-
diving strategy in detail. The strategy employed by L. rabi-
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noi for diving during the day is in agreement with that ob-
served by HALLOY et al. (1998) for sand-dwelling species of
the L. wiegmannii clade (Fig. 4).

The results of our faecal analysis of L. rabinoi suggest an
insectivorous diet, with a marked predilection for formic-
ids. These results are similar to those for Liolaemus multi-
maculatus, which exhibits an insectivorous and generalist
diet, even though it is composed predominantly of Coleo-
ptera, Diptera, and Araneae (VEGA 1999). However, a more
detailed study, involving a higher number of individuals
and data from various seasons, would be needed to sup-
port the present results and specify the feeding habits of
L. rabinoi.

Aspects related to conservation of L. rabinoi should be
addressed first and foremost and made available due to the
conservation status of this species (ABDALA et al. 2012).
Because of the high degree of anatomical, ecological, and
ethological specialization that characterizes obligate sand-
dwelling species, small disturbances in the environment
may have great negative effects on their populations. Un-
doubtedly, our rediscovery of L. rabinoi is an event that
raises hopes for the conservation and knowledge of this
species. However, there are new challenges and issues
that have to be overcome. The main threat to this recently
found L. rabinoi population is the use of off-road vehicles
as a recreational activity in its natural habitat (Fig. 7). The
intensive use of motorcycles and four-wheel drive vehicles
(4WD) impacts on the sand dunes where L. rabinoi occurs.
Direct effects on dune environments are evident in the in-
creased erosion process and loss of vegetation (WEBB et al.
1978); thus, animals associated with sand dunes will be af-
fected. Moreover, the off-road usage of these tracts of land
has devastating effects in that new tracks will allow people
to penetrate formerly remote areas and promote other bio-
physical impacts such as noise, pollution, exhaust fumes,
and wildlife disturbance (PURvVIs et al. 2005). Access to
natural areas has been facilitated by the widespread use of
off-road vehicles in recreational and tourism-related activ-
ities. Particularly, in the El Nihuil sand dunes, this recrea-

Figure 7. Activity of off-road vehicles in the Liolaemus rabinoi
habitat. Note the intensive use of motorcycles and four-wheel
drive vehicles in 2015.
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tional activity is not only conducted by tourists and local
users; the main impact is produced by a local racing event
(Prime Multimarca), provincial competitions (Quadriders
Dunas del Nihuil - Semana Santa 2010-2011-2013, Enduro
Mendoza, Rally Multimarcas), a national challenge (Cross
Country, Desafio al Nihuil), and international ones, such
as the famous and destructive Dakar Rally (2010, 2012). No
doubt, these excessive vehicle activities degrade the habitat
of L. rabinoi and will certainly have direct effects on this
population, exposing it to a high risk of extinction. It is im-
perative that the relevant authorities (Faunal Agency, Men-
doza province, Secretaria de Turismo, Mendoza, and San
Rafael, San Rafael Municipality, El Nihuil local authorities)
take action urgently and protect L. rabinoi from vehicle-in-
duced damage. Based on the issues observed in the region,
we propose five measures aimed at conserving this species
be taken: 1) The dune area, where L. rabinoi occurs, should
be declared a protected natural area by the government of
Mendoza province; 2) L. rabinoi should be declared a natu-
ral provincial monument; 3) The use of four-wheel drive
vehicles in the dunes and areas influencing the habitat of
L. rabinoi should be forbidden; 4) Official rally and mo-
torbike competitions in the dunes and areas influencing
the habitat of L. rabinoi should be forbidden; 5) The Faunal
Agency of Mendoza province should allow and promote
research on L. rabinoi.

Finally, this species was categorized as “Critically En-
dangered” (IUCN, unpublished data) and assigned to “En-
dangered” in the recent categorization of amphibians and
reptiles of Argentina (ABDALA et al. 2012). Thus, L. rabinoi
is one of the most severely threatened lizards of Argentina
and exposed to an ever-increasing risk of extinction.
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Appendix
Specimens examined

Liolaemus azarai: UNNEC 00454, UNNEC 00564, UNNEC
00586, UNNEC 00593, UNNEC 11027-31: Araza Port, Apipe
Grande Island, Corrientes, Argentina.

Liolaemus cuyumhue: MACN 38981 (holotype): 28.7 km NW
Anelo, Afielo Basin, Neuquén, Argentina (38°11° S, 69°01" W,
259 m), FML 17592-594; MACN 38982-984 (paratypes): southern
edge of Ruta Provincial 7, (38°13’ S, 68°57” W, 260 m), Neuquén,
Argentina.

Liolaemus lutzae: FML 12871-877: Cabo Frio, Rio de Janeiro,
Brasil.

Liolaemus multimaculatus: FML 18261-3128: Claromecd, Bue-
nos Aires, Argentina.

Liolaemus occipitalis: FML 12881-82; 12889-91; 2618; 26191-2;
2620: Tramandai, Rio Grande do Sul, Brasil.

Liolaemus rabinoi: IBA-UNC 8181-818-2 (holotype and para-
type): sandy coasts of Lake El Nihuil, 1,200 m. Mendoza, Argen-
tina. FML 28586-593 10-15 km to SE from the type locality, El
Nihuil dam, San Rafael, Mendoza (35°05°08.0” S, 68°37°21.7” W).

Liolaemus riojanus: FML 30051-569: 110.7 km south of Villa
Union, on provincial route 26, La Rioja, Argentina. FML 2738;
FML 26261-265: Baldecitos, La Rioja, Argentina.

Liolaemus salinicola: FML 16782-89; FML 27441-48: Medani-
tos, Catamarca, Argentina.

Liolaemus scapularis: FML 20221-2218: Campo los Pozuelos,
Santa Maria, Catamarca, Argentina. FML 17418: In front of the
Santa Maria Airport, Catamarca, Argentina. FML 22301-3019:
Route between Amaicha and Santa Maria, Tucuman, Argentina.

Liolaemus wiegmanniiAN: FML 35941-411: Agua de las Palo-
mas, Andalgald, Catamarca.

Liolaemus wiegmanniiUr: FML 16811-816: Piriapolis, Maldo-
nado, Uruguay; FML: 20012: Pajas Blancas, Montevideo, Uru-
guay.

Liolaemus wiegmanniiCba: FML 12476-499: Laguna Oscura,
Rio Cuarto, Cordoba, Argentina.
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