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ABsTRACT—Species distribution is an essential factor in conservation efforts, and when new species are identi-
fied, a lack of information about their distribution may arise. In this study, we present an updated distribution
map of Pseudopaludicola motorzinho, which includes two new occurrence records, and estimate the occurrence of
the species using ecological niche modelling (ENM). The species was found in a total of 21 localities and
occurs in four different ecoregions, namely Pantanal, Cerrado, Chiquitano Dry Forest, and Humid Chaco,
located in the Midwest of Brazil and East Bolivia. The ENM predicted distribution remained adjusted to the
occurrence points in Brazil and Bolivia, and projected the possible occurrence of the species in the eastern
and central portions of Bolivia. The three advertisement calls that we recorded showed a slightly different pat-
tern from those previously described for the species. Although P. motorzinho is present in other ecoregions, it is
mainly associated with the Pantanal floodplains, with its life cycle intimately linked to the habitats provided by
the floodplain. Unfortunately, this area has suffered severe drought and wildfires in the last years (2019-2022),
which may have a direct impact on the species.

ResumeEn—La distribucién de especies es un factor importante para la conservacion, y cuando nuevas espe-
cies son descritas, la falta de conocimiento acerca de su distribucién puede surgir. Aqui presentamos una
actualizacion del mapa de la distribucién de Pseudopaludicola motorzinho, incluyendo dos nuevos registros, y esti-
mando la existencia de esta especie usando modelaje de nicho ecolégico (MNE). Esta especie fue colectada en
21 localidades, y existe en cuatro ecoregiones, en Pantanal, Cerrado, Bosque Seco Chiquitano y Chaco
Humedo, en el medio oeste de Brasil, y al este de Bolivia. La distribucién pronosticada por el MNE se mantuvo
ajustada a los puntos de existencia de Brasil y Bolivia, y sugiri6 la posible existencia de la especie en las sec-
ciones orientales y centrales de Bolivia. Los tres cantos de anuncio registrados presentaron patrones un poco
diferentes a los ya descritos para la especie. A pesar de existir en otras ecorregiones, P. motorzinho es asociada
principalmente con las planicies inundables del Pantanal por tener ciclo de vida intimamente relaciono a los
habitats provistos en las planicies inundables. Lamentablemente, esta area ha sufrido por las sequias extremas
y los incendios forestales en los Gltimos afios (2019-2022), lo que puede impactar directamente a esta especie.

The genus Pseudopaludicola currently comprises 25 spe-
cies of smallsized leptodactylids frogs, occurring along
South America (Amphibians Species of the World, https://
amphibiansoftheworld.amnh.org/index.php.). The species
within this genus with a T-shaped terminal phalanges are

northern Argentina to Guiana Shield, covering Colombia,
Venezuela, Paraguay, Bolivia, and Brazil (Costa-Campos
et al.,, 2016; Pansonato et al., 2016; Barrio-Amords et al.,
2019).

Pseudopaludicola motorzinho is a small species (~17 mm

allocated in the P. pusilla species group (sensu Lynch, 1989),
which is composed of five species (P. boliviana; P. ceratophyes
P. llanera; P. motorzinho, and P. pusilla) distributed from
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snout-vent lenght) in relation to their congeners and is dis-
tributed in the south of Mato Grosso, west of Mato Grosso
do Sul (Brazil) and in Northeastern Bolivia (Pansonato
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TaBLE 1—Occurence records of localities where occurs Pseudopaludicola motorzinho used in the Ecological Niche Models. BOL =
Bolivia; BRA = Brazil; MS = Mato Grosso do Sul state; MT = Mato Grosso State; * = type locality.

Country State/Department Municipality Altitude (m) Lat Long Reference Call
BOL Santa Cruz Provincia Angel Sandoval 102 —17.0386 —58.5286 Pansonato etal. (2016) —
BOL Santa Cruz Provincia Velasco 199 —14.9105 —61.0725 Pansonato etal. (2016) X
BRA MS Campo Grande 506 —20.5374 —54.7547 This study X
BRA MS Aquidauana 117 —19.7561 —55.8630 Neves et al. (2020) —
BRA MS Corumba 105 —18.9880 —56.6191 Neves et al. (2020) —
BRA MS Corumba 142 —17.8775 —57.5577 Pansonato etal. (2016) X
BRA MS Miranda 90 —19.5525 —57.0388 This study X
BRA MS Miranda 115 —20.0866 —56.6155 Neves et al. (2020) —
BRA MS Porto Murtinho 78 —21.7000 —57.8750 Pansonato etal. (2016) —
BRA MS Porto Murtinho 96 —21.7019 —57.7208 Neves et al. (2020) —
BRA MS Porto Murtinho 123 —21.4922 —57.5869 Neves et al. (2020) —
BRA MT Barao de Melgaco* 126 —16.5886 —56.2805 Pansonato etal. (2016) X
BRA MT Caceres 207 —15.9744 —57.5297 Pansonato etal. (2016) X
BRA MT Caceres 237 —16.2997 —58.1525 Pansonato etal. (2016) X
BRA MT Cuiaba 194 —15.6591 —b55.9416 Pansonato etal. (2016) X
BRA MT Jaciara 379 —15.9558 —54.9752 Pansonato etal. (2016) X
BRA MT Nossa Senhora do Livramento 129 —16.3661 —56.3091 Pansonato etal. (2016) X
BRA MT Poconé 107 —16.6522 —57.1561 Pansonato etal. (2016) —
BRA MT Poconé 117 —16.5161 —56.7480 Pansonato etal. (2016) —
BRA MT Pontes e Lacerda 252 —14.9277 —59.5702 Pansonato etal. (2016) —
BRA MT Vila Bela da Santissima Trindade 198 —15.0166 —59.9500 Lobo (1995) —

etal., 2016; Neves et al., 2020). It differs from all other spe-
cies of the group P. pusilla by the absence of palpebral
tubercles on the upper eyelids, a presence of a conspicu-
ous conical tubercle on upper edge of the heel and its
advertisement call (Pansonato et al., 2016). This species is
commonly found in open areas, on the flooded natural
grasslands on forest border and is abundant where occurs
(Valério-Brun et al., 2010; Pansonato et al., 2011, 2016).

Once new species of amphibians are described (Moura
and Jetz, 2021), a lack of data about distribution of this
identities emerge (e.g. Motta et al.,, 2020). The use of
methods, such as the ecological niche modelling (ENM),
to predict distribution of species is crucial for conservation
programs (Blank and Blaustein, 2012; Guisan et al., 2013),
to indicate geographical distribution in the past (Bandeira
et al.,, 2021) or even anthropogenic effects (Wiens et al.,
2009; Enriquez-Urzelai et al., 2019). Herein, we provide an
updated distribution map of P. motorzinho with two new
occurrence records. Additionally, we estimate the occur-
rence of P. motorzinho using the ENM framework to access
potential areas for the occurrence of species.

MATERIAL AND METHODS—Species data collection—We con-
structed a database of occurrence records of P. motorzinho by
compiling information from literature (Lobo, 1995; Panso-
nato et al., 2016; Neves et al., 2020), and data collected by us
during fieldwork in the state of Mato Grosso do Sul, Brazil.
On September 21, 2016, at Base de Estudos do Pantanal, in
Corumba municipality, we recorded a P. motorzinho male
(ZUFMS-AMP7589) calling during the day in a flooded area
(around 1600 h). On December 01, 2017, at RPPN Brejo
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Bonito, Campo Grande municipality, around 18.45 h during
a field work, we recorded two P. molorzinho males calling
(ZUFMS-AMP11532 and ZUFMS-AMP11533) in the border of
a pond. The vouchers were euthanized using a liquid solution
of 2% lidocaine chlorhydrate, fixed in 10% formalin, and
transferred to permanent storage in 70% ethanol. The sam-
plings were authorized by the System of Authorization and
Information in Biodiversity (SISBIO/MMA, number 55579).

We analyzed three calls with Raven Pro 1.6.1 for Win-
dows (Center for Conservation Bioacoustics, 2019) and
audiospectrograms were constructed in “R” software using
the package “seewave” (Sueur et al. 2008; R Development
Core Team, 2021) with the following parameters: FFT win-
dow width = 256, Frame = 100, Overlap = 75, and flat-top
filter. Terminology used follows Kohler et al. (2017) and
morphological and acoustic comparisons were made using
the original publication (Pansonato et al., 2016).

Environmental niche modeling—We performed an Ecologi-
cal Niche Modeling (ENM) to estimate the geographic distri-
bution of P. molorzinho based on the climatically suitable
regions for the species. The ENM uses the association of envi-
ronmental variables with occurrence data of a species to map
its potential distribution (Guisan and Thuiller, 2005). We
used 21 localities (Table 1) to generate an ENM.

Three groups of climate predictors were used: biocli-
mate, evapotranspiration, and UV-B variables. We down-
loaded 19 bioclimatic variables from the WorldClim
database (see http://www.worldclim.org/ for variable descrip-
tions) interpolated to 10 minutes resolution (Fick and Hij-
mans, 2017), averaged over the 1970-2000 period; Slope
(defined as a measure of the concavity and convexity of
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FiGure 1—Distribution map based on point records (see Tab. 1) of the Pseudopaludicola motorzinho. Abbreviations of the Brazilian
states: GO = Goias; MS = Mato Grosso do Sul; MT = Mato Grosso; and coutries. BOL = Bolivia; PRY = Paraguay.

topography) with the resolution of 5 km (Amatulli et al,,
2018), mean annual evapotranspiration with the resolu-
tion of 30 arc seconds (Trabucco and Zomer, 2019) and
Annual Mean UV-B (2004-2013) with spatial resolution of
15 arc-minutes (Beckmann et al., 2014). These layers were
resampled to a resolution of 15 arcmin using the nearest
neighbor interpolation. To avoid overprediction and low
specificity, we cropped the bioclimatic layers to span from
latitude —70 to —40 and longitude —30 to —10 (values in
decimal degrees) (Werneck, 2011).

To reduce autocorrelation among occurrence data and
potential for overfitting we eliminated one of each pair of
records falling within single grid cells (~3 km) using the
package ‘spThin’ (Aiello-Lammens et al., 2015). To remove
problems related to multicollinearity of the environmental
explanatory variables, we calculated the Variance Inflation
Factor (VIF) values for variables to each species. All values
that were highly correlated (VIF > 10) were removed
through a stepwise procedure, using ‘usdm’ package
(Naimi, 2013). Thus, we retained nine from 22 climatic
variables that were used throughout this study (Bio2 —
mean diurnal range, Bio8 - mean temperature of wettest
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quarter, Bio9 - mean temperature of driest quarter, Biol3 -
precipitation of wettest month, Biol4 - precipitation of dri-
est month, Biol8 - precipitation of warmest quarter, Biol9
- precipitation of coldest quarter, slope, and mean annual
evapotranspiration).

We performed ENM using nine different algorithms imple-
mented in the biomod2 package (Thuiller et al., 2016) in R,
including the following: three regression methods [GAM: gen-
eral additive model (Hastie and Tibshirani, 1990), GLM: gen-
eral linear model (McCullagh and Nelder, 1989), MARS:
multivariate adaptive regression splines (Friedman, 1991)];
three machine learning methods [GBM: generalized boosting
model (Ridgeway, 1999), MAXENT: Maximum Entropy (Phil-
lips et al., 2006), RF: random forest (Breiman, 2001)], two
classification methods [CTA: classification tree analysis (Brei-
man, 1984), FDA: flexible discriminant analysis (Hastie et al.,
1994)], and one envelope model [SRE: Surface Range
Envelop (Busby, 1991)]. To meet the criteria of having
absence (or pseudo-absence) data for most of these models
(except SRE), we generated two equalsized (to the true pres-
ence records) sets of random pseudo-absence (PA) points
across the model background. The models were calibrated
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Ficure 2—Predicted distribution of Pseudopaludicola motorzinho based on environmental suitability. Occurrence localities can be

found in Table 1 and Fig. 1.

using 70% of randomly selected data. The other 30% of data
were used for intrinsic model evaluation.

Individual model performance was evaluated using two
metrics—true skill statistic (TSS) and the area under the
curve of receiver operating characteristics (ROC) imple-
mented in the biomod2 package. TSS is calculated as “sensi-
tivity + specificity -1” and ranges from -1 to +1, where +1
indicates perfect agreement, a value of 0 implies agreement
expected by chance, and a value of less than O indicates
agreement lower than expected by chance. Models with
high predictive accuracy (TSS > 0.7; ROC > 0.8) were used
for projection of P. motorzinho distribution. We constructed
ensemble maps based on the median of two runs of all the
selected models in which individual accuracy had TSS value
equal to or greater than 0.8 (Table S1).

ResuLTs—The species was recorded in a total of 21 locali-
ties, occurring at altitude between 78 and 506 m a.s.l. (Table
1, Fig. 1). The new records resulted in an increase of 127 m
of altitudinal range and 140 km in a straight line in south-
eastern to the nearest record. The resulting ensemble mod-
els based on nine ENM algorithms (Fig. 2) gave averages of
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TSS = 0.98 and ROC = 0.99. The predicted distribution of
P. motorzinho remained adjusted to the occurrence points in
Brazil and Bolivia, plus a projected possible occurrence to
the eastern toward central portions of Bolivia (Fig. 2). The
variable bio8 (mean temperature of wettest quarter) was the
most import variable (48% of explication), followed by
mean annual evapotranspiration (35% of explication) to P.
motorzinho distribution, and bio9 (mean temperature of dri-
est quarter, 28% of explication). Other climate predictors
(Biol3 and Biol4) helped to explain the P. motorzinho eco-
logical niche models, though to a lesser extent. The adver-
tisement call of our records consists of a series of 62-195
notes per series; series duration was 8.62-11.49 s, note dura-
tion varies between 9-25 ms; pulses per note varies 2-5; and
peak frequency varies 4565—-4823 Hz (Fig. 3, Table 2).

DiscussioN—Regarding the distribution of P. motorzinho,
it occurs in four different ecoregions, Pantanal, Cerrado,
Chiquitano Dry Forest, and Humid Chaco (sensu Diner-
stein et al., 2017), which the last two occur only in the
border of them. Two of our records are in Cerrado from
Mato Grosso do Sul state and increased the altitudinal



December 2023 Cavalheri et al.—Ecological niche modeling of Pseudopaludicola motorzinho 287

T - e—
| I o )
T A
g SRAARS CTTT T

Time (s)

FiGurRe 3—Audiospectrogram and oscilogram of the advertisement call of Pseudopaludicola motorzinho recorded from a male at
RPPN Brejo Bonito, Campo Grande municipality, Mato Grosso do Sul state, western Brazil (ZUFMS-AMP11532).
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TaBLE 2—Measurements of acoustic parameters of specimens of Pseudopaludicola motorzinho.

Notes per  Series duration Peak Freq.

Voucher serie (s) Note duration (ms)  Pulses per note (Hz) Internote intervals
ZUFMS-AMP11533 134 8.62 15.1 = 1;1.8 (9-23) 3.6 = 1;0.5 (2-4) 4823.43 57.5 = 1.30 (33-110)
ZUFMS-AMP11532 195 11.49 15.1 = 1;0.9 (11-17) 2.9 = 1;0.07 (2-3) 4565.03 50 *+ 1;31.6 (27-170)
ZUFMS-AMP7589 62 3.59 16.3 = 1;2.4 (11-25) 3.6 = 1;0.5 (3-5) 4823.43 32 + 1;2.44 (25-37)

and easternmost limit for the species, which was the first
record in the Upper Parana Basin. The three males with
advertisement calls analyzed agree with the diagnosis of
the species for all two records (Table 2 and Fig. 3) (Pan-
sonato et al., 2016). The three advertisement calls that we
recorded showed the same pattern (Fig. 3), it starts
ascending in the first third (introductory notes), then sta-
bilizes throughout the call. This pattern shows a variation
from the original description of the species, which not pre-
sent this ascending format at the beginning of the call (Pan-
sonato et al., 2016). Anurans exhibit variations in their
advertisement calls due to several factors. The acoustic prop-
erties of the calls can be affected by the physical environ-
ment, including the temperature, humidity, and substrate
(Gerhardt and Huber, 2002). Furthermore, ecological fac-
tors, such as the presence of predators or competitors, can
influence the call characteristics. For instance, some species
modify their calls to avoid attracting predators (Ryan, 1985).
Moreover, the mating system of the species can also play a
role in the variation of the calls. In some species, males com-
pete for mating opportunities, leading to the evolution of
complex and diverse calls (Gerhardt, 1991).

The ensemble potential distribution for P. motorzinho
indicates bio8 (mean temperature of wettest quarter) as the
most important variable to species distribution. This vari-
able, plus the third most important (bio9 - mean tempera-
ture of driest quarter), can be related to the active period of
species, once the activities of ectothermic vertebrates are
sensitive to climatic variations due to the effect of tem-
perature and humidity on species physiology (Duellman
and Trueb, 1986). In this sense, periods with high tem-
peratures and humidity induces the reproductive period
of species, once individuals can track abiotic cues in
order to reproduce (Ceron et al., 2020). The mean
annual evapotranspiration was the second most impor-
tant variable to explain the distribution of the species.
This variable can be related to the reproductive mode of
the species, which lays its eggs directly in open and shal-
low aquatic habitats (Pansonato et al., 2011) and to the
deposition sites (areas with ephemeral ponds), high-
lighting the importance of areas with high evapotranspi-
ration rate to the breeding of species.

In general, P. motorzinho is associated with Pantanal flood-
plains with their live cycle intimate related to the habitats
provided by the floodplain. However, this area has suffered
severely in the last years (2019-2022) due to an extreme
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drought and wildfires (Marengo et al., 2021; Tomas et al.,
2021), which may impact directly the populations of P. motor-
zinho, since its narrow distribution depends directly from
flooded areas to reproduce (Valério-Brun et al., 2010; Panso-
nato et al.,, 2011). Even though other ecoregions may harbor
this species, it is extremely important that Pantanal be pre-
served to maintain the integrity of P. motorzinho populations.
DGC and JFCC thanks Coordenacao de Aperfeicoa-
mento de Pessoal de Nivel Superior - Brasil (CAPES) -
Funding code 001. MON thanks CNPq and Fundacao de
Ampara a Pesquisa do Estado do Mato Grosso (FAPEMAT)
through a research project (300081/2022-7). KC thanks
Sao Paulo Research Foundation (FAPESP) by Postdoctoral
Fellowship (#2020/12558-0). DJS thanks Conselho Nacio-
nal de Desenvolvimento Cientifico e Tecnologico (CNPq
proceeses 404239/2021-8, 402519/2016-7, 309420,/2020-2)
and Fundacao de Apoio ao Desenvolvimento do Ensino,
Ciéncia e Tecnologia do Estado de Mato Grosso do Sul
(FUNDECT process 054,/2017) for financial support.

LITERATURE CITED

ArrrLo-LAaMMENs, M. E., R. A. Boria, A. Rabosavijevic, B. VILELA, AND
R. P. ANpERsON. 2015. spThin: An R package for spatial thinning
of species occurrence records for use in ecological niche mod-
els. Ecography 38:541-545. doi:10.1111/ecog.01132

AmatuLLl, G., Dowmisch, S., Tuanmu, M.N. ET AL. 2018. A suite of
global, cross-scale topographic variables for environmental
and biodiversity modeling. Scientific Data 5: 180040. doi: 10.
1038/sdata.2018.40

Banprra, L. N., F. ViLrarosos, F. P. WERNECK, A. T. PETERSON, AND M.
Anciaes. 2021. Different elevational environments dictate con-
trasting patterns of niche evolution in Neotropical Pithecopus
treefrog species. Biotropica 53:1-10. doi: 10.1111/btp.12929

Barrio-Amoros, C. L., F. J. M. Rojas-Runjaic, axp J. C. SENARIS.
2019. Amphibians of Venezuela. Amphibians & Reptiles Con-
servation 13:1-198.

BrckMANN, M., T. VAcravig, A. M. MANCEUR, L. SPRTOVA, H. voNn
WEHRDEN, E. WELK, AND A. F. Corp. 2014. glUV: A global UV-B
radiation data set for macroecological studies. Methods in
Ecology and Evolution 5:372-383. doi:10.1111/2041-210X.
12168

Brank, L., anp L. Braustein. 2012. Using ecological niche model-
ing to predict the distributions of two endangered amphib-
ian species in aquatic breeding sites. Hydrobiologia 693:157—
167. doi:10.1007/s10750-012-1101-5

BremvaN, L. 1984. Classification and regression trees. CRC press,
New York.


https://doi.org/10.1111/ecog.01132
https://doi.org/10.1038/sdata.2018.40
https://doi.org/10.1038/sdata.2018.40
https://doi.org/10.1111/btp.12929
https://doi.org/10.1111/2041-210X.12168
https://doi.org/10.1111/2041-210X.12168
https://doi.org/10.1007/s10750-012-1101-5

December 2023

Bremvan, L. 2001. Random Forests. Machine Learning 45:5-32.
doi:10.1007/978-3-030-62008-0_35

Bussy, J. R. 1991. BIOCLIM- a bioclimate analysis and prediction
system. Plant Protection Quarterly 6:8-9.

CERON, K., SANTANA, D. J., Lucas, E. M., ZOCCHE, . J., AND PROVETE,
D. B. 2020. Climatic variables influence the temporal dynam-
ics of an anuran metacommunity in a nonstationary way.
Ecology and Evolution 10: 4630-4639.

Costa-campos, C. E., T. R. bpE CArvaLHO, AND E. M. X. FreIrRE. 2016.
First record of Pseudopaludicola boliviana Parker, 1927 (Anura,
Leptodactylidae, Leiuperinae) in the Brazilian state of
Amapa, With Comments on Its Advertisement Call and Distri-
bution. Check List 12:8-12.

DiNersTEN, E., D. Orson, A. Josni, C. V\NNE, N. D. Burcess, E.
‘WIKRAMANAYAKE, N. HAHN, S. PALmINTERI, P. HEDAO, R. Noss, M.
Hansen, H. Locke, E. C. ELus, B. Jongs, C. V. BARBER, R. HAYEs,
C. Kormos, V. MarTIN, E. Crist, W. SEcHREST, L. PrICE, . E. M.
Banvie, D. WEEDEN, K. SuckLing, C. Davis, N. Sizer, R. MOORE,
D. Trau, T. BircH, P. Potarov, S. TURUBANOVA, A. TYURAVINA, N.
DE Souza, L. PINTEA, . C. Brito, O. A. LLEWELIYN, A. G. MILLER,
A. Patzert, S. A. GHAZANFAR, J. TIMBERLAKRE, H. KrLOSER, Y.
SHENNAN-FARPON, R. KinpT, J. P. B. LiLLES®, P. VAN BREUGEL, L.
GRrAUDAL, M. VocE, K. F. AL-SHAMMARI, AND M. SALEEM. 2017. An
Ecoregion-Based Approach to Protecting Half the Terrestrial
Realm. BioScience 67:534-545. doi:10.1093 /biosci/bix014

Duerbvan W.E, Trues L. 1986. Biology of Amphibians. Balti-
more: The Johns Hopkins University Press.

EnriQuEZ-UrzELAL, U., N. BErRNARDO, G. MORENO-RUEDA, A.
MonTori, AND G. LLORENTE. 2019. Are amphibians tracking
their climatic niches in response to climate warming? A test
with Iberian amphibians. Climatic Change 154:289-301.
doi:10.1007/510584-019-02422-9

Fick, S. E., anp R. J. Hymans. 2017. WorldClim 2: new 1-km spatial
resolution climate surfaces for global land areas. Interna-
tional Journal of Climatology 37:4302-4315. doi:10.1002/joc.
5086

FriepmaN, J. H. 1991. Multivariate adaptive regression splines.
Annals of Statistics 19:1-67.

GerHARDT, H. C. 1991. Female mate choice in treefrogs: static and
dynamic acoustic criteria. Animal Behaviour 42, 615-635.

GERHARDT, H. C., AxD HUBER, F. 2002. Acoustic communication
in insects and anurans: common problems and diverse solu-
tions. Chicago: University of Chicago Press.

Guisan, A, aNp W. ThuiLLEr. 2005. Predicting species distribu-
tion: Offering more than simple habitat models. Ecology Let-
ters 8:993-1009. doi:10.1111/j.1461-0248.2005.00792.x

Guisan, A., R. TINGLEY, J. B. BAUMGARTNER, I. NAUJORAITIS-LEWS,
P. R. Surcuirrg, A. 1. T. Turroch, T. J. REcan, L. BroToNs, E.
McDONALD-MADDEN, C. MANTYRA-PRINGLE, T. G. MARTIN, J. R.
Ruopes, R. MaceiNi, S. A, SETTERFEELD, J. ErrtH, M. W.
Scawartz, B. A. WINTLE, O. BROENNIMANN, M. AUSTIN, S.
FerRriER, M. R. KeArNEY, H. P. PossINGHAM, AND Y. M. BUCKLEY.
2013. Predicting species distributions for conservation deci-
sions. Ecology Letters 16:1424-1435. doi:10.1111/ele. 12189

Hasrtie, T., R. TissHIRANI, AND A. Buja. 1994. Flexible discriminant anal-
ysis by optimal scoring. Journal of the American Statistical Associa-
tion 89:1255-1270. doi:10.1080,/01621459.1994.10476866

KOHLER, ., M. JaNsEN, A. RobriGuez, P. J. R. Kok, L. F. ToLepo, M.
EmmricH, F. Graw, C. F. B. Happap, M. O. ROpEL, AND M.
Vences. 2017. The use of bioacoustics in anuran taxonomy:
Theory, terminology, methods and recommendations for

Downloaded From: https://bioone.org/journals/The-Southwestern-Naturalist on 19 Mar 2024
Terms of Use: https://bioone.org/terms-of-use Access provided by Universidade Federal de Mato Grosso do Sul (UFMS)

Cavalheri et al.—Ecological niche modeling of Pseudopaludicola motorzinho 289

best practice. Zootaxa 4251:1-124. doi:10.11646/zootaxa.
4251.1.1

Logo, F. 1995. Analisis filogenético del género Pseudopaludicola
(Anura: Leptodactylidae). Cuadernos De Herpetologia
9:21-43.

Marenco, J. A., A. P. Cunna, L. A, Cuartas, K. R D. Lear, E.
BroeprL, M. E. Seruchl, C. M. MicHELIN, C. F. pE P. Bario, E. C.
Ancuro, E. K. ALmea, M. L. Kazmierczak, N. P, A. Mateus, R. C.
Siva, AND F. BENDER. 2021. Extreme Drought in the Brazilian
Pantanal in 2019-2020: Characterization, Causes, and Impacts.
Frontiers in Water 3:1-20. doi:10.3389/frwa.2021.639204

Motra, A. P., M. Lyra, T. Gazoni, P. P. PARISE-MALTEMPI, AND
C. F. B. Happap. 2020. New distribution records of Oreobates
antrum Vaz-Silva, Maciel, Andrade, and Amaro, 2018, a cave-
associated species from the seasonally dry tropical forest in
the Brazilian Cerrado (Anura: Brachycephaloidea: Craugas-
toridae). Herpetology Notes 13:561-563.

Moura, M. R., anp W. Jerz. 2021. Shortfalls and opportunities in
terrestrial vertebrate species discovery. Nature Ecology & Evo-
lution 5:631-639. doi:10.1038/s41559-021-01411-5

Namvi, B. 2013. Package ‘usdm’. Uncertainty analysis for species
distribution models. R package version 1:1-12.

Neves, M. O., H. Caprar, M. Peprozo, V. L. FErreRa, M. R.
Moura, aND D. J. Santana. 2020. Dataset of occurrences and
ecological traits of amphibians from upper Paraguay river
Basin, central South America. Nature Conservation 41:71-89.
doi:10.83897/natureconservation.41.54265

PansonaTo, A., T. Motrt, AND C. STRUSSMANN. 2011. Anuran
amphibians’ diversity in a northwestern area of the Brazilian
Pantanal. Biota Neotropica 11:77-86. doi:10.1590/s1676-
06032011000400008

Pansonato, A., A. C. P. VEIGA-MENONCELLO, J. R. MUDREK, M. JANSEN,
S. M. Recco-PIMENTEL, 1. A. MARTINS, AND C. STRUssSMANN. 2016.
Two New Species of Pseudopaludicola Miranda-Ribeiro, 1926
(Anura: Leptodactylidae: Leiuperinae) from Eastern Bolivia
and Western Brazil. Herpetologica 72:235-255. doi:10.1655/
Herpetologica-D-14-00047.1

PuiLups, S. J., R. P. ANDERSON, AND R. E. ScHAPIRE. 2006. Maximum
entropy modeling of species geographic distributions. Ecologi-
cal Modelling 190:231-259. doi:10.1016/j.ecolmodel.2005.03.
026

R Core Team. 2021. R: A language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical
Computing.

Ripceway, G. 1999. The state of boosting. Computing Science
and Statistics 31:172-18]1.

Rvan, M. J. 1985. The Tangara Frog: A Study in Sexual Selection
and Communication. Chicago: University of Chicago Press.
SUELR, J., AuN, T., & Smvonrs, C. 2008. Seewave, a free modular
tool for sound analysis and synthesis. Bioacoustics, 18,

213-226.

THUILLER, W., D. GEORGES, R. ENGLER, AND F. BREINER. 2016. bio-
mod2: Ensemble platform for species distribution modeling.
R package version 3:3-7.

Tomas, W. M., C. N. BErLINCK, R. M. CHIARAVALLOTI, G. P. FAGGIONI,
C. StrUssmanN, R. LisonaTi, C. R. ABraHAO, G. V. ALVARENGA,
A. E. F. BACELLAR, F. R. Q. Batista, T. S. BornaTO, A. R. CamILO,
J- Castepo, A. M. E. FERNANDO, G. O. DE FRETas, C. M. GARCIA,
H. S. Goncarves, M. B. F. GuaermE, V. M. G. Lavvi, A. P. G.
Lustosa, A. C. pE OLIVEIRA, M. R. OLIVEIRA, A. M. M. PEREIRA, J. A
Ropricurs, T. B. F. Semepo, R. A. D. Souza, F. R. Torrato,


https://doi.org/10.1007/978-3-030-62008-0_35
https://doi.org/10.1093/biosci/bix014
https://doi.org/10.1007/s10584-019-02422-9
https://doi.org/10.1002/joc.5086
https://doi.org/10.1002/joc.5086
https://doi.org/10.1111/j.1461-0248.2005.00792.x
https://doi.org/10.1111/ele.12189
https://doi.org/10.1080/01621459.1994.10476866
https://doi.org/10.11646/zootaxa.4251.1.1
https://doi.org/10.11646/zootaxa.4251.1.1
https://doi.org/10.3389/frwa.2021.639204
https://doi.org/10.1038/s41559-021-01411-5
https://doi.org/10.3897/natureconservation.41.54265
https://doi.org/10.1590/s1676-06032011000400008
https://doi.org/10.1590/s1676-06032011000400008
https://doi.org/10.1655/Herpetologica-D-14-00047.1
https://doi.org/10.1655/Herpetologica-D-14-00047.1
https://doi.org/10.1016/j.ecolmodel.2005.03.026
https://doi.org/10.1016/j.ecolmodel.2005.03.026

290 The Southwestern Naturalist vol. 67, no. 4

D. F. P. Viana, L. VICENTE-SILVA, AND R. MoraTto. 2021. Distance
sampling surveys reveal 17 million vertebrates directly killed by
the 2020’s wildfires in the Pantanal, Brazil. Scientific Reports
11:1-8. doi:10.1038/s41598-021-02844-5

TraBucco, A., aNp R. J. Zomer. 2019. Global High-Resolution
Soil-Water Balance. Figshare. Fileset. doi:10.6084/m9.figshare.
7707605.v3

VarLirio-Brun, L. M., A. Pansonato, L. A. SorLmNo-Carvarno, C.
STRUSSMANN, T. MoTT, AND R. M. L. SiLveira. 2010. Pages 119-136
in Biodiversidade no Pantanal de Poconé (I. M. Fernandes,
C. A. Signor, and J. Penha, editors). Centro de Pesquisa do Pan-
tanal, Cuiaba.

Downloaded From: https://bioone.org/journals/The-Southwestern-Naturalist on 19 Mar 2024

WERNECK, F. P. 2011. The diversification of eastern South Amer-
ican open vegetation biomes: Historical biogeography and
perspectives. Quaternary Science Reviews 30:1630-1648.
doi:10.1016/j.quascirev.2011.03.009

WNs, J. A, D. STrALBERG, D. Joncsompt, C. A. HoweLL, axp M. Al
SnypEr. 2009. Niches, models, and climate change: Assessing the
assumptions and uncertainties. Proceedings of the National Acad-
emy of Sciences of the United States of America 106:19729-
19736. doi:10.1073/pnas.0901639106

Submitted 13 September 2022. Accepted 28 June 2023.
Associate Editor was Charles Matthew Watson.

Terms of Use: https://bioone.org/terms-of-use Access provided by Universidade Federal de Mato Grosso do Sul (UFMS)


https://doi.org/10.1038/s41598-021-02844-5
https://doi.org/10.6084/m9.figshare.7707605.v3
https://doi.org/10.6084/m9.figshare.7707605.v3
https://doi.org/10.1016/j.quascirev.2011.03.009
https://doi.org/10.1073/pnas.0901639106

