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Introduction

The use of specific microhabitats by a species is 
one of the mechanisms that enable the maintenance of 
high population density and optimum exploitation of 
available resources (Schoener 1974; Toft 1985).  Some 
habitats are physically complex and provide qualitatively 
different living space to that available in physically 
simple habitats.  Such diversity of living space should 
increase the number of niches and consequently increase 
species richness (Douglas and Lake 1994; Downes et al. 
1998).

In aquatic environments, the presence of macrophytes 
increases habitat complexity and creates a wide range 
of niches that support more diverse and abundant 
communities than do non-vegetated areas (Grenouillet 
et al. 2002; Tarr and Babbitt 2002; Phiri 2010; Thomaz 
and Cunha 2010).  The structural complexity created 
by macrophytes provides shelter, feeding sites, and 
physical structure for breeding and/or nesting for aquatic 
animals, as well as a substrate for periphyton and small 
associated animals (Cronin et al. 2006; Menone 2015).  
Rocky bottoms and surface irregularities such as pits, 

crevices, moss, and other projections create structural 
complexity that may affect food supply and provide 
shelter, and have been recognized to exert significant 
influence on the abundance and diversity of benthic 
invertebrates (Taniguchi and Tokeshi 2004).

Amphibians may display distribution patterns 
among microhabitats according to the requirements 
of their different developmental stages (Alford 1986; 
Holomuzki 1986; Warkentin 1992).  The use of different 
microhabitats has been widely documented for tadpoles 
and post-metamorphic individuals (Alford and Crump 
1982; Parris 2001; Hamer et al. 2002; Nájera-Hillman 
et al. 2009; Genova 2011).  Atelognathus patagonicus 
(Batrachylidae) is an endemic frog from north-western 
Argentinean Patagonia.  It is classified as Endangered by 
the International Union for the Conservation of Nature 
(IUCN 2010).  It lives in permanent and temporary 
water bodies in a system of endorheic (i.e., no outlet) 
ponds located on the arid basalt plateaus of Laguna 
Blanca National Park (LBNP) and surrounding areas in 
mid-western Neuquén Province (38°55´S to 39°08´S; 
70°05´W to 70°30´W; Cuello et al. 2006, 2009b), 
Argentina.  
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Atelognathus patagonicus has two morphotypes 
(Cei and Roig 1968).  The aquatic form (Fig. 1A) has 
well developed cutaneous folds, extensive interdigital 
membranes, and an orange-yellow ventral surface, 
whereas the littoral form has small cutaneous folds, less-
developed interdigital membranes, and a grayish ventral 
surface (Fig. 1B).  Cuello et al. (2008) discovered that 
the two A. patagonicus morphotypes described above 
are reversible, and that individuals are able to change 
morphology to both aquatic and terrestrial environments 
in response to environmental changes.  When the 
aquatic morphotype is expressed, the entire life cycle 
of A. patagonicus can take place in the water, which 
means that all ontogenetic stages can coexist in the same 
environment, and only metamorphs leave the water for 
a short time.  The aquatic morphotype predominates in 
the population when there is water in the ponds (Cuello 
et al. 2008).  In permanent ponds, tadpoles present two 
strategies (Fig. 1C): seasonal tadpoles (short larval 
period, metamorphs in the same growing season) and 
overwintering tadpoles (long larval period, tadpoles 

undergoing metamorphosis the following spring; Cuello 
et al. 2014).

On the shores of ponds inhabited by A. patagonicus, 
there are columnar basalt cliffs alternating with areas of 
medium to large overlapping volcanic rocks and gently 
sloping areas with fine sediment, sometimes combined 
with coarse sediment (Cei and Roig 1966; Roquero 1968; 
Villamil and Testoni 2012).  These different substrates 
create a variety of aquatic habitats in the peripheral zone 
of the pond.  In particular, the rocky bottom provides 
shelter and enables the development of periphyton and 
a variety of microfauna (Cuello et al. 2009c).  In the 
central zone of the pond, the noticeable development of 
submerged rooted Andean Watermilfoil (Myriophyllum 
quitense) increases the structural complexity of these 
ponds (Cei and Roig 1966; Daciuk 1968).

Knowledge of the microdistribution of A. 
patagonicus, particularly in water, is limited.  Available 
information is particularly incomplete regarding 
potential differing use of pond microhabitats, and 
associated micro-distribution patterns with ontogeny.  

Figure 1. A) Adult Atelognathus patagonicus of aquatic morphotype; notice the well-developed cutaneous folds, extensive interdigital 
membranes, and orange-yellow ventral surface. B) Adult of littoral morphotype; notice the small cutaneous folds, little developed 
interdigital membranes, and a grayish ventral surface. C) Tadpoles belonging to different classes of development: a = Class I, b = Class II, 
c = Class III, d = Class IV . (A, photographed by Carmen Úbeda; B, photographed by Manuela Calvo; and C, photographed by Gonzalo 
Ignazi).
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In ponds with environments where there are different 
types and levels of structural complexity, the different 
A. patagonicus developmental stages could be expected 
to use a range of microhabitats in distinctive ways.  
Thus, the overall aim of this study is to investigate the 
spatial distribution of various developmental stages 
of A. patagonicus in the aquatic environment, and 
assess the relative importance of each microhabitat for 
providing conditions appropriate for the persistence of 
individuals and the population.  Such information would 
guide the implementation of measures to preserve the 
environmental conditions essential to the conservation 
of the species.  With this aim, we analyzed the use of the 
aquatic environment in a pond typical of the system and 
inhabited by A. patagonicus, and characterized by high 
environmental complexity.

Materials and Methods

Study site.—We conducted the study in Laguna 
Verde pond in Laguna Blanca National Park, Neuquén 
Province, Argentina (39°01’S, 70°23’W, 1,250 m above 
sea level; Fig. 2).  This pond is located in a flat basin.  The 
water level varies noticeably, both seasonally and from 
year to year, with complete drying in some exceptional 
years.  As a result of fluctuation in level, during the 
decade 2000−2010, pond surface area ranged from 15 to 
21 ha and the perimeter ranged from 1.5 to 2.5 km.  We 
recorded maximum depth (4.5 m) in February 2004 and 
January 2006.  The pond freezes over in winter, while at 
midday in summer the water temperature at the surface 
may be over 20° C. Westerly winds, which favor erosion, 
are frequent and particularly strong and dry in spring and 

Figure 2. Laguna Verde Pond, Laguna Blanca National Park, Neuquén Province, Argentina.  A) General view. Notice the reddish ring of 
the macrophyte Myriophyllum quitense.  B) Rocky microhabitat in the peripheral zone.  C) Segment of the M. quitense ring in the central 
zone, where the macrophyte grows and forms a complex three-dimensional structure.  (A, photographed by Gonzalo Ignazi; B and C, 
photographed by María Elena Cuello).
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summer.  Gusts of wind stronger than 100 km/h increase 
the waves.  Plentiful macrophytic vegetation tends to 
reduce water movement and promote the capture and 
stabilization of nutrients, forming sediments (Cronin et 
al. 2006).  The water is turbid due to suspended matter 
and microscopic algae (Cuello et al. 2009c).

In the pond we identified a peripheral zone and a 
central zone, each with its own particular microhabitats 
(Fig. 2; Appendix).  The peripheral zone goes from the 
shoreline to the outer edge of the rooted Myriophyllum 
quitense aquatic vegetation. The central zone goes from 
the latter point to the interior of the pond. The peripheral 
zone is composed of 32% large overlapping boulders 
(≥ 45 cm; Fig. 2B), 42% fine sediment with herbaceous 
plants, 17% boulders and cobbles scattered over fine 
sediment, and 9% M. quitense and Tetrachondra 
patagonica. Myriophyllum quitense (Haloragaceae) is 
a submerged rooted macrophyte that grows in small 
clumps.  Tetrachondra patagonica (Tetrachondraceae) 
is a pygmy species typical of Mallines (flood meadows) 
surrounding the ponds with decumbent stems, forming 
dense turf (Villamil and Testoni 2012).

In the central zone, M. quitense flourishes, forming a 
ring parallel to the shore, which can be seen very clearly 
in summer (Fig. 2C).  Within the ring it forms dense 
clumps, branching out in a complex three-dimensional 
structure.  Branches are often broken off by waves and 
washed to shallow waters and eventually to the shore, 
where they create a drift line of rotting vegetation.  
In late summer and early autumn the plants become 
senescent, with leaves and stems dying, contributing to 
additional detritus and water turbidity.  The following 
spring they sprout again and recover their foliage.

The most abundant aquatic vertebrates are the frog 
(A. patagonicus), which lives in the pond permanently, 
and many migratory aquatic birds, among which are 
grebes (Podiceps occipitalis and Rollandia roland) that 
prey on A. patagonicus (Cuello et al. 2005).  Like all 
ponds inhabited by A. patagonicus, Laguna Verde hosts 
no fish.  Laguna Verde pond is protected from grazing 
and trampling by livestock present in the area by a 
woven wire perimeter fence built by the Laguna Blanca 
National Park in 2004 (Trova and Galván 2012).

Field methods. —We characterized the microhabitats 
in the peripheral and central zones in the pond by three 
physical or abiotic variables (depth, slope, and substrate 
type) and three biotic variables (M. quitense plants, 
drifting M. quitense branches, and filamentous algae).  
We calculated the bottom slope in degrees and describe 
substrate types according to grain size following 
Wentworth’s grain size classification (Wentworth 1922).  
We classified 10 aquatic microhabitats in this pond: 
four in the peripheral zone and six in the central zone 
(Appendix).  In the central zone, which is deeper, we 

distinguished three microhabitats at different depths 
within the ring of aquatic vegetation and another three 
microhabitats at different depths of the water column in 
non-vegetated open areas.

We sampled tadpoles and frogs in January 2006, 
using plastic funnel traps (11 cm diameter, 30 cm long) 
with a single funnel.  Animals enter traps via an inward-
directed plastic cone 8 cm long.  Mouth and apical 
openings were 11 and 2.5 cm in diameter, respectively.  
This method has proven to be effective for sampling 
aquatic amphibians (Shaffer et al. 1994; Smith and 
Rettig 1996; Holomuzki 1986) and was used in previous 
A. patagonicus sampling for capturing different aquatic 
stages (Cuello et al. 2008, 2009a,c, 2014).  All sampling 
sessions lasted from late afternoon to early morning.

Sampling.—We placed 30 aquatic traps in each 
microhabitat type in the peripheral zone, arranged in 10 
sets of three traps.  We placed each set perpendicular 
to the shoreline.  The sets rested horizontally on the 
bottom, not deeper than 0.8 m, and were spaced at 5 m 
intervals from each other (Shaffer et al. 1994).

We sampled in the central zone in vegetated areas and 
open areas devoid of vegetation.  We arranged funnel 
traps in vertical sets of three traps to provide data from 
three levels: top (0.2 m), mid-depth (0.8 m), and bottom 
(2.5−4.5 m deep).  We used a row boat to place the sets 
of traps at 5 m intervals: eight in vegetated areas and 
seven in areas without aquatic vegetation.  The traps in 
each set were joined by a rope.  In each set, the surface 
trap was attached to two buoys and the deep trap was 
anchored to the bottom with two weights.

We counted the individuals collected and recorded 
their developmental stage (Gosner 1960) with the aid 
of a magnifying glass (8 ×), after which we released 
them at the sites where we had captured them.  We 
grouped the tadpoles and metamorphs into six classes, 
following Cuello et al. (2014): tadpoles: Class I (stages 
26−30), Class II (stages 31−34), Class III (stages 
35−37), Class IV (stages 38−41), and Class V (stages 
42−45); and metamorphs: Class VI (stage 46).  Post-
metamorphs, including juveniles and adults, formed 
Class VII, in which we included both aquatic and littoral 
morphotypes.

Statistical analysis.—We calculated relative 
abundance (expressed as individuals/trap) for each 
developmental class in each microhabitat.  To test 
whether there were differences in relative abundance 
of individuals among the different microhabitats in 
each zone, we used the non-parametric Kruskal-Wallis 
test (because the data did not meet the assumptions of 
normality) and Tukey’s test for a posteriori multiple 
comparison (Zar 1984).  In the central zone, we 
compared relative abundance of individuals between 
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vegetated and non-vegetated areas, as well as among 
depths.

Within each zone (peripheral or central) we 
compared relative abundance of individuals from 
each developmental class among microhabitats using 
Kruskal-Wallis.  For a posteriori multiple comparisons, 
we used Tukey’s test in the peripheral zone and Dunn's 
Method in the central zone.  In the central zone, we used 
Dunn's Method to compare between vegetated and non-
vegetated areas, as well as among depths (Zar 1984).

Results

Distribution of individuals per microhabitat in the 
peripheral zone.—We captured 743 individuals in the 
peripheral zone, mainly in the rocky microhabitat and 
the vegetated microhabitat (Fig. 3).  We found tadpoles, 
metamorphs and post-metamorphs in the rocky 
microhabitat, and mainly tadpoles in the vegetated 
microhabitat.  All post-metamorphic individuals captured 
in the peripheral zone were of the aquatic morphotype.  
Overall, the relative abundance of individuals differed 
significantly among microhabitats (H = 57.36, df = 

3, P < 0.001).  The number of tadpoles in rocky and 
vegetated microhabitats differed significantly from the 
number in mixed and sandy microhabitats (Table 1).

We found a high proportion of Class I tadpoles in the 
vegetated microhabitat (Fig. 4).  Class I was very poorly 
represented in the whole capture sample.  Abundance 
of Class II tadpoles was highest in the vegetated 
microhabitat (Fig. 4).  Overall, the relative abundance 
of Class II tadpoles differed significantly among 
microhabitats (Table 2).  The number of individuals in 
vegetated and other microhabitats differed significantly 
(Table 2).  Abundance of Class III tadpoles was highest 
in the vegetated microhabitat followed by rocky (Fig. 4).  
Relative abundance of individuals differed significantly 
among the four microhabitats (Table 2).  For Class 
III tadpoles, there were significant differences in the 
number of individuals between vegetated and the other 
three microhabitats, and between rocky and sandy 
microhabitats (Table 2).

We captured Class IV tadpoles in three microhabitats 
in the peripheral zone.  Their abundance was highest in 
the rocky and vegetated microhabitats (Fig. 4).  There 
were significant differences in the number of Class 
IV tadpoles recorded among microhabitats and the 
number in vegetated and rocky microhabitats differed 
significantly from the other two microhabitats (Table 2).  
We captured Class V tadpoles in three microhabitats.  
They were most abundant in rocky and mixed 
microhabitats (Fig. 4).  The number of Class V tadpoles 
in different microhabitats differed significantly and 
the relative abundances differed significantly between 
rocky and other microhabitats (Table 2).

We captured a high proportion of the metamorphs 
(Class VI) in the rocky microhabitat (Fig. 4).  Class 
VI was very poorly represented in the captures.  We 
recorded post-metamorphic individuals (Class VII) 
mainly in the rocky microhabitat.  Captures in mixed 
and in vegetated microhabitats were low (Fig. 4).  The 

Figure 3. Abundance (number of individuals per trap) of Atelognathus patagonicus in microhabitats in the peripheral zone of the Laguna 
Verde pond, Laguna Blanca National Park, Neuquén Province, Argentina, by developmental group (tadpoles, metamorphs, and post-
metamorphs) in January 2006.  Total number of individuals in each microhabitat is indicated at top of each bar.  The designation Mixed 
is a habitat that is a combination of rocks and sand.

Table 1. A posteriori multiple comparison method (Tukey test; 
q) of relative abundance (individuals/trap) of the microhabitats of 
Atelognathus patagonicus in the peripheral zone of the Laguna 
Verde pond, Laguna Blanca National Park, Neuquén Province, 
Argentina, in January 2006.  The designation Mixed is a habitat 
that is a combination of rocks and sand.  Asterisks indicate a 
significant difference at P ≤ 0.05.
Comparison q

Rocky vs. Mixed 4.28*

Rocky vs. Sandy 7.59*

Rocky vs. Vegetated 1.65

Vegetated vs. Mixed 5.93*

Vegetated vs. Sandy 9.24*

Mixed vs. Sandy 3.31*
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number of post-metamorphic individuals in the four 
peripheral microhabitats differed significantly with the 
number in rocky microhabitats differing significantly 
from sandy and vegetated microhabitats (Table 2).

Distribution of individuals per microhabitat in the 
central zone.—We captured 208 individuals, mostly 
tadpoles, in the central zone, which comprised vegetated 
and non-vegetated microhabitats at three depths.  
Relative abundance was highest in the vegetated middle 
and vegetated bottom microhabitats (Fig. 5).  All post-
metamorphic individuals captured in the central zone 
were of the aquatic morphotype.  Overall, the relative 
abundance of individuals differed significantly among 
microhabitats (H = 127.95, df = 2, P < 0.001).  The 
abundance of individuals differed between vegetated 
and non-vegetated microhabitats (q =10.11, P < 0.05), 
among depths (q = 15.15, P < 0.05) and between 
vegetated and non-vegetated microhabitats at different 
depths (q = 5.05, P < 0.05).

We recorded Class I tadpoles in two microhabitats: 
vegetated bottom and vegetated middle, with very low 
abundance (Fig. 6).  Class II was poorly represented 
in the captures, being recorded in four microhabitats 
(Fig. 6).  Abundance was highest for vegetated bottom 
and vegetated middle.  We captured Class III tadpoles 
in all six microhabitats in the central zone and mean 
numbers ranged from 1.3 to 3.3 individuals/trap (Fig. 
6).  Differences in the number of tadpoles among 
microhabitats were not significant (H = 7.57, df = 5, P 
= 0.275).

We also captured Class IV tadpoles in all the 
microhabitats in the central zone (Fig. 6).  Abundance 
was highest for vegetated middle and lowest in vegetated 
top and non-vegetated middle microhabitats (Fig. 6).  
Overall, the abundance of Class IV tadpoles differed 
significantly among the six microhabitats (H = 16.49, 
df = 5, P = 0.006) and there were significant differences 
between vegetated middle and non-vegetated middle (q 
= 2.99, P < 0.05).  We did not capture any individuals 

Figure 4. Abundance (% of individuals per trap) of each 
Atelognathus patagonicus developmental class in microhabitats 
in the peripheral zone of the Laguna Verde pond, Laguna Blanca 
National Park, Neuquén Province, Argentina, in January 2006.  
Total number of individuals of each developmental class is 
indicated at the top of each bar.  The designation Mixed is a habitat 
that is a combination of rocks and sand.

Figure 5. Abundance (number of individuals per trap) of 
Atelognathus patagonicus in microhabitats in the central zone of 
the Laguna Verde pond, Laguna Blanca National Park, Neuquén 
Province, Argentina, for tadpoles and post-metamorphs in January 
2006.  Metamorphs were absent and the total number of individuals 
captured in each microhabitat is indicated at the top of each bar.

Table 2. Results of Kruskal-Wallis tests, H (values across the top) and a posteriori multiple comparison method Tukey tests, q (in body of 
table), of relative abundance (individuals/trap) of Atelognathus patagonicus in the peripheral zone microhabitats for each developmental 
class in the Laguna Verde pond, Laguna Blanca National Park, Neuquén Province, Argentina, in January 2006. Developmental classes 
are defined in text.  Classes I and VI are not included in the table due to small sample size.  The designation Mixed is a habitat that is a 
combination of rocks and sand.  Asterisks indicate a significant difference at P ≤ 0.05 (*) or P ≤ 0.001 (**). 

Developmental Classes

II III IV V VII

Comparisons 47.55** 52.97** 46.33** 37.50** 29.08**

Rocky vs. Mixed 0.65 3.35 4.84* 4.19* 3.55

Rocky vs. Sandy 0.28 4.41* 6.64* 5.11* 5.90*

Rocky vs. Vegetated 5.43* 3.72* 0.35 4.53* 3.77*

Vegetated vs. Mixed 4.78* 7.07* 5.19* 0.333 0.22

Vegetated vs. Sandy 5.72* 8.13* 6.99* 0.583 2.13

Mixed vs. Sandy 0.93 1.06 1.8 0.92 2.35
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belonging to Classes V and VI in the central zone 
(Fig. 6).  We captured Class VII (post-metamorphic) 
individuals in equal numbers in vegetated bottom and 
non-vegetated bottom microhabitats (Fig. 6).  Class VII 
was very poorly represented in the captures (Fig. 6).

Discussion

This is the first investigation of the distribution of 
Atelognathus patagonicus frogs and tadpoles among 
different aquatic microhabitats in a typical pond.  Some 
of the microhabitats were highly complex, particularly 
regarding substrate heterogeneity and macrophyte 
development.  Frog and tadpole spatial distribution 
is thus associated with a wide range of microhabitats.  
The use of funnel traps enabled a wide range of aquatic 
habitats in the pond to be sampled, even those where 
particular environmental complexity makes the use of 
other sampling techniques difficult.  This methodology 
enabled efficient sampling of all A. patagonicus 
developmental stages except metamorphs, which must 
be captured by land sampling (Cuello et al. 2014).

The different types of substrate in the peripheral zone 
are strongly associated with abundance and distribution 
of individuals according to ontogenetic stage.  The rocky 
microhabitat is composed of numerous overlapping 
boulders of different sizes that provide a large number 
of interstices where frogs and more advanced tadpoles 
are usually located, as previously noted by Fox et al. 
(2005).  In the mixed microhabitat, rocks are fewer 
and smaller, which may be why A. patagonicus used it 
less.  The sandy microhabitat consists of smaller, evenly 
distributed particles and none of the ontogenetic stages 
of A. patagonicus used it.

In the central zone of the pond, where the macrophyte 
M. quitense is well-developed and forms a ring of 
vegetation, the abundance of A. patagonicus tadpoles 
and presence of multiple ontogenetic classes was higher 
than in non-vegetated microhabitats of the same central 

zone.  The physical complexity of the M. quitense 
ring of vegetation may explain this result.  The ring of 
vegetation provides a large number of spaces for shelter, 
differing microhabitats, and fosters the establishment of 
aquatic organisms (Thomaz and Cunha 2010).  Captures 
of A. patagonicus tadpoles belonging to the earliest 
classes (I and II) were very abundant in the vegetated 
microhabitat in the peripheral zone, even though M. 
quitense plants here are smaller and less structurally 
intricate.  We therefore infer that the microhabitat 
structure provided by the macrophyte M. quitense is 
favorable for use by A. patagonicus individuals in both 
the central and the peripheral zones.  Indeed, all the 
vegetated microhabitats hosted large numbers of Class 
I to IV tadpoles.

During our sampling efforts in Laguna Verde pond 
in November 2007 and December 2008, we found 
numerous small A. patagonicus tadpoles in stages 
26−28 (Class I) in shallow, densely vegetated areas near 
the shore.  The preferential distribution of Class I and II 
tadpoles in peripheral zones colonized by macrophytes 
may be related to the complexity provided by M. quitense 
and T. patagonica, which offers suitable structure for 
adherence of egg clutches (Cei 1965), at the same time 
ensuring shelter for early developmental stages.  During 
visits to Laguna Verde pond subsequent to this study in 
October 2005, January 2007, and January 2008, one of 
the authors (MEC) heard A. patagonicus mating calls 
from shallow vegetated areas in the peripheral zone and 
vegetated areas in the central zone, indicating that these 
areas constitute the breeding microhabitat.

As tadpoles develop and increase in size and mobility, 
Classes III and IV show that in addition to occupying 
vegetated microhabitats, they are able to occupy others, 
such as the rocky microhabitat.  In rocky microhabitats, 
rough surfaces and cracks host higher densities of algae 
and invertebrates that seek refuge from predators and 
waves (water turbulence through rough surfaces may be 
qualitatively different from turbulence acting on smooth 

Figure 6. Abundance (% of individuals per trap) of each Atelognathus patagonicus developmental class in microhabitats in the central 
zone of the Laguna Verde pond, Laguna Blanca National Park, Neuquén Province, Argentina, in January 2006.  Classes V and VI absent.  
The total number of individuals in each developmental class is indicated at the top of each bar.
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surfaces).  Filamentous algae may also add complexity 
to the rock surface and increase species richness.  
Downes et al. (1998) recorded a higher number of 
species on rocks covered in algae than on bare rocks.  
Similarly, in Laguna Verde pond, loose M. quitense 
branches trapped among the rocks, together with 
filamentous algae, increase the richness in the rocky 
microhabitat, where advanced A. patagonicus tadpoles 
find benthic micro-invertebrates as potential prey.  Cei 
(1965) mentioned the omnivorous, probably suctorial 
habit of A. patagonicus tadpoles, based on the variety of 
small animals (amphipods, Diptera larvae, and others) 
and remains of green algae found in their diet and on the 
wide sucker-like oral disc located in ventral subterminal 
position.  Developmental Classes III and IV did not 
show such marked use for a single microhabitat as did 
the preceding classes; indeed, Classes III and IV were 
evenly distributed among vegetated and rocky habitats.  
Further studies are needed to determine whether there 
are ontogenetic differences in the diet of A. patagonicus 
tadpoles that would contribute to explaining how the 
classes are distributed in the pond.

Owing to various mechanisms acting simultaneously, 
such as food availability, shelter, and foraging sites, 
the effects of macrophyte complexity on assemblages 
associated with macrophytes may be synergistic 
(Thomaz and Cunha 2010).  In our study, the fact 
that we captured few individuals from the surface 
and middle levels of the non-vegetated water column 
contrasts with the high abundance in the central ring 
of aquatic vegetation, which provides food and shelter 
for individuals.  Atelognathus patagonicus tadpoles 
are basically omnivorous (Cei 1965) and probably 
feed at the surface of and among M. quitense foliage.  
Moreover, the presence of aquatic vegetation used 
as shelter from predators is an important factor for 
tadpole survivorship.  Kopp et al. (2006) showed that 
predator-vegetation interaction is significant for tadpole 
survivorship of two Hylidae species in southeastern 
Brazil and that the effect of predation was stronger 
without vegetation.  Microhabitat use probably reflects 
a trade-off among opposing forces of selection, two of 
which are predation and food intake (Warkentin 1992).  
Accordingly, in Laguna Verde pond, we did not see A. 
patagonicus individuals by day, but captured them in 
funnel traps by night, suggesting that nocturnal activity 
protects them from daytime predators.

As in other ponds in the system, fish are naturally 
absent from Laguna Verde, so the main predators of 
A. patagonicus are diving birds such as the grebes 
Podiceps occipitalis and Rollandia rolland (Cuello et 
al. 2005) and Odonata larvae (Rhionaeschna sp.; pers. 
obs.).  The population of P. occipitalis exerts the greatest 
predatory pressure on A. patagonicus post-metamorphic 
individuals and tadpoles, as reflected by the high 

capture rates by birds recorded by Cuello et al. (2005).  
Moreover, observations in natural environments and 
laboratory experiments (Casanovas and Úbeda 2006; 
Jara et al. 2013; Jara 2014) show that Rhionaeschna 
variegata larvae are voracious predators of Patagonian 
anuran tadpoles, which they catch either by ambush or 
by searching.  The use of specific microhabitats by A. 
patagonicus that provide shelter for each development 
stage may reduce the risk of predation.  In this regard, 
the diving area of the grebes does not include shallow 
water or rocky areas where advanced tadpoles and post-
metamorphic individuals hide in interstices among and 
under overlapping boulders in shallow water.  Moreover, 
in deep areas, dense macrophytic vegetation hinders the 
activity of diving birds.  In the vegetated microhabitats, 
A. patagonicus tadpoles appear to be most at risk of 
predation by Rhionaeschna larvae, though they also 
find food and shelter, showing that there is a trade-off 
between opposite forces of selection.

Metamorphosing tadpoles (Class V) and metamorphs 
(Class VI) have a significantly different distribution 
from that of other tadpole classes.  They are found 
almost exclusively in water along the shoreline, hiding 
among and under submerged rocks, and are absent 
from the central zone.  The period during which 
anurans transition from tadpoles to metamorphs is 
critical to their survival (Arnold and Wassersug 1978; 
Duellman and Trueb 1986).  During the final stage of 
metamorphosis, anurans are particularly susceptible 
to predation by other vertebrates (Wassersug and 
Sperry 1977; Arnold and Wassersug 1978; Huey 1980; 
Crump 1984).  Highly vulnerable metamorphosing 
A. patagonicus tadpoles (Class V) probably find 
the shelter they need from predator pressure in the 
complexity of the rocky microhabitat.  The time spent 
at this stage is short compared to their larval lifespan.  
Arnold and Wassersug (1978) suggested that the speed 
and synchronization of the transformations as well as 
certain behavioral features may be adaptive responses 
to the high risk of predation during the metamorphic 
transition.  Metamorphs (Class VI) of A. patagonicus 
find immediate access to the air-water interface, which 
they need for pulmonary breathing, and access to the 
terrestrial environment where they spend an initial period 
before recruiting as aquatic or terrestrial morphotypes.  
In addition, sheltering under rocks minimizes the loss of 
water through the skin.

Juvenile and adult post-metamorphs, grouped here as 
Class VII, also mainly occupied the rocky microhabitat 
in the peripheral zone, with only a very low proportion 
in the vegetated bottom and non-vegetated bottom 
habitats of the central zone.  The A. patagonicus aquatic 
morphotype, with its well-developed interdigital 
membranes and specialized integument with richly 
vascularized folds that enable cutaneous gas exchange, 
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remains under and among submerged rocks, where it 
finds some protection from potential predatory birds.  
The aquatic morphotype characteristics enable A. 
patagonicus to be independent of the aerial environment, 
move about extensively in the pond, and reach deep 
zones.

In summary, there is a range of microhabitats in the 
central and peripheral zones in Laguna Verde pond, with 
high availability of food and space resources, enabling 
the establishment of A. patagonicus individuals of all 
sizes and developmental classes.  The partial segregation 
of the different developmental stages observed in this 
study may reduce intraspecific competition.  The ability 
of frogs and tadpoles to move about in the water body 
creates greater opportunities for selecting food and 
shelter.  If the different developmental classes use 
resources differently, then a pond which has a variety of 
microhabitats will support a higher number of individuals 
than a pond with less microhabitat complexity.  The 
high abundance of A. patagonicus adults, juveniles, 
and larvae (Fox et al. 2005), along with simultaneous 
presence of seasonal and overwintering tadpoles 
recorded during this and previous studies (Cuello et al. 
2014), supports this idea.

Implications for conservation.—Within the 
boundaries of Laguna Verde, we identified the following 
two main habitat features:  rocky areas with complexity 
provided by rock size and structure, and large areas of 
rooted macrophytes in both the central and peripheral 
zones.  Vegetated and rocky areas are important to 
Atelogmathus patagonicus for different reasons and 
should both be prioritized for conservation.  Vegetated 
areas are essential for breeding and supporting early 
larval stages, while rocky areas are important for 
recruitment of juveniles.  The microhabitats described 
in this study are typical of the endorheic pond system 
in Laguna Blanca National Park and surroundings, 
where A. patagonicus lives.  In particular, Cuello et al. 
(2009b) found a positive correlation in several ponds 
in the system between presence of A. patagonicus and 
aquatic vegetation, showing that the species requires 
structurally complex ponds.  To date, A. patagonicus has 
not been found in any structurally simple ponds having 
homogenous bottoms covered in fine sediment (Cuello 
et al. 2009b) or in ephemeral ponds (Cuello et al. 2014).

The pond habitat analyzed herein and the habitat 
surrounding the pond are sensitive to deterioration 
caused by livestock drinking and feeding on aquatic and 
palustrine vegetation.  The woven wire perimeter fence 
built by Laguna Blanca National Park Administration 
in 2004 around Laguna Verde pond resulted in rapid 
recovery of macrophytic vegetation and the marginal 
vegetation on the shores, providing additional 

shelter for A. patagonicus (Cuello et al. 2014).  Land 
administrators and owners may take action to minimize 
future habitat loss for this frog.  We highlight the need 
to preserve those ponds with a high degree of diversity 
and microhabitat complexity but which lack protection 
because they lie outside Laguna Blanca National Park.  
These ponds should be a high priority for inclusion in a 
regional system of protected areas.
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APPENDIX.  Description of 10 aquatic microhabitats in Laguna Verde Pond, Laguna Blanca National Park, Neuquén Province, Argentina, in January 2006.   

 
 PERIPHERAL ZONE MICROHABITATS  CENTRAL ZONE MICROHABITATS 

Variables Vegetated Rocky Sandy Mixed 
 

Vegetated top 
Vegetated 

middle 
Vegetated 

bottom 
Non-vegetated 

top 
Non-vegetated 

middle 
Non-vegetated 

bottom 

Depth range (m) 0−1 

0−1 
Includes the 

water-air 
interface 

under rocks 
on the shore 

line 

0−0.8 0−0.6   

Upper layer of 
the M. 

quitense ring 
from the 

surface down 
to a depth of 

20 cm 

Middle layer 
of the M. 

quitense ring 
between the 
upper and 

lower 
vegetation 

layers 

Lower layer of 
the M. 

quitense ring 
and bottom of 

the pond, 
located at 
2.5−4 m 

Upper layer of 
the water 

column down 
to a depth of 

20 cm 

Middle layer 
of the water 

column 
between the 
upper and 

lower layers 

Lower layer of 
the water 

column and 
bottom, 

located at 
2.5−4 m 

Slope range 
(degrees) 20−23 12−14 7−8 8−9   ____ ____ null or almost 

null ____ ____ null or almost 
null 

Substrate type sand 

Several layers 
of boulders of 
different sizes 

(≥ 450 mm) 
with irregular 

surfaces, 
many pits and 

cracks 

Very coarse 
(1−2 mm) and 
coarse (0.5−1 

mm) sand 

Boulders 
(250−450 
mm) and 
cobbles 

(60−250 mm) 
scattered over 

a sandy 
bottom 

  _____ ____ 

Silt and clay, 
rich in fine 
particulate 

organic matter 
and larger 

plant remains 

____ ____ 

Silt and clay, 
rich in fine 
particulate 

organic matter 
and larger 

plant remains 

Myriophyllum 
quitense plants 

Isolated 
plants 

with short 
stems (≤ 1 

m) 

absent absent absent   

Ring sector 
constituted of 

submerged 
and partially 

emergent 
foliage, 

forming a 
dense 3-D 
structure  

Ring sector 
constituted of 
predominantly 

vertical 
branches 

Ring sector 
constituted of 
predominantly 

vertical 
branches. 

absent absent absent 

Drifting 
Myriophyllum 

quitense 
branches 

absent plentiful, 
tangled absent absent   absent absent absent absent absent absent 

Filamentous 
algae abundant highly 

developed 
moderately 
developed plentiful   highly 

developed 
moderately 
developed absent absent absent absent 
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