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Geographic and potential distribution of a poorly known South American bat,
Histiotus macrotus (Chiroptera: Vespertilionidae)
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The vespertilionid bat Histiotus macrotus occurs in western Argentina, central regions of Chile and south of Argentina and Chile,
and it may be also present in Bolivia and southern Peru. In this work, we analyzed the geographic and potential distribution of
a poorly known species of South American bat. As a tool, environmental niche modeling has been used to study the distributional
patterns of species and more recently, taxonomic boundaries of cryptic species. We used MaxEnt v 3.3.e, Worldclim database and
a vegetation map, covering the entire area of species’ occurrence. We registered 64 localities from Argentina (43), Chile (10), Peru
(8) and Bolivia (5). We divided recording localities in different datasets according to several taxonomic schemes, and analyzed
potential distribution models separately (i.e., all known records; Argentina-Chile; Peru) in five different models. Models including
all known localities showed a disjoint distribution, with two basic core areas of high predictive values, one in NW Argentina and
another in southern Chile and SW Argentina separated by the South American Arid Diagonal. A third area appeared in Atacama and
Sechura deserts in the models that included Peruvian and Bolivian localities. Model including only Peruvian localities showed the
opposite pattern, with high predictive values only in arid environments from southern Peru. We interpreted that localities correctly
assigned to H. macrotus belong to a taxonomic complex distributed in two contrasting areas, each one inhabited by a different taxon:
1) Bolivia and NW Argentina and 2) S and central Chile and SW Argentina. Given the systematic uncertainty of Histiotus, these two
forms might be sister species or may not share an immediate common ancestor within the genus. Further, we consider that the
specimens from localities referred to H. macrotus from southern Peru should be revised. These alternatives await a comprehensive
molecular phylogenetic analysis of Histiotus.
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INTRODUCTION large tympanic bullae (Anderson, 1997; Handley

and Gardner, 2007). The morphological and geo-

Bats of the genus Histiotus Gervais, 1856 are
endemic to South America (Handley and Gardner,
2007), with seven currently recognized species:
H. alienus, H. humboldti, H. laephotis, H. macrotus,
H. magellanicus, H. montanus and H. velatus (Sim-
mons, 2005). Recent phylogenetic results recovered
Histiotus nested within Eptesicus and so the former
has often been treated as a subgenus of the latter
(Hoofer and Van Den Bussche, 2003; Lack and Van
Den Bussche, 2010). As a group, Histiotus is distrib-
uted from cold areas in the Andes of Colombia
and Venezuela, south to the Straits of Magellan
(Handley and Gardner, 2007). Species of Histiotus
are medium size, have long ears and corresponding

graphic limits among these species are not clearly
understood (Anderson, 1997).

Particularly, Histiotus macrotus (Poeppig, 1835)
has been known to occurr in western Argentina,
central regions of Chile and south of Argentina and
Chile (Barquez ef al., 1999; Handley and Gardner,
2007). Some authors consider the species to be pres-
ent also in Bolivia and southern Peru (Eisenberg and
Redford, 1999; Zeballos et al., 2000, 2001; Acosta
and Venegas, 2006; Aragon and Aguirre, 2014). Hi-
stiotus macrotus presents a dark dorsal and a whitish
ventral coloration, ears and wing membranes darker
than the rest of the body (Barquez et al., 1993, 1999;
Handley and Gardner, 2007; Giménez, 2010). It can
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be distinguished from its congeners by its longer
(> 30 mm) ears (Barquez et al., 1993; Giménez,
2010). The type locality of this species is Bio Bio,
Antuco, Chile (Barquez et al., 1999; Handley and
Gardner, 2007).

Histiotus macrotus may be widely distributed in
western and southern South America, but relatively
few localities exist, and as a consequence the distri-
bution of this species is poorly known. According to
Barquez (2006), it occurs in several eco-regions at
least in Argentina, including Dry Chaco, Espinal,
Southern Andean Yungas, High Monte, Patagonian
Forest, Patagonian Steppe, and Puna. In Chile the
species has been recorded in Chilean Matorral and
Valdivian Temperate Forest (sensu Olson et al.,
2001). Prima fascie those records suggest that the
species is a habitat generalist able to occupy quite
extreme biomes from the desert to the montane rain-
forest, only avoiding lowland wet forest; whether
this is the case requires proper evaluation.

Geographic distribution modeling is a relatively
novel tool for predicting geographic ranges for
species with poorly known distributions, using envi-
ronmental data and recording localities (Godown
and Peterson, 2000; Engler et al., 2004; Guisan et
al., 2006; Phillips et al., 2006). The analysis of
the distribution pattern of a given species helps us
understand its relationship with the environment,
including biotic and abiotic factors (Franklin, 2009).
In this respect environmental niche models (ENMs)
have been recently used to explore ecological niches
of cryptic species related to their taxonomic bound-
aries (Raxworthy et al., 2007; Ahmadzadeh et al.,
2013; Chetan et al., 2014). This is based on the idea
that ENMs might allow identification of specific
patterns of ecological niches between either inde-
pendent lineages or related species (Ortiz-Martinez
et al., 2008).

The goals of this study were to assess: 1) the
potential distribution of H. macrotus in its entire ge-
ographical range; 2) the main environmental and
geographical variables that might affect the distribu-
tion of this species; and 3) the status of Peruvian and
Bolivian records.

MATERIALS AND METHODS

Samples and Taxonomy

We studied the known geographic and modeled the potential
distribution of H. macrotus along its entire known range of
occurrence. To this end, we used recording localities for the
species as currently understood, and applied techniques of
ecological niche modeling as implemented in MaxEnt ver-
sion 3.3.3e (Phillips et al., 2006) using bioclimatic variables

(Hijmans et al., 2005a) and vegetation cover data (Bontemps et
al., 2011).

We first performed the analysis for South America including
record localities from Argentina, Bolivia, Chile and Peru (Ap-
pendix). We included all known localities of H. macrotus that
were obtained from relevant literature sources and from mam-
malian collections of Argentina. We visited the following co-
llections: Instituto Miguel Lillo (CML), San Miguel de Tucu-
man; Coleccion de Mamiferos del IADIZA (CMI), Mendoza;
and Laboratorio de Investigaciones en Evolucién y Biodiver-
sidad (LIEB), Universidad Nacional de la Patagonia ‘San Juan
Bosco’ Sede Esquel, Chubut. Localities without associated geo-
graphical coordinates were geo-referenced with Global Gazet-
teer (http://www.fallingrain.com) and reference maps (e.g., roads,
towns, lakes), and plotted into a geographic information system
(GIS). The analyses excluded localities referred with certainty
to H. macrotus laephotis (Tuttle, 1970; Koopman, 1978; Lopez-
Gonzalez et al., 1998; Lopez-Gonzalez, 2005), given that we
consider H. laephotis as a valid species, distinct from H. macro-
tus (following Barquez and Diaz, 2001, 2009; Simmons, 2005;
Barquez, 2006; Diaz et al., 2011). This is based on well-know
differences in coloration of venter (whitish in H. macrotus ver-
sus yellowish in H. laephotis) and ears (very dark in H. macro-
tus), and external width across M3 (< 7 mm in H. laephotis and
> 7 mm in H. macrotus — Barquez and Diaz, 2001, 2009; Diaz
et al., 2011). In addition, both species have been found in sympa-
try in some localities in NW Argentina (Barquez and Diaz, 2001).

On the other hand, the occurrence of H. macrotus in south-
ern Peru and Bolivia is not entirely clear. Some authors consider
that H. macrotus is distributed only in Chile and Argentina
(Simmons, 2005; Handley and Gardner, 2007), while others
also include Peru and Bolivia (Koopman, 1978, 1982; Eisenberg
and Redford, 1999; Zeballos et al., 2000, 2001; Acosta and
Venegas, 2006; Aragén and Aguirre, 2014). This problem is
mainly a result of the few characters that separate the species
within this genus. Anderson (1997) mentions that this genus is
in need of taxonomic revision and that its morphologic and ge-
ographical limits are uncertain, and for this reason the identifi-
cations must be regarded as tentative. Tuttle (1970) and Koop-
man (1978, 1982) included H. macrotus in the list of bats from
Peru; however, they considered H. macrotus as a synonym of
H. laephotis, or the latter as a subspecies of the former. These
authors also indicated that the subspecies H. m. laephotis is the
one that is present in southern Peru (Tuttle, 1970; Koopman,
1982). As previously stated, other authors consider H. laephotis
as valid and a species distinct from typical H. macrotus, both
species being sympatric in part of their distributions (i.e., north-
west from Argentina — Barquez and Diaz, 2001; Simmons,
2005; Barquez, 2006). To these authors, only H. laephotis would
be present in Peru and Bolivia (Simmons, 2005). According to
Anderson (1997), H. macrotus is not included in the bat list of
Bolivia, although its presence is likely, and Aguirre (2011) did
not include H. macrotus, but did include H. laephotis.

Geographic Model Fitting

The species potential distribution was modeled using
MaxEnt (Phillips et al., 2006), which was chosen because this
program performs better than alternatives with small (<100
records) sample sizes and presence-only data (Elith et al., 2006;
Peterson et al., 2007). This software provides response curves
for each environmental variable, representing predictions on
how each variable affects MaxEnt generated distributions
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(Moratelli et al., 2011). We used environmental variables with
data from 1950 to 2000 and 30 arc-s of spatial resolution or ca.
1 km?. The variables included in the analyses were: altitude;
average monthly minimum, medium, and maximum tempera-
tures; monthly precipitation and the 19 bioclimatic variables
available in the Worldclim database (http://www.worldclim.org
— see Hijmans et al., 2005a). We also used a map of vegetation
cover available in GlobCover 2009 (Bontemps ef al., 2011), with
a spatial resolution of 300 m. In this, each pixel represents a dif-
ferent vegetation type, ranging from bare areas and croplands to
broadleaved forests or urban areas (Bontemps et al., 2011).

In order to assess the potential distribution of H. macrotus
we generated five models: A) including all registered localities
from Argentina, Chile, Peru and Bolivia; B) same but including
only localities after 1950; C) including only localities from
Argentina and Chile; D) same but including only localities reg-
istered after 1950; and E) including only the registered localities
of Peru. Ten replicates were performed for each model, with
25% of recorded localities used as test data, 500 iterations, ran-
dom seed and 10,000 background points. We selected a cumula-
tive output, and for visual mapping we assigned probability val-
ues of 100-51 (black, high prediction), 50-26 (dark gray, high-
medium prediction), 25-11 (gray, medium prediction), 10-2
(light gray, low prediction), and 1-0 (white, null prediction).
We used MaxEnt’s jackknife tests to evaluate variable contribu-
tions. We also evaluated model predictions both with threshold-
dependent and threshold-independent tests, using P-values at
thresholds of 1, 5 and 10; area under curve (AUC), and receiver
operating characteristics, respectively (Phillips et al., 2004,
2006). As we used 25% of the data to test the models, MaxEnt
delivers two AUC values (i.e., AUCtraining and AUC, ). As
the latter is thought not to suffer from the same overfitting prob-
lems as the first (Warren and Seifert, 2011), we presented only
AUC, values. Likewise, to analyze possible overfitting in our
models (which results in high AUC,; ;. but low AUC, val-
ues) we analyzed AUC . as in Warren and Seifert (2011);
a similar methodology has been recently used by Gutiérrez et al.
(2014). We also analyzed the difference between the use of dif-
ferent regularization parameters (i.e., ) of 0.5, 1,2, 3,4 and 5
in Model A. We then evaluated the possible overfitting (between
the different models) with AUC ;;; and performed #-tests for in-
dependent samples. We found no statistically significant differ-
ence (P < 0.01) between the AUC ;. of ENMs performed with
p =1 and the rest of the ENMs using f values, as described
above. Due to these results, we generated all the models with the
default settings of MaxEnt (f = 1). Similar studies in which the
S =1 was chosen as the better regularization parameter include
Cao et al. (2013) and Mason et al. (2014).

The use of ENMs is a highly useful tool to assess possible
limits between related species (see Raxworthy et al., 2007). For
examples of the use of MaxEnt as a tool to study taxonomy be-
tween related species see Ahmadzadeh et al. (2013), Sarkinen et
al. (2013), and Chetan et al. (2014). Lastly, we integrated all the
data in a GIS using DIVA-GIS version 7.5.0.0 (Hijmans et al.,
2005b), and analyzed the distribution of the species in a biogeo-
graphic context, using an eco-regional scheme taken from Olson
et al. (2001), and assigning each locality to a different biogeo-
graphic category.

RESULTS

A total of 64 localities were recorded for H. ma-
crotus, from Argentina, Chile, Bolivia and Peru

(Fig. 1 and Appendix). Marginal occurrence records
were located northward in Lomas de Atiquipa
(15°47°S, 74°16°W), Arequipa department, Peru
(Zeballos et al., 2000); southward in Aysén re-
gion (45°23°59”’S, 72°42°W — Reed, 1940); west-
ward in Concepcion (Concepcion, 36°49°59”’S,
73°02°59”W), Bio Bio region, Chile (Osgood, 1943);
and eastward in Rio Cuarto (33°08’S, 64°18°W),
Cordoba province, Argentina (Barquez et al., 1999).
The westernmost and southernmost localities in
Chile were all registered before 1950. The majority
of records (67%; n = 43) came from Argentina, 16%
(n=10) from Chile, 12% (n = 8) from Peru, and 5%
(n = 3) from Bolivia. Six localities from Chile, one
from Argentina, and none from Peru and Bolivia
were registered before 1950 (Appendix).

Models A to D (Figs. 2 and 3) exhibited a disjoint
distribution for H. macrotus, with two large areas of
mean (25-50%) and high (> 50%) predictive values.
These two core areas (see circles 2 and 3 in Fig. 2A
and 2B; and circles 1 and 2 in Fig. 3C and 3D) were
separated by the South American Arid Diagonal
sensu Bruniard (1982; dotted lines in Figs. 2 and 3),
where predictive values drop below 10%. These
areas differed in minor details across models (see
Figs. 2 and 3). In addition, models A and B recov-
ered a third region in the Atacama desert (Fig. 3) that
was not predicted as suitable habitat when those
records were removed (models C and D — Fig. 3
black arrow). Finally, model E (Fig. 4), which was
based precisely upon those records from the desert,
offered the reciprocal pattern of not predicting other
known distributional areas, but instead suggesting
distant potential areas associated with arid environ-
ments (Fig. 4). Following is a detailed interpretation
of each model in terms of the environmental vari-
ables recovered as most influential.

Twenty variables (with values > 1%) contributed
the most to Model A (90.7% of variance explained),
seventeen variables to Model B (88.3%), 11 vari-
ables to Model C (90.5%), 16 variables to Model D
(88.8%), and 11 variables to Model E (93.1% —
Table 1). The variables with greatest influence in the
distribution of H. macrotus were diverse for each
model; specifically for Model A the main variables
were: August mean temperature (19.3%), precipita-
tion seasonality (12.9%), April precipitation (10%),
vegetation cover (7.3%) and altitude (6.4%); for
Model B: mean temperature of coldest quarter
(16.7%), April precipitation (14.9%), temperature
seasonality (10.4%), altitude (5.9%), and vegetation
cover (5.6% — Table 1); for Model C: temperature
seasonality (34.6%), precipitation seasonality (16%),
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FiG. 1. Record localities for H. macrotus by date. Each number belongs to ‘locality number’ in the Appendix. Capital letters indicate

the eco-regions following Olson et al. (2001): A — Patagonian Steppe, B — Low Monte, C — High Monte, D — Espinal,

E — Humid Pampas, F — Dry Chaco, G — Humid Chaco, H — Southern Cone Mesopotamian, I — Alto Parana Atlantic Forests,

J— Southern Andean Yungas, K — Parana Flooded Savanna, L — Atacama Desert, M — Chilean Matorral, N — Southern Andean

Steppe, O — Valdivian Temperate Forest, P — Magellanic Subpolar Forest, Q — Central Andean Puna. Scale (black bar) =
1,000 km
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altitude (10%), mean temperature of coldest quarter
(9.3%) and vegetation cover (5.8); for Model D:
temperature seasonality (33.6%), precipitation sea-
sonality (13.6%), altitude (12%), vegetation cover
(4.6%) and June minimum temperature (4.1%);
finally, for Model E the variables with highest influ-
ence in the models were: March precipitation
(53.8%), vegetation cover (9.6%), July precipitation
(6.5%), precipitation of wettest month (5.2%) and
June precipitation (4.2% — Table 1).

Jackknife tests showed that the environmental
variables with the highest gain when used in isola-
tion (i.e., that with the most useful information by
itself), were: August mean temperature for Model A;
April precipitation for Model B; minimum temp-
erature of the coldest month for Model C; July

minimum temperature for Model D; and precipita-
tion of the wettest quarter for Model E. The environ-
mental variables that decreased the gain the most
when omitted (i.e., those that contain information
largely not present in the others variables), were
vegetation cover for Models A, B, and C, altitude for
Model D, and July precipitation for Model E (Table
2). Other jackknife tests (e.g., using test gain instead
of training gain, and that using AUC) showed vari-
able results. For Model A, August mean temperate,
August precipitation, September mean temperature
and precipitation seasonality; for Model B, annual
precipitation, September precipitation, April precip-
itation and October precipitation; for Models C and
D, June mean temperature and August precipitation,
for model D, altitude and October precipitation; and

-105 95 75 -60 -45
1 + + + = + jE 13
0 -0
-15] 15
30 30
Atlantic
Ocean
451 -45

FI1G. 4. Model E, potential distribution for H. macrotus using only the registered localities from Peru. Probability values are 10051

(black, high prediction), 50-26 (dark gray, high-medium prediction), 25-11 (gray, medium prediction), 10-2 (light gray, low

prediction), and 1-0 (white, null prediction). Changes with respect to previous, more complete models (Figs. 2 and 3), are marked
as selected areas and black arrows (see Results). Scale (black bar) = 1,000 km
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TABLE 2. Results of the jackknife test of variable importance to the MaxEnt models generated for H. macrotus

Model D Model E

Model C

Model B

Model A

Jackknife test

Test of variable importance

Precipitation of wettest

Minimum temperature July minimum temperature
quarter

April precipitation

August mean temperature

Variable with highest explanatory power

of coldest month
Vegetation cover

July precipitation

Altitude

Vegetation cover

Vegetation cover

Variable with most ‘unique’ information

Test of variable importance using test gain

Precipitation of wettest

month

June mean temperature

June mean temperature

September mean
temperature

Altitude

August mean temperature

Variable with highest explanatory power

July precipitation

Altitude

August precipitation

August precipitation

Variable with most “‘unique’ information

Geographic and potential distribution of Histiotus macrotus 151

Test of variable importance using AUC

Precipitation of wettest

month

June mean temperature

June mean temperature

September mean
temperature
Altitude

September mean
temperature

Variable with highest explanatory power

October precipitation July precipitation

August precipitation

Precipitation seasonality

Variable with most ‘unique’ information

for model E, precipitation of wettest month and July
precipitation (Table 2). All models showed better
predictions than those generated at random, at cu-
mulative values of 1, 5, and 10, with high AUC val-
ues (£ SD): A=0.934+0.031,B=0.963 £ 0.012, C
=0.948 £0.027, D = 0.949 £ 0.027, and E = 0.998
+ 0.002 (Table 3).

From a biogeographical standpoint, the pooled
records of H. macrotus are mostly concentrated in
Southern Andean Yungas (21%, n = 14), Valdivian
Temperate Forest (14%, n = 9), Dry Chaco (14%,
n =9), Sechura Desert (12%, n = 8), High Monte
(11%, n = 7), and Chilean Matorral (9%, n = 6),
sensu Olson et al. (2001). The remaining records are
found in Espinal, Southern Andean Steppe, Pata-
gonian Steppe, Central Andean Puna and Bolivian
Montane Dry Forest, although none exceeding 5%
of total records.

DiscussIoON

Potential Distribution of H. macrotus

As currently understood, H. macrotus is a broad-
ly distributed species in the southern cone of South
America. In spite of this, its distributional records
remain scanty since its description in 1835, a time
along which the species accumulated only 64 re-
cording localities across four large South American
countries. The pooled record set covered an unusu-
ally broad range of biomes, typical of a generalist
occupying habitats from the desert to the montane
cloud forest. However, the application of predictive
distributional models based on environmental and
topographical variables taken at localities of known
occurrence yielded a disjoint distribution that in-
vited revision. In addition, models with localities
recorded after 1950 (B and D), showed a reduction
in some areas of relatively high and medium predic-
tive values as compared with the models generated
with all records (i.e., A and C). This may indicate
a recent reduction of suitable habitat for H. macro-
tus, which requires further inspection and validation
in the field.

Models A to D recovered two principal areas of
high predictive values: one centered in northwestern
Argentina, and another one in central and southern
Chile and southwestern Argentina. These core areas
were disjoint, separated geographically by the South
American Arid Diagonal (sensu Bruniard, 1982).
Differences were also found between the models in-
cluding or excluding localities from Peru. Thus, the
models A and B showed two principal areas and an
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area isolated in Sechura (south of Peru), and
Atacama deserts (north of Chile), which is not re-
covered as part of a potential distribution area when
the records from this area are excluded (Models C
and D). Reciprocally, neither of the two core areas
showed up in Model E, fitted with Sechura and
Atacama data only, suggesting that these records did
not belong in the same set as they are not mutually
predicted. From these results, our interpretation is
that specimens from southern Peru assigned to
H. macrotus may correspond to another species.
H. laephotis is one, perhaps obvious candidate. The
areas of high prediction from southern Peru and
northern Chile in Model E, coincide with distribu-
tion of H. laephotis. This species is distributed in
Bolivia, Paraguay, Southern Brazil, northern Argen-
tina, southern Peru and northern Chile (Anderson,
1997; Lopéz-Gonzales et al., 1998; Acosta and Ve-
negas, 2006; Miranda et al., 2007). The remainder
of specimens assigned to H. macrotus may corre-
spond to a taxonomic complex distributed in two
highly contrasting areas: 1) Bolivia and northwest-
ern Argentina; and 2) south and Central Chile and
southwestern Argentina. We hypothesize that each
area may be populated by a distinct taxon, each
adapted to specific environmental conditions, only
one of them being the form that can be meaning-
fully associated with the type of H. macrotus (as
Nycticeus macrotus Poepping, 1835, distributed in
south and central Chile). Given the systematic un-
certainty in Histiotus, these forms may either be
successive sister species, or may not share an imme-
diate common ancestor within Histiotus. These al-
ternatives remain open to testing with the applica-
tion of molecular phylogenetics to specimens
samples from all three areas and relevant outgroups
(other species of Histiotus and Eptesicus).

Different environmental variables had a distinct
influence in the potential distribution models of
H. macrotus. However, it is important to emphasize
that model composition did agree on at least four
variables, with varying different contribution per-
centages and importance: vegetation cover in
Models A, B, C, D and E; precipitation seasonality,
altitude in models A, B, C and D, and temperature
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seasonality in models C and D. On this basis, we
interpret that these are the four most important
variables globally affecting the distribution of
H. macrotus sensu lato. That is, seasonality of two
key climatic variables (temperature and rainfall),
one key biotic factor (vegetation), and one key geo-
graphic factor (altitude).
Biogeographic Approximations and Climatic
Determinants

The disjunction apparent in all models, i.e., the
area of very low predictive values between the two
core areas, coincided largely with the South
American Arid Diagonal. This region is oriented in
a northwestern to southeastern direction, and ex-
tends from northern Peru in the Pacific coast, to the
Patagonian coast of Argentina in the South Atlantic
Ocean (Bruniard, 1982). This diagonal separates
Neotropical forests from Austral (Subantartic)
forests, and represents a major component of the
South American Transition Zone (Morrone, 2009),
also separating the Neotropical Region from the
Andean Region (Morrone, 2006). The Biogographic
Provinces of Central Andean Puna, Low Monte,
Southern Andean Steppe and Patagonian Steppe,
Atacama and Sechura deserts (sensu Olson et al.,
2001) are included within this Transition Zone. The
models we generated suggest that H. macrotus is
avoiding these environments, which have a dry
climate, a great daily thermal amplitude, and low
vegetation cover (Bruniard, 1982; Morello, 1985;
Mancini et al., 2005). In general, the diversity of
small mammals including bats decreases in these
environments (Ojeda et al, 2000; Ojeda and Ta-
beni, 2009). It is important to emphasize that the
localities of H. macrotus registered in the Sechura
Desert are in fact located only in the coastal valleys
and ‘Lomas’ of mist which are very peculiar envi-
ronments in the desert matrix. These coastal valleys
are located in fluvial plains of permanent rivers
with native vegetation (principally ‘algarrobos’;
Prosopis spp., Fabaceae) and crops (Ferreyra, 1983;
Morello, 1985). The ‘Lomas’ are environments
of evergreen scrubs specialized in the capture and

TaBLE 3. Results of predicted areas for cumulative threshold values of 1, 5, and 10 for the five models (A-B-C-D-E) generated

. Model A Model B Model C Model D Model E
Cumulative ; - ; ; -
Fractional Fractional Fractional Fractional Fractional
threshold . P ] P . P . .

predicted area predicted area predicted area predicted area predicted area
1 0.3286 0 0.2879 0 0.2248 0 0.2328 0.001 0.0065 0.131
0.1780 0 0.1631 0 0.1258 0 0.1242 0 0.0044 0.254
10 0.1132 0 0.1072 0 0.1242 0 0.0783 0 0.0033 0.253
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retention of water from oceanic mist (Ferreyra,
1983; Morello, 1985; Zeballos et al., 2000; Aragdn
and Aguirre, 2014). In many areas, this mist is the
only source of water (Ferreyra, 1983; Morello, 1985;
Zeballos et al., 2000; Sotomayor Melo and Jiménez
Milén, 2008). These particular environments allow
the presence of a few bats species that live in other-
wise extreme climatic conditions; H. macrotus has
been cited among them (Zeballos et al., 2000, 2001;
Aragoén and Aguirre, 2014). However, theses speci-
mens and localities need to be revised, since they
can correspond to H. laephotis (see above).

Together with the South American Arid Diagon-
al, the Andes Mountains are one of the most promi-
nent geomorphologic and climatic barriers of the
Southern Cone (Ponce ef al., 2002). In this sense,
the Peruvian Andes are an important barrier to fau-
nal dispersal in general and bat dispersal in particu-
lar, between the eastern plains and the Pacific coast
(Koopman, 1978). It is apparent that the high Andes
act as a barrier separating the areas of potential dis-
tribution for H. macrotus in northern Argentina and
Chile. In this region, the Andean montane environ-
ments, including the Central Andean Puna and
Central Andean Dry Puna (sensu Olson et al., 2001),
exhibit extreme climatic conditions, with altitudes
generally above 3,000 m a.s.l,, cold weather and
permanent snow in mountain tops (Morello, 1985;
Burkart ef al., 1999). The mean annual temperature
varies between 0° and 6°C with a high thermal am-
plitude, while precipitation ranges between 120 to
350 mm (Morello, 1985). The models showed null
to very low predictive values of presence in these
environments, which can represent an effective bar-
rier for the species. Its absence from environments
with great daily thermal amplitude and poor vegeta-
tion cover may reflect major ecological as well as
physiological limitations for H. macrotus popula-
tions (see McNab, 1983). Morever, H. macrotus
possesses wings that are typical of bats capable of
slow and highly maneuverable flight (Canals et al.,
2005; Giménez, 2010), which are also typical of
poor dispersers and migrators (Norberg and Rayner,
1987; Jones et al., 2003).

The potential distribution as estimated from our
models A and B (with northern localities considered)
versus models C and D (with northern localities re-
moved), differ in details of predicted areas of occur-
rence (especially the occurrence in Bolivia), and
also in the eco-regions of predicted occurrence.
Models C and D showed that H. macrotus inhabit
mainly forested areas (Southern Andean Yungas,
Dry Chaco and Valdivian Temperate Forest), and

environments with intermediate vegetation coverage
such as the High Monte and Chilean Matorral, with
only marginal presence of the species in environ-
ments such as the Patagonian Steppe. Forested envi-
ronments concentrated a greater number of locali-
ties. These environments are characterized by being
highly heterogeneous (Laclau, 1997; Burkart et al.,
1999; Brown, 2009; Pacheco et al., 2010; Malizia et
al., 2012), presenting high seasonality in tempera-
ture and precipitation (Laclau, 1997; Paruelo et al.,
1998; Burkart et al., 1999; Naumann, 2006; Pache-
co et al., 2010; Malizia et al., 2012). The vegetation
of these eco-regions changes composition with both
altitude and latitude and are highly heterogeneous
across the geography (Laclau, 1997; Brown, 2009;
Pacheco et al., 2010; Malizia et al., 2012). In ad-
dition, the forested eco-regions present stratified,
dense vegetation cover (e.g., Southern Andean Yun-
gas and Valdivian Temperate Forest). The wing mor-
phology of H. macrotus allows its movements in
these types of environments.

In conclusion, the potential distribution of H. ma-
crotus sensu lato, as estimated with predictive mod-
els that use climatic and geographic variables from
sites of known occurrence, may be consistent with
the existence of three distinct taxa, each inhabiting
a different set of neighboring eco-regions, rather
than with a single taxon that is a habitat generalist
able to occupy extremely different environments of
the South American Southern Cone. The two major
regions of predicted occurrence are separated by
the South American Arid Diagonal, and also by the
high Andes, generating a population in northwestern
Argentina and southern Bolivia, and another popula-
tion in southwestern Argentina and Central Chile.
The South American Arid Diagonal could have
acted as a barrier disjoining the H. macrotus distri-
bution, perhaps leading to allopatric speciation. The
Andean barrier lowers in Central Chile and permit-
ted East-West population exchange. These hypothe-
ses derived from the modeled potential distribu-
tion await testing applying techniques of molecular
systematics with samples from all three regions and
relevant outgroups, including other Histiotus spe-
cies. In addition, the localities from southern Peru
are also isolated and were not predicted as areas of
occurrence for H. macrotus in models without these
localities; for this reason we consider that the speci-
mens from these localities should be revised.

According to this, morphological and molecular
analyses would be necessary not only for H. macro-
tus (i.e., northern vs. southern populations), but for
Histiotus as a whole. However this work aimed to
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provide a framework for future studies that could
increase the number of records for the species
throughout its range, providing new information that
may corroborate the results that we report; and for
exploration of areas where the potential models sug-
gest that the species might occur. It is very important
to develop morphological and molecular studies
to clarify the taxonomic boundaries of Histiotus
species.

In general, predictive models of species geo-
graphic distributions are important for a variety of
applications in ecology and conservation (Godown
and Peterson, 2000; Papes and Gaubert, 2007; Thorn
et al.,, 2009; Urbina-Cardona and Flores-Villela,
2010; Moreno et al., 2011). In this sense, H. macro-
tus has been classified in the Least Concern category
of the Red List of Theatened Species (Barquez and
Diaz, 2008) and Red Book of Argentine Mammals
(Ojeda et al., 2012); however our knowledge on dis-
tribution, natural history, ecology and populations
status its highly incomplete. For this reason, al-
though our results are exploratory, they should be
very useful to establish future lines or research.
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