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Abstract

Alsodes pehuenche, an endemic anuran that inhabits the Andes of Argentina and Chile, is considered “Critically Endangered” due 
to its restricted geographical distribution and multiple potential threats that affect it. This study is about the natural history of A. pe-
huenche and the physicochemical characteristics of a breeding site located in the Maule mountain range of central Chile. Moreover, 
the finding of its clutches in Chilean territory is reported here for the first time. Finally, a description of the number and morphology 
of these eggs is provided.
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The Andean border crossing “Paso Internacional Pehu-
enche” (38°59'S, 70°23'W, 2553 m a.s.l.) is a bioceanic 
corridor that connects the Región del Maule (Chile) with 
the Provincia de Mendoza (Argentina). This route stands 
out as a high mountain landscape, with a Mediterranean 
continental pluvistational climate that is characterized by 
snow-type precipitation, which allows the accumulation 
of water reserves between April and December (Becerra 
and De Rurange 2018). Likewise, this geographical area 
is characterized by strong permanent winds, whose inten-
sity varies due to the steep slopes of the mountainsides 
and the abundant rocky outcrops (Ruiz 2010). The spring 
thaw waters and the environmental characteristics make 
up an ecosystem known as highland wetland (i.e., high-
land drainage basin), where the predominant plant species 
belong to the Apiaceae family. A high density of branches 
and leaves characterizes these plants, with short internodes 

and long roots arranged in the form of cushions, hence the 
name “cushion plants” (Badano et al. 2002; Arroyo et al. 
2003; Badano 2006). This type of vegetation could be of 
importance for different biological aspects in anurans that 
inhabit the Andean wetlands. For example, Alsodes pehu-
enche adult specimens use the underground cavities (tun-
nels) formed in these vegetative patches to hide during 
sunny hours (Correa et al. 2013; Herrera and Velásquez 
2016a), but may also host reproductive encounters since 
clutches adhered to the walls of these tunnels have been 
reported (Corbalán et al. 2014). On the other hand, these 
Andean wetlands are temporary water ecosystems fed by 
streams that originate from the slow snowmelt during the 
summer, since in winter they can be filled up with up to 
four meters of snow (Corbalán et al. 2010). In summer, 
the temperatures of these streams can reach 19 °C at noon 
(Corbalán et al. 2010), while the air temperature for the 
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warmest month (January) can reach 21.5 °C (Corbalán 
et al. 2014). In addition, nighttime stream and air tem-
peratures (February) of 6.2 °C and 5.5 °C, respectively, 
have been reported (Herrera and Velásquez 2016a). In au-
tumn, water temperatures of -0.5 °C have been recorded 
(Corbalán et al. 2010), while in winter, there have been 
air temperature recordings of -6.2 °C during the coldest 
month (August) (Corbalán et al. 2014).

Alsodes pehuenche Cei, 1976 (Anura, Alsodidae) is 
a species that inhabits the Andean wetlands of Argenti-
na and Chile, which shows a very narrow geographical 
distribution range and a very high level of endemism 
(Corbalán et al. 2008, 2014; Correa et al. 2013, 2018). 
Furthermore, it is categorized as “Critically Endangered” 
(CR) according to the criteria of IUCN SSC Amphibian 
Specialist Group (2019), since this anuran and its hab-
itat are faced with multiple threats, such as: the paving 
of the CH-115 international highway, the contaminant 
particulate material of vehicles, and the impact of do-
mestic livestock trampling, domestic tourism waste and 
the change in hydrological cycles resulting from climate 
change (Corbalán et al. 2010; Correa et al. 2013; Lobos 
et al. 2018); the use of salts to snowmelt during the winter 
(Corbalán et al. 2014); and the confirmed presence of the 
chytrid fungus (Bd) in frogs caught in Chilean streams, 
adjacent to the localities of the border crossing “Paso In-
ternacional Pehuenche”, Laguna del Maule and Lo Agu-
irre (Dayana Vásquez pers. comm., unpublished data).

At present, few studies have delved deeply into the bi-
ology and natural history of A. pehuenche. Notwithstand-
ing, these have allowed the revelation of some interesting 
features about this amphibian, such as the following: its 
complete larval development can take at least four years 
(Corbalán et al. 2014); adult specimens can inhabit gal-
leries submerged in streams or in wet caves formed on 
waterfall walls up to one meter tall, which they access 
by climbing (Herrera and Velásquez 2016a); in addition, 
this anuran shows a notorious sexual dimorphism in adult 
stages (Cei 1965, 1976; Cei and Roig 1965; Herrera and 
Velásquez 2016b). However, our knowledge concerning 
this species is still limited.

In order to advance our knowledge of this species, 
we monitored a specific breeding site (250 × 70 meter 
transect, approximately) of A. pehuenche located on the 
south side of the CH-115 Chilean international route in 
the Provincia de Talca, Región del Maule (35°59'56.1"S, 
70°24'12.3"W; Fig. 1). This area was visited during the 
reproductive period of A. pehuenche (December 2016, 
January, March, May and December 2017 and January 
2018), since during these months, access to the study site 
(i.e., open border crossing) is always ensured (Cei and 
Videla 2003). Several physicochemical parameters of air 
and water were recorded in one of the Andean wetland 
streams (“monitoring site”; Fig. 2A), during each of the 
field expeditions (e.g., once per month). We recorded 
water temperature, pH, electrical conductivity, salini-
ty and total dissolved solids (Multi-Parameter Testr35, 
Oakton Instruments), along with air temperature and 

relative humidity (Precision Psychrometer RH390, Ex-
tech Instruments). All measurements were conducted be-
tween 1:00 p.m. and 2:00 p.m., recording a single value 
(no replicate) for each of them. In addition, a search for 
adult specimens and/or clutches was carried out on each 
of the field expeditions. Aquifer chambers under the veg-
etation and the ventral face of submerged flat stones in 
streams were investigated along the transect area (Fig. 
1). The clutches found were photographed for their reg-
istration and the number of eggs for each of the clutches 
was estimated in situ.

During our monitoring, we observed that the different 
streams that feed the study site are of the lotic and smooth 
flow type, as Becerra and De Rurange (2018) had already 
reported. Table 1 shows all recorded values for the meas-
ured physicochemical parameters on each of the monitor-
ing dates, as well as their average values (mean ± stand-
ard error). Likewise, we observed A. pehuenche larvae in 
different larval developmental stages (i.e., pre-metamor-
phic and metamorphic stages), occupying the widest and 
deepest areas of these streams. In addition, A. pehuenche 
adult specimens (males and females) were observed on 
every field expedition to the monitoring site. However, 
only five clutches (separated from each other by approxi-
mately 30–40 meters) were found exclusively on the field 
expedition carried out on December 21, 2017. During that 
year, the Pehuenche border crossing was reopened on No-
vember 1st, but by then there was still snow on both sides 
of the CH-115 international route, since it began to melt 
only in mid-November (Jaime Campos pers. comm., Pe-
huenche Border Complex Administrator, Chile).

All clutches registered in this study had a compact 
cluster shape and were found adhered to the underside 
of the vegetative substrate (Fig. 2B) or flat stones (Fig. 
2C), but in both cases, semi-submerged in the water 
and protected from the sun. In order to photograph the 
clutches, part of the vegetative substrate was removed 
and the flat stones were turned over since the clutches 
were always found adhered to the underside of the sub-
strate and protected from the sun. Sectors of the stream 
where the clutches were found were less than 60 cm, 
both deep and wide. In addition, A. pehuenche larvae in 
different developmental stages were found in other sec-
tors of the stream. However, no recently hatched larvae 
were found on the January 2018 expedition. Eggs were 
spherical and each delimited by its own translucent 
vitelli. In addition, the embryos were whitish in color 
(Fig. 2D) and were close to the hatching event (i.e., at 
developmental stages 18 and 19, Gosner 1960). The 
number of eggs from only two selected clutches was 
counted, resulting in approximately 500 and 200 units 
(Fig. 2B, C), respectively. The presence of a single A. 
pehuenche adult male specimen was observed in each 
of the clutches found (Fig. 2C).

As far as we know, there are only two published stud-
ies on this species, where environmental parameters were 
analyzed at a breeding site located on the eastern slopes 
of the Argentinean Andes (Corbalán et al. 2008, 2010); 
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Figure 1. Geographical location of the study site in the Andes mountain range (small red square on the map; 35°59'56.1"S, 
70°24'12.3"W) and panoramic view of the monitoring site inhabited by Alsodes pehuenche. This habitat corresponds to a system of 
Andean wetlands, with streams of varied flow and vegetative patches in which the Mulinum spinosum (“neneo”) plant predominates. 
The ESRI satellite image shows the georeferenced study site (white circle) and the monitored transect area (rectangle).
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Table 1. Recording of the air and water physicochemical parameters of an Andean stream inhabited by Alsodes pehuenche in cen-
tral Chile. Date = month/day/year; Average values = mean ± standard error; T = temperature; RH = relative humidity; TDS = total 
dissolved solids; µS = micro-Siemens; ppm = parts per million.

Date Air Water
Tair (°C) % RH Twater (°C) pH Conductivity (µS) TDS (ppm) Salinity (ppm)

22/12/16 19.6 32.4 20.7 7.83 34.2 21.2 14.7
24/01/17 21.5 33.3 22.6 7.74 49.8 35.5 20.4
15/03/17 16.5 36.8 12.1 7.76 34.5 24.5 20.9
04/05/17 13.3 29.3 5.6 9.26 41.7 29.6 20.4
21/12/17 20.1 24.8 18.6 7.54 32.6 23.0 19.6
18/01/18 19.3 20.4 19.4 7.23 40.2 28.6 24.2
Average values 18.4 ± 1.22 29.5 ± 0.02 16.5 ± 2.62 7.9 ± 0.29 38.2 ± 2.64 27.1 ± 2.14 20.0 ± 1.25

Figure 2. A) Detail of the stream monitored at the study site. B) An Alsodes pehuenche clutch adhered to the vegetative substrate. 
C) Another clutch adhered to the ventral face of a flat stone (the stone was turned over to take the photograph). Both clutches were 
in direct contact with the flow of the Andean wetland streams. In addition, an A. pehuenche adult male specimen, who was found 
next to this clutch, is shown. D) Detail of one of the clutches found is shown.

however, only two of the parameters reported are compa-
rable to our study. The characterization of the Argentine-
an streams showed pH values ranging from 6.08 to 7.66 
and temperatures of up to 19 °C at noon. In the current 
study, the measurement of the Chilean stream parameters 
showed a low dispersion for the recorded data during the 

summer months (December to March), with average val-
ues of water pH and temperature of 7.6 ± 0.11 and 18.7 ± 
1.78 °C, respectively. These values were similar to those 
reported by Corbalán et al. (2010). However, in our study 
the water temperature decreased to 5.6 °C and the pH in-
creased dramatically to a value of 9.26 during May 2017 
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(autumn). Such decrease in temperature and increase in 
pH may be linked to the snowfall that occurred weeks 
before the measurement. It has been documented that the 
increase in pH could be related to salt leaching in the soil 
due to precipitations (Henao and Bernal 2011). Further-
more, traffic road sediments (rich in elements such as Pb, 
Cu, Mo, among others) could be deposited in the Andean 
wetlands; therefore, this may alter the chemical proper-
ties of stream water (Corbalán et al. 2010).

On the other hand, A. pehuenche egg clutches are 
very difficult to find and have only been reported twice 
(by Corbalán et al. 2014 and in this study). In our case, 
the finding of clutches in early summer could indicate 
that adults of this species begin their reproductive sea-
son precisely at the end of November or beginning of 
December, just when the snow is about to melt com-
pletely. Corbalán et al. (2014) estimated a number of 
eggs per clutch probably close to 100 units, which is a 
lower value than that reported in our study. This could 
be because the aforementioned authors did not find 
clutches as such, but rather found a gravid female who 
released her eggs spontaneously during its manipula-
tion. Regardless of those results, our recording of the 
number of eggs per clutch is within the range of other 
related species, such as Eupsophus emiliopugini (Úbeda 
and Núñez 2006). Moreover, the presence of a single A. 
pehuenche adult male specimen in each of the clutch-
es found could suggest the existence of a reproductive 
strategy associated to the parental care, a mechanism 
which has been reported in other anurans present in 
Chile, such as the case of the Eupsophus, Batrachyla 
and Rhinoderma genera (Soto et al. 2008). For example, 
Úbeda and Núñez (2006) have reported that Eupsophus 
calcaratus, E. emiliopugini and E. nahuelbutensis adults 
remain for prolonged periods of time near the fertilized 
eggs, a fact that is associated with a marked decrease in 
the body mass of these anurans. However, we need more 
evidence to confirm our assumption.

In conclusion, our study shows that the environmental 
characteristics evaluated at the monitored breeding site 
are similar to those reported in the populations of A. pe-
huenche that inhabit Argentinean territory. In addition, 
this study reveals the discovery of clutches of A. pe-
huenche in Chilean territory. However, our observations 
showed differences in the characterization of the number 
of eggs per clutch. The presence of males at the clutch 
sites opens up the possibility of a parental care behavior 
in this species.
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