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Abstract—The Fluorescent Frog (Boana punctata) and the Uruguay Harlequin Frog (Lysapsus limellum) are two
hylid species found in seasonal swamps and along large rivers in South America. Despite their wide distribution in
the Amazon and Parana River basins, they had never been recorded along the margins of the more than 340 km of
the Parana River in the provinces of Misiones, Itapua, and Alto Parana in Argentina and Paraguay. Comparisons
of historical and recent satellite images and analyses of the Parana River structure indicate that the lake formed
after the construction of the Yacyreta Dam (140,000-160,000 ha), which has made novel lentic and semi-lentic
environments in the tributary streams identified as large inlets, bays, and lagoons. These transformations favored
permanent settlement of aquatic macrophytes, mainly Water Hyacinth (Eichhornia crassipes) and floating ferns
(Salvinia sp.), which are the characteristic habitat of L. limellum and B. punctata. Because of these changes, we
conducted surveys by boat and from shore to determine whether these frog species colonized the novel environments.
We found L. limellum and B. punctata at several localities on the margins of Parana River within the boundaries
of the Yacyreta Lake. Because all observations of both species were at sites with abundant macrophytes, and
because neither of them were found in field surveys we conducted before 2011 (i.e., when the Yacyreta Lake filled
to maximum capacity), our results support the hypothesis that the new records are related to the artificial wetlands
created after the construction of the Yacyreta Dam.
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INTRODUCTION

Aquatic macrophytes are essential components of
riverine ecosystems (Wetzel 2001) and provide habitat
to a rich micro- and macroinvertebrate fauna (Collins
and Williner 2006; Battauz et al. 2017). Because
annual fluctuations of the hydrometric levels of large
rivers displace extensive beds of macrophytes (Battauz
et al. 2017), suppression of flood pulses by dam
construction has profound effects on the distribution of
this type of vegetation (Finer and Jenkins 2012). One
of the main effects of reservoirs upstream of dams is the
transformation of lotic ecosystems into lentic or semi-
lentic environments that changes the biotic composition
and the viability of populations of many riverine species
(Bunn and Arthington 2002; Agostinho et al. 2008).

The Parana River is the main river within del Plata
Basin, the second largest in South America. It has an
annual discharge of 500 million m?, with peak flows of
65,000 m’s-1, extensive fertile lands, and is one of the
most important rivers in the world (Bonetto et al. 1989).
Besides these natural characteristics, the Parana River is
the most intensively dammed river of South America,
particularly in the Upper and High sections, which serve
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mainly to produce hydropower (Bonetto et al. 1989;
Agostinho et al. 1994). The Yacyretd Dam is the second
largest dam on the Parand River and was constructed
between Argentina and Paraguay (27°28'58.01" S,
56°44'8.99" W). In 2011, the reservoir of Yacyreta
reached its maximum height (83 m above sea level),
creating an artificial lake of 140,000-160,000 ha (Fulco
2011; Brites and Catullo 2016). When Yacyreta Lake
filled, the water from the main reservoir inundated large
sections of tributaries that drain into the river (Fontana and
Iriarte 2016; Fulco 2011), creating inlets or bays. These
inlets have spatial and seasonal characteristics such as
shallow waters, increased nutrient input, protection from
wind, and higher sedimentation rates that create favorable
environments for the colonization and settlement of
aquatic macrophytes (Thomaz et al. 1999). Although the
effect of habitat modification on fish fauna was assessed
in reservoirs from the Upper Parana section (Benedicto-
Cecilio et al. 1997; Agostinho et al. 1994, 2008), no
research has examined the impact of habitat alteration as
a consequence of dam construction in the Parana River on
amphibian diversity.

Several Neotropical hylid frogs (Anura: Hylidae:
Hylinae) live near or by the margins of large rivers
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(particularly in floodplains and slow-flowing river
channels), where they are strongly associated with
aquatic macrophytes such as Water Hyacinth (Eichhornia
crassipes), Horsetail Paspalum (Paspalum repens), and
Floating Primrose-Willow (Ludwigia peploides; Hodl
1977; Manzano et al. 2004). Some of these frogs possess
morphological adaptations for living in water, such as a
paddle-like autopodium (species of the tribe Pseudini;
Goldberg and Fabrezi 2008). The reproductive activities
of the species living in these environments are tightly
associated with aquatic macrophytes and vary in relation
to the class and height of the vegetation used (Hodl
1977; Prado et al. 2005; Brunetti et al. 2014, 2015). For
instance, males of the Uruguay Harlequin Frog (Lysapsus
limellum) use plants that lie flat on the water surface like
species of floating ferns (Salvinia sp.) and Water Cabbage
(Pistia stratiotes; Hodl 1977). In contrast, the Fluorescent
Frog (Boana punctata) uses plants with vertical structure
like E. crassipes; males emit territorial calls at heights of
approximately 40-70 cm or perform complex courtship
behaviors at the water surface level (Brunetti et al. 2014).

Boana punctata and L. limellum are common hylid
frogs with a wide distribution in South America. In
Argentina, both species have a high degree of sympatry in
the provinces of Chaco, Formosa, Corrientes, Entre Rios,
and Santa Fe along the Parand and Paraguay Rivers (Vaira
et al. 2012). Despite their common occurrence, they
were never reported in the more than 340 km of Parana
River in the provinces of Misiones, likely because the
river structure was characterized by a single and narrow
channel (Peso et al. 2013), which lacked the suitable lentic
habitat conditions for these species (Hodl 1977; Manzano
et al. 2004). Here, we analyze the alterations on the
shape and structure of the Paran River generated by the
construction of the Yacyreta upstream of the boundaries of
the Yacyreta Lake aiming to (1) investigate the presence
of B. punctata and L. limellum, (2) compare these
presence/absence data with our amphibian surveys before
2011 (i.e., prior to the lake filling to maximum capacity),
and (3) connect the presence of these hylid frogs to the
altered structure of the Parana River and the diversity and
abundance of aquatic macrophytes. We predict that the
novel lentic environments created by damming the river
generated habitats that became occupied by amphibian
species typical of these environments, which were not
previously registered at this high section of the Parana
River.

MATERIALS AND METHODS

To test our hypothesis that environmental
transformations related to the construction of the
Yacyreta Dam favored the occupation of typically lentic
amphibian species, we examined temporal and spatial
variables, assessed macrophyte density, and conducted
fieldwork studies to explore these novel environments

as potential habitats for the establishment of B. punctata
and L. limellum. For the temporal variable, we compiled
a list of geo-referenced locality records for both species
in the Parana River Basin based on published literature
(Brusquetti and Lavilla 2006; Weiler et al. 2013),
available biodiversity databases (Global Biodiversity
Information Facility. 2020. Available from https:/doi.
org/10.15468/d1.5ffqhq [Accessed 07 May 2020]), and
information from the Herpetological Collection of the
Laboratorio de Genética Evolutiva (LGE). Reports
covered a wide span including the period before Yacyreta
Dam creation in 1998 (about 1900-1998), the period
from creation till the Yacyreta lake reached its maximum
height in 2011, and the period from 2011 till present. We
considered observations at sites surveyed by members of
our laboratory before 2011 as pre-maximum height data.
We located these on maps using satellite images from
the years 1990, 2005 and 2020, and applied identifying
water indices according to McFeeters et al. (1996) and
two vegetation indices, Green Chlorophyll Index and
Normalized Difference Vegetation Index (Ahamed et
al. 2011; Hunt et al. 2011). We processed the satellite
images with the Google Earth Engine platform using the
Landsat 5 and 8 image collections (Gorelick et al. 2017).

We examined satellite images for 2019 (Google Earth
Pro v.7.3.2.5776) to account for spatial variation and
categorize the habitats likely having macrophytes along
the shores of the High Section of the Parand River for
approximately 340 km in the province of Misiones,
Argentina. Because aquatic macrophytes represent the
characteristic habitat of B. punctata and L. limellum, we
identified four habitats, small inlets, large inlets, bays, and
lagoons, where this type of vegetation likely accumulates
within the boundaries of the Yacyretd Lake, as follows.
Inlets formed when lower parts of the tributaries draining
into the Parana River were flooded. In satellite images,
they are distinguishable by a narrow channel, which
connects the tributaries to the reservoir, and by a wetted
width that is permanently inundated. We categorized
these inlets as large when the length was > 3 km, or small
when it was > 500 m and < 3 km (measured with Google
Earth Pro v.7.3.2.5776; Fig. 3). Bays are similar to inlets
but connect to the river by a wide mouth (i.e., width >
2 km length), and in most cases, not related to seasonal
rains that flood tributaries (Fig. 3). Lagoons are flooded
areas where the long axis parallels the flow direction of
the river. In contrast to inlets and bays, lagoons connect
to the river at more than one point (Fig. 3). In satellite
images before 2011, we did not observe the four habitats
defined above, which is consistent with the absence of a
flooded valley at this section of the Parana River before
the Yacyreta Dam construction (Peso et al. 2013).

After satellite imagery analysis, we performed field
surveys from September 2019 to 2020 at six localities and
12 sites: Posadas (Pol and Po2), Candelaria (Cal and Ca2),
San Ignacio (Sil, Si2, and Si3), Corpus Christi (CC1, CC2,
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Ficure 1. Historical records (grey) of the Fluorescent Frog (Boana punctata; squares) and the Uruguay Harlequin Frog (Lysapsus limellum;
closed circles) in the Parana River Basin adjacent to the Yacyreta Dam, in the Province of Misiones, Argentina. Contemporary observations
(presence = red, white = absence) at sites sampled for this study along the margins of Parana River in Misiones, Argentina. Site abbreviations
are Po (Posadas), Ca (Candelaria), Si (San Ignacio), Cc (Corpus Christi), Nacanguazii stream (Na), and Colonia Polana (Cp).

and CC3), Nacanguazi stream (Na), and Colonia Polana
(Cp; see Appendix Table 1 for the coordinates associated
with each site). More than 130 river km separate the
two most distant localities (Po and Cp). We described
each site using our categories of inlet (small or large),
bay, or lagoon, and classified the presence or absence of
macrophytes: E. crassipes, Salvinia sp., P. stratiotes, and
South American Spongeplant (Limnobium spongia). We
analyzed macrophyte coverage at different sites with two
methods; remote sensing using the Green Chlorophyll
Index (Hunt et al. 2011), and direct observations in
the field. For the second method, we categorized the
presence of the most prominent macrophyte, E. crassipes,
as abundant or few when the density was greater or
lower than 50 m? respectively. We conducted field
surveys in spring and summer, which coincided with the
breeding season of both species in Argentina (Brunetti et
al. 2014, 2015; Manzano et al. 2004). We listened for
the characteristic vocalization emitted by each species
(Brunetti et al. 2014; Garda et al. 2007) and visually
searched different heights of the aquatic plants. Each

survey lasted one day and was conducted during the
afternoon (1500-1900) and after sunset (1900-2200).
Groups of two to three researchers made observations
from within the Parana River using small watercraft
(i.e., canoes, kayaks, and stand-up paddleboards) or
walking along the shores. For voucher specimens, we
euthanized frogs of both species with lidocaine, fixed
them in formalin 10%, and preserved them in ethanol
70%. We deposited specimens in the Herpetological
Collection of LGE, “Claudio J. Bidau”, of the Instituto
de Biologia Subtropical (IBS-CONICET-UNaM),
Posadas, Misiones, Argentina (Appendix Table 2).

RESULTS

Historical records of B. punctata and L. limellum
in the Parana Basin show that both species are tightly
associated with the large rivers, Pilcomayo, Paraguay,
and Parana (Fig. 1). Lysapsus limellum occurs widely
in the Ibera Wetlands in Argentina and nearby streams
located west of the Paraguay River. Boana punctata
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FiGuRE 2. Map of the Parana River calculated from the standard difference water index (McFeeters et al. 1996). Shades of blue indicate
three critical time periods: 1990, before the opening of the Yacyreta Dam; 2004, after the opening of the dam and before the reservoir
reached maximum capacity in 2011; 2019-2020, nine years after the maximum capacity reached. Five sites surveyed between 1998
and 2005 (Pol, Po2, Po3, Cal, and Sp) were considered as pre-maximum height data for comparison. Three sites (Pol, Po2, and Cal)
were also surveyed between the years 2019-2020. Remaining sites surveyed between the years 2019-2020. Details of abbreviations for

localities and sites in Table 1; geo-locations in Appendix Table 1.

occurs widely around different streams located between
the Parana and Paraguay Rivers. Along the Parana
River, both species occur downstream of the Yacyretd
Dam in the Middle sections of the river, and in the High
Section from the Paraguay River mouth to the Yacyreta
Dam, and B. punctata also occur at the Parana Upper
Section in the Itaipti Lake. Neither of these species,
however, was reported historically in the High Section
of Parand River along the 430 km section between Itaipu
and Yacyreta Dams, including 340 km in the province of
Misiones, Argentina (Fig. 1).

The Yacyreta Dam generated significant changes to
the structure of the Parand River at its High section
(Fig. 1), which we clearly identified in maps by the
formation of a reservoir of more than 140,000 ha and
the permanent flooding of large islands (Fig. 2). When
the reservoir reached its maximum capacity in 2011,
the structure of the river changed significantly with
bays and inlets along the shoreline, and permanent
wetlands that did not exist before at this section of the
river (Figs. 2, 3). Because the high interference with
water impeded the estimation with remote sensing using
the Green Chlorophyll Index (Appendix Figure), we
determined that direct observations was the reliable
method. We found that, regardless of categorization as
inlet, bay, or lagoon, most of the margins of these areas
were covered with high densities of macrophytes, of
which E. crassipes, Salvinia sp., and L. spongia were
the most recognizable (Fig. 3). In large inlets, like the

one represented by Cal (Fig. 2), there were big, fixed
islands of E. crassipes (Fig. 3). Also, on windy days,
we commonly observed islands of E. crassipes moving
downstream and within the bays (Fig. 3). In contrast,
upstream of the limit of the Yacyretd Lake in Na and
Cp (Fig. 1) we recorded no E. crassipes. Upstream of
the influence of Yacyreta Lake, the Parana River had the
typical habitat composition of this section, comprised of
a single water channel with rocky and sandy margins
without inlets, bays, or lagoons, and without permanent
macrophyte settlements (Fig. 3).

Surveys from the years 1998, 1999, and 2005 (i.e.,
prior to maximum reservoir elevation), along the margins
of the Parana River at the same or nearby coordinates as
surveys we made post dam and reservoir filling, showed
absence of B. punctata and L. limellum (Table 1). Aside
from Po3, we found no E. crassipes in the study reach
prior to reservoir inundation (Table 1); however, in
2019 and 2020 surveys, we observed B. punctata and L.
limellum in three (Ca, Si, and Cc) and four localities (Po,
Ca, Si, and Cc), respectively (Table 1; Figs. 1, 2). We
observed B. punctata at Ca2, a bay, and Ccl, a small inlet
(Table 1, Fig. 2). We also found B. punctata at Sil in two
small bays at the confluence of the Parana River and the
large inlet formed by the Yabebiry Stream (Table 1, Fig.
1). All of these sites had extensive mats of E. crassipes
(> 50 m?). Despite the high density of E. crassipes and
the proximity to Cal, we did not find B. punctata at Ca2,
a subsite categorized as a large inlet. In contrast, within
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Ficure 3. Novel environments created by the Yacyreta Lake on the High section of the Parana River in the province of Misiones,
Argentina (see text for further details). Satellite images from Candelaria (A) and Corpus Christi (B) depict small and large Parana River at
a Large Inlet in Candelaria (C), a lagoon in San Ignacio (D), a bay in Candelaria (E), and at a typical shore environment at the high section
of the Parana River upstream of the Yacyreta lake in Eldorado (F). Macrophyte raft moving by the main course of the Parana River on
the Yacyreta Lake (G, H; white arrow points to a reference tree). Abbreviations are W = width and L = length. (C-E photographed by
Andrés E. Brunetti; F by Lourdes Rambo, and G, H by Pablo J. Torres).

the localities situated between Po and Cc (about 130
km; Fig. 2), we found L. limellum in all types of lentic
habitats, with either high or low densities of E. crassipes,
yet all sites had abundant flat floating macrophytes, such
as Salvinia sp., P. stratiotes, and L. spongia (Table 1, Fig.
4). We did not detect B. punctata or L. limellum in Na and
Cp, two localities situated at 8 and 24 km, respectively,
from Cc3, which represents the upstream limit of the
Yacyreta Lake (Fig. 1). Though Na and Cp resemble
small inlets, they lack most of the characteristics found in
similar environments within the Yacyreta Lake: very few
macrophytes, no E. crassipes, and abundant vegetation

characteristic of the Atlantic Forest at the margins.

We observed males of L. limellum vocalizing on
floating macrophytes (Fig. 3) or, more frequently, semi-
submerged in water during the afternoon and at night.
In contrast, we observed male and female B. punctata
on the roots at the water surface or at different heights
above the water standing on the leaves or the petioles
of E. crassipes (Fig. 4). We heard vocalizations of B.
punctata soon after sunset (1900) and until the end of the
surveys (2200), but in one of the surveys, we detected
them only by visual encounters. We collected males and
females of both species as vouchers.
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TaBLE 1. Association of the Fluorescent Frog (Boana punctata) and the Uruguay Harlequin Frog (Lysapsus limellum) with the presence
of macrophytes (Water Hyacinth, Eichhornia crassipes, and floating ferns, Salvinia sp.) in the High Section of the Parana River in the
Province of Misiones, Argentina. Asterisks (*) depict sites surveyed prior to Yacyreta Lake filled to maximum capacity in 2011.

River Lysapsus Boana Salvinia
Locality Site Date structure limellum punctata  E. crassipes sp.
Posadas (Po) Pol 22 November 2019 Large Inlet >20 0 abundant abundant
Pol* 22 May 1998 Margin 0 0 absent absent
Po2 3 January 2020 Bay >20 0 abundant few
Po2* 17 October 1998 Margin 0 0 absent absent
Po3* 3 January 2005 Margin 0 0 absent absent
Candelaria (Ca) Cal 10 October 2020 Large Inlet > 50 0 abundant few
17 October /2020 > 50 0
28 October 2020 >50 0
Cal* 27 October 1999 Stream 0 0 absent absent
3 January 2005 tributary
Ca2 24 November 2019 Bay >20 >20 abundant abundant
29 November 2109 >20 >20
31 January 2020 >20 >20
San Ignacio (Si) Sil 7 December 2020 Bays at >50 >20 abundant abundant
confluence
of large inlet
Si2 14 November 2019 Lagoon >50 0 abundant abundant
6 September 2020 > 50
Si3 9 October 2019 Bay > 50 0 abundant few
Corpus Christi (Cc) Ccl 15 January 2020 Small Inlet, > 50 > 50 abundant few
Lagoon
Cc2 15 January 2020 Lagoon > 50 0 abundant few
Cc3 15 January 2020 Small inlet, >50 0 abundant few
Lagoon
Santo Pipo stream Spl* 30 January 1998 Stream 0 0 absent absent
tributary
Nacanguazi Stream (Na) Na 4 January 2020 Small Inlet 0 0 absent absent
Colonia Polana (Cp) Cp 16 December 2019 Stream 0 0 absent absent
tributary
DiscussioN macrophytes rafts as dispersal vectors for the frogs in

We registered the first occurrences of B. punctata
and L. limellum at several localities on the High Section
of the Parana River in the province of Misiones,
Argentina. Our observations made pre- and post-dam
are consistent with the hypothesis that three interlinked
conditions were associated with the expansion: (1) the
formation of new wetlands after the construction of
the Yacyreta Dam (Meichtry de Zaburlin et al. 2013);
(2) the strong association of both frog species with
aquatic macrophytes (Hodl 1977); and (3) the role of

riverine ecosystems worldwide (Schiesari et al. 2003;
Bell et al. 2015; Guerrero et al. 2017), including the
Parana Basin (Achaval et al. 1979). Boana punctata
and L. limellum usually occur in the floodplains of
large rivers that are characterized by aquatic or marshy
vegetation (Hodl 1977; Duellman 1978; Da Silva and
Bates 2002; Garda et al. 2010). Despite their wide
distribution in South America where they occur in
different biogeographical regions like Amazonia,
Cerrado, Pantanal, Chaco, and Atlantic Forest (Gallardo
1961; Duellman 1978; Brusquetti and Lavilla 2006;
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Ficure 4. (A) Male individuals of the Uruguay Harlequin Frog
(Lysapsus limellum) standing on leaves of floating ferns (Salvinia
sp.). (B) Male of the Fluorescent Frog (Boana punctata) standing
on leaves of Water Hyacinth (Eichhornia crassipes) under
white light and (C) fluorescing under UV-light. Notice the use
of flat macrophytes by L. limellum (A) and B. punctata (B, C),
respectively. (A,B photographed by Andrés E. Brunetti; C by
Pablo J. Torres and Andrés E. Brunetti).

Prado et al. 2005; Garda et al. 2010), these species
had never been recorded along the almost 430 km
at the High Section of the Parana River between the
Yacyreta and Itaipi Dams. Our observations at sites
located in the biogeographical regions of Southern Cone
Mesopotamian Savanna and Alto Parana Atlantic Forest
(sensu Olson et al. 2001), represent the first records
for both species at this portion of the Parand River.

The nearest sites previously documenting B. punctata
are downstream of Yacyretd Dam in the Apipé Island
(Corrientes province), a straight-line distance of 130 km
SW (Baldo et al. 2002), whereas upstream of this dam,
previous records are about 250 km northeast (straight
line) on the margins of the Itaipt Lake (Flavia Netto,
pers. comm.). Prior records of L. limellum downstream
of Parana River also correspond to Apipé Island
(Alvarez et al. 2002). For this species, an old record of
two specimens in a temporary pond is more than 45 km
West of the Parana River in the province of Misiones,
Argentina (Céspedez and Klein 2002).

Although limited research exists on the influence of
dam construction on amphibians, studies suggest that
habitat changes may favor the settlement of species
that were not registered before (Stanescu et al. 2015).
Conversely, dams may adversely impact populations
that were common before flooding, particularly species
that require intact stream habitat (Brandao and Araujo
2008; Naniwadekar and Vasudevan 2014; Stanescu et al.
2015). Given our results, we suggest that the creation
of previously non-existent habitats like inlets, bays,
and lagoons allowed colonization by B. punctata and
L. limellum. These habitats offer protection from the
wind and facilitate sedimentation, allowing permanent
settlement of large areas of aquatic macrophytes that
are suitable habitats for both species. In support of
this inference, the upstream limit of the Yacyreta Lake,
near the town of Corpus Christi (Cc), coincides with
the upstream extent of large areas with permanent
settlements of macrophytes and the new records of
B. punctata and L. limellum on the Parana River in
Misiones.

Though B. punctata and L. limellum rely on floating
vegetation along the margins of big rivers where they
can camouflage during the day (Taboada et al. 2020),
the two frog species differed markedly in the type
and characteristics of the vegetation they use. While
B. punctata uses the vertical structure of plants like
E. crassipes and P. repens for their complex social
interactions (Brunetti et al. 2014, 2015), and stand out
over the red color of E. crassipes with their green-cyan
fluorescence (Taboada et al. 2017; Fig. 4), L. limellum
uses aquatic plants that lie flat over the water surface such
as Salvinia sp. (Hodl 1977). The differing habitat-use of
B. punctata and L. limellum may explain the distribution
we documented of these species in the Parana River
under the influence of Yacyretd Dam. For instance, we
only observed B. punctata in sites with a high density
of E. crassipes, whereas we found L. limellum across
a variety of densities of . crassipes from low to high.

The distribution pattern of both frog species in the
Yacyreta Lake may be explained by their potential
forms of dispersal. In particular, the strong association
between B. punctata and FEichhornia spp. suggests
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that when flood pulses or wind displace rafts of these
macrophytes, they can serve as important dispersal
vectors (Guerrero et al. 2017; Schiessari et al. 2003;
Hod1 1977). Because there are old records of this species
at the Itaipu Lake (upstream of all sites we surveyed),
it is feasible that B. punctata may have dispersed into
the surveyed wetlands via rafts, which can travel tens
of km per day (Schiessari et al. 2003). This scenario
could also explain why we observed B. punctata only in
sites close to the river margins, like bays and lagoons,
and not in large inlets where macrophytes occur > 3m
from the mainstem Parand River shore. Similar to B.
punctata, L. limellum may also use macrophyte rafts for
dispersal along the course of the large rivers, but unlike
B. punctata, the observation of different populations of
L. limellum at large inlets and at ponds disconnected
from the river system indicate that this species can
move longer distances in the water independently of
macrophytes or the path of the river.

Our study suggests a tight relationship between the
environmental changes produced by the construction of
Yacyretd Dam and the distribution of two hylid species
that had not been previously observed along several kms
at the High section of the Parana River. The creation of
novel lentic and semi-lentic habitats and the arrival of B.
punctata and L. limellum are connected by the permanent
establishment of aquatic macrophytes. We strongly
believe the potential for dispersal of different plant
and animal species into human-altered environments
deserves the same concern and attention as dispersal
within well-established natural environments. This
belief'is supported by the reconciliation ecology concept
aiming to redesign and rethink anthropogenic habitats
so that they are compatible with use by other species
(Rosenzweig 2003). In particular, because wetlands
are considered one of the most biological diverse
ecosystems on earth (Keddy 2010), we recommend a
reconciliation approach to manage the novel wetlands
along the shores of the Yacyreta Lake. This approach
would allow assessing these novel environments not
just as isolated habitats, but in terms of a bigger wetland
corridor that protects diversity and species interactions.
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ApPENDIX TABLE 1. Location of fieldwork conducted in this study. Asterisks (*) indicate surveys prior to Yacyreta Lake
filling to maximum capacity in 2011.

Locality Name Site Coordinates Pre-dam
Posadas (Po) Pol 27°22'08.9"S 55°57'47.0"W
Pol 27°22'00.0"S 55°58'52.0"W *
Po2 27°21'06.8"S 55°5423.8"W
Po2 27°21'06.0"S 55°54'37.0"W *
Po3 27°21'57.0"S 55°53'00.0"W *
Candelaria (Ca) Cal 27°28'58.8"S 55°47'51.3"W
Cal 27°27'00.0"S 55°48'36.0"W *
Ca2 27°27'05.8"S 55°45'33.6"W
San Ignacio (Si) Sil 27°18'54.4"S 55°34'30.3"W
Si2 27°17'19.0"S 55°35'41.2"W
Si3 27°15'55.0"S 55°34'01.8"W
Corpus Christi (Cc) Cel 27°09'42.0"S 55°33'07.3"W
Cc2 27°07'44.2"S 55°33'33.9"W
Cc3 27°06'34.0"S 55°31'17.1"W
Santo Pipo stream Spl 27°07'10.0"S 55°27'56.0"W *
Nacanguazii Stream (Na) Ns 27°05'39.9"S 55°26'11.9"W
Colonia Polana (Cp) Cp 26°58'04.3"S 55°20'00.3"W

ArpenDIX TABLE 2. Catalog numbers of voucher specimens housed in the Herpetological Collection of LGE, “Claudio J.
Bidau,” of the Instituto de Biologia Subtropical (IBS-CONICET-UNaM), Posadas, Misiones, Argentina.

Species

Vouchers

Boana punctata

Flourescent Frog

Lysapsus limellum

Uruguay Harlequin Frog

Candelaria (Ca): LGE 22656, 22675-80, 22993-23000. San Ignacio (Si): LGE
23277-23284. Corpus Christi (Cc): LGE 22772-3,22781-5.

Posadas (Po): LGE 22653. Candelaria (Ca): LGE 20088, 22489, 226668,
22988-90. San Ignacio (Si): LGE 224846, 22650, 23262, 23268-76.
Corpus Christi (Cc): LGE 22774-5, 22778-80, 22786, 230202, 23025-35.
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Green Chlorophyll Index
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ArpPENDIX FIGURE. Green Chlorophyll Indices (GCI) estimated for some sites surveyed in this study (abbreviations as in
Appendix Table 1) in 1990 (upper panel, before Yacyreta Dam construction) and 2020 (lower panel, after the Lake reached
maximum capacity). The processing of the satellite images was performed on the Google Earth Engine platform with the
Landsat 5 and 8 image collections.
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