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ABSTRACT

Over the last century, urban development has steadily resulted in wetland destruction, stream
flow disturbance, and land clearing. Small intermittent wetlands are easily overlooked in large
cities, and the secretive nature of amphibian species in these habitats can hinder see the big
picture about the persistence of populations in urban habitats. Here, we determined anuran
detectability associated with site-specific and survey-specific variables. We also identified
the reproductive modes and described the calling activity along a four-year period in urban
ponds of the Brazilian Cerrado ecoregion. We recorded 16 anuran species, but only nine were
detected at levels suitable for modeling. Seven reproductive modes were observed in the as-
semblages, and although breeding choruses were more common in the rainy season, calling
activity was also recorded in the dry season for 11 species. Anuran detectability was related to
pond water depth, rainfall for the previous 24h, and day-of-year. Our results showed interplay
between species-specific traits and water availability. We highlight that urban ponds can harbor
a considerable proportion of anuran diversity; however, urbanization seems to constraint even
generalist species recorded for the Cerrado ecoregion.

Key words: Temporary Wetlands; Cerrado; Amphibians; Water availability; Reproductive
modes.

RESUMO

Ao longo do ultimo século, o desenvolvimento urbano resultou constantemente na destrui¢ao
de dreas umidas, alteragdo do curso de riachos e desmatamento. Pequenas areas imidas inter-
mitentes sdo facilmente ignoradas nas grandes cidades, e a natureza inconspicua das espécies
de anfibios nestes habitats pode esconder o quadro geral sobre a persisténcia das populagdes
em ambientes urbanos. Aqui, determinamos a detectabilidade de anuros associada a variaveis
especificas do local e da amostragem. N6s também identificamos a diversidade de modos repro-
dutivos e atividade de vocaliza¢do ao longo de um periodo de quatro anos em lagoas urbanas
do Cerrado. Registramos 16 espécies de anuros, mas apenas nove foram detectadas em niveis
adequados para a modelagem. Sete modos reprodutivos foram observados nas assembleias e,
embora coros reprodutivos tenham sido mais comuns na estagao chuvosa, a atividade de vo-
caliza¢do também foi registrada na estagdo seca para 11 espécies. A detectabilidade de anuros
foi relacionada a profundidade da agua, precipitagio nas 24h anteriores e dia do ano. Nossos
resultados mostraram uma interagdo entre tracos especificos das espécies e a disponibilidade
hidrica. Destacamos que as lagoas urbanas podem abrigar uma por¢ao consideravel da diver-
sidade de anuros. Entretanto, a urbanizagdo parece restringir até mesmo espécies generalistas
registradas para a ecorregiao do Cerrado.

Palavras Chave: Areas Umidas Tempordrias; Cerrado; Anfibios; Disponibilidade hidrica; Modos
reprodutivos.

Introduction

Rapid urban development is a major threat for bio- light pollution), and changes in microbiota interac-
diversity, presenting unprecedented challenges to tions are just a glimpse of how urbanization might
many plant and animal species. Ongoing habitat loss change the profile of biodiversity in cities (Babini et
and fragmentation, human disturbances (e.g. heat al., 2015a; Murray et al., 2019). In urban environ-
islands, exposure to harmful chemicals, noise, and ments, small wetlands (< 1ha) are often viewed as

Author for correspondence: leonardobm@gmail.com

25



N. P. Smaniotto & L. F. B. Moreira — Anuran detection in urban ponds.

wastelands and easily overlooked, mainly the inter-
mittent ones. Nevertheless, these apparently isolated
habitats are important refuges for biodiversity and
the persistence of local populations of wetland-
associated organisms, such as plants, invertebrates,
and amphibians (Semlitsch and Bodie, 1998; Deane
et al., 2017; Hutto and Barrett, 2021).

As Brazil hosts a mega diversity of amphibians
(Segalla et al., 2021), it is unsurprising that some
species can thrive in urban areas (e.g. Ferreira et al.,
2010; Menin et al., 2019; Dorigo et al., 2021). The
challenge is that the Brazilian territory encompasses
different forest and non-forest ecoregions, which
reflect in patterns of species endemism and phyloge-
netic endemism across the country (Vasconcelos et
al., 2019). Among these highly diverse systems, the
Cerrado ecoregion is a mosaic encompassing a broad
spectrum of vegetation types—such as grasslands,
open and dense savannas, and dry forests—affected
by a strong seasonal climate (Del-Claro and Tore-
zan-Silingardi, 2019). Despite the Cerrado harbors
several endemic species of amphibians (Azevedo et
al., 2016), local assemblages show predominance
of widely-distributed species that are considered
habitat generalist with generalized breeding requi-
rements (Brasileiro et al., 2005; Gambale et al., 2014;
Santoro and Branddo, 2014; Ferreira et al., 2017).
Such use of multiple types of habitats and generali-
zed reproductive modes (i.e. aquatic eggs deposited
directly in the water or in foam nests on the water)
have been pointed as adaptations to unpredictable
habitats and dry environments (Gomez-Mestre
et al., 2012; Santoro and Brandéo, 2014), but they
also seem key to amphibian survival and successful
reproduction in human-altered landscapes (Hamer
and McDonnell, 2008; Ferreira et al., 2017).

Amphibians inhabiting urban areas have recei-
ved little attention, mainly in megadiverse tropical
areas. Available information about aspects of repro-
ductive ecology in the city’s wetlands indicated issues
related to habitat split, reduction in body size, and
assemblage homogenization with decreases in arboreal
amphibian species (Acosta et al., 2005; Babini et al.,
2015a; Murray et al., 2019). Still, research into urban
ecology is in its beginnings in tropical environments.
The lack of information about species occurrence,
phenology, and population fluctuations hinders
forecasts about impacts on environments that still
resist urbanization. Two other subtle issues must
be recognized here. First, species inventories and
studies on amphibian-habitat relationships are often
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based on either short-term data or derived from
random samplings focused on the breeding season.
However, temporary unsuitable weather or breeding
site conditions, infrequent or unpredictable spe-
cies breeding behavior may jeopardize abundance
estimates and observed patterns (Greenberg et al.,
2017; Ledo Pompeu et al., 2020). Second, detection
probability estimates for amphibians are often low
(< 0.5) and high variability in the detection for spe-
cies in the same community has been reported in
different environments (Barata et al., 2017; Ribeiro
et al., 2018; Asad et al., 2020).

Although imperfect detection may depend on
a myriad of conditions that vary geographically, it is
notable that amphibian detectability depends on the
individual species traits, survey conditions, aquatic
vegetation, and hydroperiod (Moreira et al., 2016;
Ribeiro et al., 2018; Asad et al., 2020). In addition,
amphibians often exhibit periodic cycles (i.e. pheno-
logy) of calling activity/reproduction that go along
in concert with temperature, precipitation, and pond
water availability (e.g. Andrade et al., 2019; Souza et
al., 2020). A major issue is trade-offs and synergies
between phenology and detectability. For example,
shifts in phenology can be masked by imperfect
detection if calling activity and detectability were
linked to distinct environmental factors (Lowe et al.,
2016). Only a few studies on amphibians from rapidly
urbanizing regions have incorporated detection pro-
babilities to understand species-habitat relationships
(Hamer, 2018; Hamer et al., 2021). Although water
availability seems to affect detectability at species level
in urban areas, overall assemblage patterns are also
depending on temperature and day-of-year.

Here we provide information on the anuran
amphibian assemblages associated to temporary
ponds in urban areas of the Brazilian Cerrado
ecoregion. First, we determined detectability associ-
ated with site-specific and survey-specific variables.
We expected seasonal variation in detectability
(i.e. higher values during rainy periods), although
some species could be detected regardless of season
(Guimaraes et al., 2014; Barata et al., 2017). Then, we
identified the reproductive modes and described the
calling activity over a four-year period (2015-2019).

Materials and methods
Study area

Cuiaba is the fourth largest city in Midwestern
Brazil that together with Varzea Grande—a satellite



city—forms an urban agglomeration with a popula-
tion of approximately 913 thousand people (IBGE
2020). Cuiabd has a tropical savanna climate, with
an annual mean temperature of 26.8°C and annual
mean precipitation of 1495 mm, concentrated from
November to March (~70%; Souza et al., 2013). Fifty-
five species of amphibians inhabit the Greater Cuiaba
area (Dorado-Rodrigues et al., 2018) and many of
these are known to breed in aquatic environments,
although some species have terrestrial reproduction.

We conducted our fieldwork in sites loca-
ted at the Universidade Federal de Mato Grosso
(15.612114°S, 56.068240°W). Three small temporary
ponds (Fig. 1), located 0.28-0.8 km apart, were selec-
ted to represent different types of habitats available
for amphibians in urban areas of Cuiaba: i) feed by
irregular inundation by headwater streams during
heavy rains; ii) feed by surface runoft along roads and
pluvial drainage associated to rain; iii) feed exclusively
by precipitation. In the middle of the rainy season,
all ponds support aquatic vegetation and small fish
schools are found in the ponds feed by flood or plu-
vial drainage. All sampling sites were close to human
infrastructure (i.e. roads, buildings). The vegetation
in these areas consisted mostly of shrubs, grasses, and
sparse trees of native and exotic species. Traffic noises,
constant movement of people, and night lighting
associated with vehicle headlights and street lighting
are widespread in all ponds surrounding areas.

Field methods

We surveyed each site 56 times: seven times in the
dry season (May to September) and seven times in
the rainy season (November to March) over four
consecutive years (2015-2019). Between January
and March 2015 we surveyed our ponds, as a pilot
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study, to test ideas and the feasibility of our sampling
design. All ponds were surveyed on the same night
between 18:00h and 22:00h and the areas were sam-
pled in random order. Two trained field observers
followed two different 50-m transects perpendicular
to the edge of the pond. Each transect was sam-
pled by only one observer during 20 minutes. We
registered the presence of all amphibians, visually
(distinguishing between adult and juvenile frogs) or
acoustically. Calling activity for each species heard
was classified in two groups: i) call of individuals
can be distinguished, with little overlapping, ii) full
chorus, calls are constant, continuous and overlap-
ping. All individuals were identified in the field and
returned to the ponds. The species were grouped
into their respective reproductive modes following
the classification proposed by Nunes-de-Almeida
et al. (2021).

Data on survey-specific factors thought to
influence detection, colonization and local extinc-
tion probabilities were collected (Roloff et al., 2011;
Moreira and Maltchik, 2015). These include day-
of-year, rainfall in the last 24-hour period, air tem-
perature, pond water depth, hydroperiod, presence
of superficial water, and time since the last rain. We
transformed the calendar dates of each sampling
into day-of-year (i.e. count the number of a given
day in the year). To measure precipitation during
the study period, we used a single rain gauge placed
in the center of the study area. The temperature was
measured at the beginning of each pond sampling.
The water column depth corresponded to average
values of four random measures using a ruler.

Data analyses

For our analysis of detection estimates, we used a
multi-season occupancy model that explicitly ac-
counts for imperfect detection (MacKenzie et al.,
2006). The study consisted of eight primary sampling
periods (seasons) and within each primary period
seven surveys by pond (sampling nights). Only
species with a detection probability > 0.15 were
modeled (O’Connell et al., 2006). Ten out of the 12
species recorded during our pilot study were present
in more than one pond, so we assumed a constant
occupancy probability (y) over the study. We choose
not assesses factors associated with pond occupancy,
because the closeness among sampled ponds. Still,
colonization (y) and extinction (¢) probabilities may
change among the primary sampling periods. We
built models where y was related to pond hydrope-
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riod (i.e. number of samplings events with water in
each season) and € was related to species abundance
in the previous season.

We followed a two-step process for building
occupancy models (Roloft et al, 2011). First, we
modeled those variables that we thought would
influence detection probabilities (d), including
rainfall, pond water depth, presence of superficial
water, air temperature, day-of-year and time since
the last rain while holding other parameters constant
(v, 7, €). As we expected that detection probability
may reach a peak at a particular date (e.g. onset
of the rainy season), we included day-of-year as a
quadratic term. We used a correct Akaike’s infor-
mation criteria (AICc; Burnham and Anderson,
2002) to rank candidate models for each species.
Second, we examined occupancy models with the
best model for detection probability (ie., v (.), y
(hydroperiod), ¢ (abundance), d (best covariate)).
Then, we conducted a goodness-of-fit-test based
on 999 simulations to detect if violations of model
assumptions had occurred and to evaluate the fit
of the most supported model to the data. Variance
inflation factor (¢) values > 1 indicate overdispersion,
while values much higher than 1 (i.e. > 4) indicate
a lack of fit (MacKenzie and Bailey, 2004). Analyses
were carried out using the R statistical computing
environment (R Core Team, 2021), and its package
unmarked (Fiske and Chandeler, 2011). Juveniles
can achieve large numbers for some anuran species
and their emergence may be decoupled from adult
breeding season (Lopez et al., 2011; Lopez et al.
2017). Because such abundance shift could bias the
detectability, we analyzed the data in two ways: i) all
individuals; ii) excluding juveniles.

Results

We recorded a total of 16 species in the study area
belonging to 10 genera and four families (Bufonidae,
Hylidae, Leptodactylidae, and Microhylidae; Figs.
2-3). Here, individuals recorded as Adenomera sp.
correspond to a species not yet formally described,
with populations present in Cuiaba and Chapada
dos Guimaraes municipalities (C. Striissmann, pers.
communication). During the four years of the study
period, we recorded a total of 3789 individuals, of
which about 10% corresponded to juveniles (N =
325).

We could not confirm the breeding activity
(i.e. amplectant pairs, eggs, juveniles) of six species
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(Boana geogmphica, B. raniceps, Scinax fuscovarius,
Adenomera sp., Leptodactylus syphax, and Pseudo-
paludicola motorzinho) of the 16 species observed
in calling activities. Three species corresponded to
65% of all amphibians recorded during the surveys
(Dendropsophus nanus, Leptodactylus fuscus, and
Physalaemus albonotatus; Table 1). Although, adult
abundance recorded in the dry season was around
30% of the abundance recorded in the rainy season,
juveniles were seen in similar numbers both in the
dry and rainy seasons (Table 1). Hydroperiod was
quite variable, with environments retaining water
from a few days to more than seven months in some
years.

Calling phenology

We recorded calling individuals for most species (11
of all 16 species) both in the dry and rainy seasons
(Table 1). Even so, some species exhibited notable
inter-annual variation in the phenology (see Supple-
mentary 1). For example, calling records of three
species (D. nanus, Scinax nasicus, and Elachistocleis
bicolor) were sparse in the two first years of monitor-
ing, increasing from the end of 2016. On the other
hand, L. syphax callings were seldom recorded after
December 2016. Except for Adenomera sp., calling
activity of leptodactylids was common in both sea-
sons. However, breeding choruses were registered
only in the rainy season, mainly between November
and February. Between March and August, obser-
vations of Leptodactylus elenae and L. labyrinthicus
corresponded mainly to visual registers of individu-
als with small sizes and calling activity was hardly
detected. For L. fuscus, we also registered a reduction
in the calling activity during the transition from the
rainy to dry season, but both adults and juveniles
were often sighted. Breeding choruses of species
belonging to Microhylidae family were recorded
from November to January, although sparse callings
of E. bicolor were recorded in the dry season. While
breeding choruses of S. nasicus were recorded only
in the rainy season, D. nanus also formed breeding
choruses in the middle of the dry season (Supple-
mentary 1). Juveniles of D. nanus and S. nasicus
were often sight in the beginning of dry season. We
registered seven reproductive modes (Table 1), sensu
Nunes-de-Almeida et al. (2021), as follow: i) three
modes with eggs deposited in the water (Mode 1, 2,
and 3); ii) two modes with floating foam nests (Mode
45 and 50); iii) two modes with terrestrial foam nest
in constructed burrows (Mode 62 and 64).
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Figure 2. Amphibians recorded at urban ponds from Cuiabd, Mato Grosso, Brazil. A-Rhinella diptycha, B-Boana
geogmphica, C-Boana raniceps, D—Dendropsophus nanus, E-Scinax fuscovarius, F-Scinax nasicus, G-Adenomera sp.,
H-Leptodactylus brevipes.
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Figure 3. Amphibians recorded at urban ponds from Cuiaba, Mato Grosso, Brazil. A-Leptodactylus elenae, B-Lepto-
dactylus fuscus, C-Leptodactylus labyrinthicus, D-Leptodactylus syphax, E-Physalaemus albonotatus, F-Pseudopaludicola
motorzinho, G-Chiasmocleis albopunctata, H-Elachistocleis bicolor.
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Table 1. Amphibian species recorded in temporary ponds in the urban area of Cuiabd, Mato Grosso State, Brazil, from 2015 to 2019.
Ab: total abundance—adults (juveniles). (+): distinguishable calls. (*): full chorus. Rm: reproductive mode

Dry season

Rainy Season

Family/ Species Detection(N) Rm
Ab Calling Ab Calling
Bufonidae
Rhinella diptycha 13 26(11) + 31 2
Hylidae
Boana geographica 1 + 1 2
Boana raniceps 2 + 1 3
Dendropsophus nanus 267(114) +* 518(83) +* 84 1
Scinax fuscovarius 3 + 4 2
Scinax nasicus 137(18) + 157(3) +* 101 3
Leptodactylidae
Adenomera sp. 2 + 92 +* 24 62
Leptodactylus brevipes 75 + 180(7) +* 60 50
Leptodactylus elenae 3(4) + 162(2) +* 29 64
Leptodactylus fuscus 105(14) + 553(19) +* 145 64
Leptodactylus labyrinthicus 9(4) + 103(7) +* 66 50
Leptodactylus syphax 2 + 15 + 13 50
Physalaemus albonotatus 185(12) + 552(21) +* 138 45
Pseudopaludicola motorzinho 2 + 1 2
Microhylidae
Chiasmocleis albopunctata 6 + 108(4) +* 17 1
Elachistocleis bicolor 23 + 162(3) +* 60 1

Detection probability

Seven species were deemed unsuitable for unbiased
modeling because of low detection: Adenomera sp.,
Chiasmocleis albopunctata, B. geographica, B. rani-
ceps, L. syphax, P. motorzinho, and S. fuscovarius.
Models for Rhinella diptycha failed to converge
and were discarded. Colonization and extinction
rates were not related to any investigated variables
for the nine species modeled (Table 2). Overall,
the best models for detection probability included
survey-specific variables related to water availability,
although the relationship varied from species to
species. The best model for each species received
overwhelming support in all cases (i.e. AAICc > 2=
evidence ratio > 2.7). Although none model showed
a lack of fit, we found evidence for overdispersion
for some leptodactylid species (Table 2).

Pond water depth showed positive effects on
detectability for three species: D. nanus, Leptodacty-
lus brevipes, and P. albonotatus. Our data suggested
that D. nanus and P, albonotatus can be detected at
levels > 0.70 even at shallow water conditions (depth
~ 10 cm), whereas L. brevipes require deeper habitats

(Fig. 4A). Rainfall in the last 24-hour period influ-
enced positively in the detection probability for E.
bicolor and S. nasicus (Fig. 4B). Detectability of three
Leptodactylus species exhibited association with day-
of-year. Leptodactylus elenae and L. labyrinthicus had
lower detection values around day-of-year 70 (~ 10
Mar), while L. fuscus had a detection of about 0.50
in the same period (Fig. 4C). The slope for increase
in the detection was slightly species dependent, with
the two species in the L. fuscus group being detected
at levels > 0.90 from day-of-year 200 (late July, at
middle of the dry season). Even after juvenile exclu-
sion, the best models exhibited similar results for all
species analyzed (see Supplementary 2).

Discussion

While we observed variation in detectability among
months for some species, our results did not seem
directly related to seasonal rainfall distribution. It
is interesting to note that detection probabilities
recorded here were a reflection of the interplay
between species-specific traits and water availabi-
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Table 2. Parameters contained in the best models of detection probability for eight species of anurans in Cuiaba, Mato Grosso State,
Brazil. Evidence ratio: ratio of Akaike weights between the two best ranked models

Species and model Evidence ratio ¢ P

Y € d
Dendroposophus nanus
Y(.), y(hydroperiod), e(abundance), d(depth) >100 0.8 0.23 0.96 <0.001
Scinax nasicus
y(.), y(hydroperiod), e(abundance), d(rainfall) 3.7 0.9 0.99 0.94 0.008
Leptodactylus brevipes
y(.), y(hydroperiod), e(abundance), d(depth) >100 0.7 0.34 0.56 <0.001
Leptodactylus elenae
y(.), y(hydroperiod), e(abundance), d(day-of-year) >100 1.8 0.98 0.75 <0.001
Leptodactylus fuscus
y(.), y(hydroperiod), e(abundance), d(day-of-year) 30 0.9 0.99 0.95 <0.001
Leptodactylus labyrinthicus
Y(.), y(hydroperiod), e(abundance), d(day-of-year) >100 14 0.97 0.58 <0.001
Physalaemus albonotatus
y(.), y(hydroperiod), e(abundance), d(depth) >100 0.7 0.99 0.96 <0.001
Elachistocleis bicolor
y(.), y(hydroperiod), e(abundance), d(rainfall) 14.1 1.0 0.95 0.3 <0.001

lity. Similar to previous studies in Cerrado areas
(Santoro and Brandao, 2014; Vaz-Silva et al., 2020),
the anuran assemblages from urban areas of Cuiaba
were characterized by the predominance of repro-
ductive modes where eggs are deposited directly in
the water without the protection of foam. Still, we
also observed strategies involving aquatic (floating
on the water or laid in constructed depressions)
and terrestrial foam nests. Most species were con-
tinuously detected along the four years, and the
exceptions were few species that were detected only
once (Boana geographica, B. raniceps, and Pseudo-
paludicola motorzinho) or at few occasions (N=4;
Scinax fuscovarius).

Here, many species detected at levels suitable
for modeling are widely distributed and considered
generalist species (Brasileiro et al., 2005; Valdujo
et al., 2012). Despite being able to occupy different
types of habitats, these species may exhibit distinct
behavioral traits that in turn reflect on the visual de-
tection. Previous studies highlighted the importance
of specific ecological responses of amphibian species
to deal with the low environmental heterogeneity
in urban wetlands (Acosta et al., 2005; Babini et
al., 2015a). So, results from our study may be ex-
plained by: i) species different calling behaviors; ii)
microhabitat where to lay their eggs; iii) adults and
post-metamorphic juveniles movement patterns.

32

Although Elachistocleis bicolor and Scinax nasicus
have distinct life habits (fossorial x scansorial), both
species are explosive breeders associated to heavy
rains (Prado et al., 2005). In this sense, the positive
association between detectability and rainfall in the
last 24-hour period was not unexpected. Species with
prolonged breeding behavior were more closely asso-
ciated with changes in water depth. Dendropsophus
nanus and Physalaemus albonotatus, which eggs are
deposited on the surface of the water, showed a fast
increase in the detection rates following pond filling.
On the other hand, Leptodactylus brevipes, which
used constructed depressions at edges of flooded
areas, showed a smoother increase. Although L.
brevipes was generally observed in shallow areas—we
observed adults attending tadpole schools in several
occasions—the depression construction may be
somewhat dependent of pond depth, as the water
inside the depression should probably permeate
from the adjacent pond.

Intriguingly, some species showed low detecta-
bility at the end of the rainy season with increasing
towards the dry season. The apparent overdispersion
identified in the models for Leptodactylus elenae and
L. labyrinthicus indicates a possible clumping in the
observed records. At first glance, increasing detec-
tability could be attributed to juveniles migrating
from the pond. However, the patterns observed here
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Figure 4. Relationship between detection probability of eight anuran species and (A) pond water depth, (B) rainfall in the last 24-
hour period, (C) Day-of-year, at urban ponds from Cuiabd, Mato Grosso, Brazil, between 2015-2019. Only species with significant

association are shown in each panel.

remained after the juvenile’s exclusion. Movement
ecology of amphibians is currently poorly unders-
tood, but species’ behavioral differences seem to play
a major role in key movement decisions, with some
generalist species having less motivation to leave
the natal pond (Pittman et al., 2014; Bredeweg et
al., 2019). Studies have observed that many species
recorded here seem engage in dispersal during the
transition from the rainy to dry season (Watling et
al., 2009; Moreira et al., 2017). On the other hand,
the relative high detectability along the year suggests

that both juveniles and adults of L. fuscus are less
motivated to departure from the ponds. As species
responses and phenology may exhibit large diffe-
rences between wet and dry years (e.g. Lowe et al.,
2016; Hamer, 2018), our findings reinforce the need
for long-term studies encompassing annual variation
along both wet and drought periods.

Also noteworthy is the low number of juvenile
records, except for D. nanus. Studies on recruitment
in amphibian assemblages have reported that the
juvenile records often exceed the total number of
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adults (Hocking et al., 2008; Lopez et al., 2011). With
that in mind, we presume that the low recruitment
indicates that many individuals might not successfu-
lly metamorphose in the studied ponds. We can
only speculate on impacts on tadpole mortality or
metamorphosis rates, such as altered hydroperiod
and contaminants (Babini et al., 2015b; Brannely
et al., 2019). Because of lack of data, we were not
able to determine detectability in juveniles. Still, we
cannot rule out detection juvenile’ bias that may act
simultaneously with other mechanisms.

In line with accumulating evidence of urban
amphibian assemblages (Acosta et al., 2005; Babini
et al., 2015a; Menin et al., 2019; Dorigo et al., 2021),
our results showed that intermittent ponds in urban
areas can harbor a considerable proportion of anuran
diversity. Despite the small size and accentuated
degradation of surrounding environments, we
found 30% of all anuran species recorded for Cuiaba
municipality. The overall species richness (16 spp.)
is lower compared to species richness recorded in
Cerrado remnants affected by human activities (~30
spp.), such as crops or hydropower plants (Araujo
and Almeida-Santos, 2011; Morais et al., 2012; Silva
etal, 2015). In the case of Neotropical amphibians,
an emerging trend for surveys in a range of urban
areas—from rainforests to non-forest biomes—is
similar richness. For instance, short-term studies
performed in different Amazonian ecoregions re-
ported between 15-20 species (Knispel and Barros,
2011; Pereira Jr et al., 2013; Menin et al., 2019).
Considering only primary data, similar results were
also reported for areas in the Cerrado (17-20 spp.
Ferreira et al., 2017; Ganci et al., 2022), Dry Cha-
co (8-12 spp. Acosta et al., 2005; Palavecino and
Garcia, 2008; Babini et al., 2015a), Humid Chaco
(15 spp. Pesci et al. 2018), Pantanal and Uruguayan
savanna ecoregions (16 spp. Avila and Ferreira, 2004;
Entiauspe-Neto and Freitas, 2016).

To conclude, detection rates of amphibians
were related to water availability in urban wetlands,
and they were highly variable between species. This
study showed some occurrence/phenology patterns
that may not be apparent in typical snapshot survey
studies. It is essential that monitoring programs ac-
count for imperfect detection considering species
individually and include assessments encompassing
seasonality (i.e. both conditions ideal for detecting
species and drought periods). Widespread amphib-
ian species, as recorded here, are also challenged by
widespread threats that likely alter the local environ-
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ment in distinct ways (Nowakowski et al., 2018).
Rapid climate change, reduced resources, and man-
made stress call for a multidisciplinary approach to
maximize the persistence of amphibian populations
also in urban landscapes. Future studies can combine
behavioral and morphological traits to anticipate
what will happen and help maintain ecosystem
services associated with amphibians (e.g. biological
control, nutrient cycling). We hope that our results
highlight the role of temporary/ephemeral ponds
as a refuge for biodiversity. Isolated urban wetlands
are not expendable, because their importance for
freshwater biodiversity is far from the shallow now.
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