ARTIGOS CIENTIFICOS Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 18, n. 3, €2023-e893, set.-dez. 2023

Pitfall trap efficiency in sampling small vertebrates (Anura, Squamata, and Mammalia)
in fragments of the Southeastern Atlantic Forest, Brazil

Michel Varajao Garey' ® | Marcelo José Sturaro @ |
Gabriel Spanghero Vicente Ferreira @ | Vinicius Xavier da Silva" ®
'Universidade Federal da Integragdo Latino-Americana. Instituto Latino-Americano de Ciéncias da Vida
e da Natureza. Foz do Iguacu, Parand, Brasil
'Universidade Federal de Sao Paulo. Instituto de Ciéncias Ambientais. Diadema, Sao Paulo, Brasil
IUniversidade Estadual de Campinas. Programa de Pés-Graduagio em Ecologia. Campinas, S3o Paulo, Brasil

MUniversidade Federal de Alfenas. Instituto de Ciéncias da Natureza. Alfenas, Minas Gerais, Brasil

Abstract: Pitfall traps are a sampling method broadly used in studies with small terrestrial vertebrates. In this paper, we compared the
efficiency of modified pitfall traps in sampling anurans, squamates, and mammals. In two forest fragments of the Seasonal
Semi-deciduous Atlantic Forest, we set up 26 arrays of drift fences and pitfall traps, composed of four 30-liter buckets,
each set up arranged in a Y’ shape linked by a fence of 4 m in length and 0.5 m in height. We tested for the effect of an
internal rim on the border of the buckets by comparing buckets with and without a rim on capture efficiency. In general,
we did not observe any effect of the rims in capture efficiency, independently of the bucket position where the rim was
present. Still, terminal buckets with rims were less efficient in capturing rodents. We hypothesized that the use of buckets
with rims did not increase the capture of small vertebrates due to the animal’s ability to perceive the rim due to substrate
instability. However, the pitfall trap efficiently captures small vertebrates, and we do not recommend using the internal rims.
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Resumo: Armadilhas de interceptagdo e queda é um método de amostragem amplamente utilizado em estudos com pequenos
vertebrados terrestres. Neste artigo, comparamos a eficiéncia de armadilhas de interceptacdo e queda modificadas na
amostragem de anuros, squamatas e mamiferos. Em dois fragmentos de Floresta Estacional Semidecidual na Mata Atlantica,
foram instalados 26 conjuntos de cercas e armadilhas de interceptagao e queda, compostas por quatro baldes de 30 litros,
cada conjunto disposto em forma de Y’, ligados por uma cerca de 4 m de comprimento e 0,5 m de altura. Testamos
o efeito da presenca de um aro interno na borda dos baldes, comparando baldes com aro e sem aro na eficiéncia de
captura. Em geral, ndo foi observado nenhum efeito dos aros na eficiéncia de captura, independentemente da posicdo
dos baldes onde o aro estava presente. Ainda assim, baldes terminais com aros foram menos eficientes na captura de
roedores. Hipotetizamos que o uso dos aros nos baldes ndo aumentou a captura de pequenos vertebrados devido a
capacidade do animal de discernir o aro ao perceber instabilidade do substrato. Ainda que a armadilha de interceptacao
e queda seja um método eficiente para capturar pequenos vertebrados, ndo recomendamos o uso de bordas com aros.
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INTRODUCTION

Pitfall traps are frequently used in worldwide ecological
studies to capture a variety of ground-dwelling animals,
e.g., invertebrates and vertebrates, such as spiders (e.g.,
Privet et al., 2020), grasshoppers (e.g., Szinwelski et al.,
2012), harvestmen and millipedes (e.g., StaSiov et al.,
2021), amphibians (e.g., Fiorillo et al., 2018), squamates
(e.g., Menezes etal., 2018), and mammals (e.g., Edwards &
Jones, 2014; Palmeirim et al., 2019). Pitfall traps are buckets
buried in the ground that can be linked by drift fences
(Corn, 1994). Strait-line drift fences are usually used for
terrestrial vertebrates and function as barriers that intercept
and guide animals moving in the environment to fall into
buckets (Cechin & Martins, 2000). This method is useful for
long-term monitoring, as it can be left closed on the ground
during non-sampling periods (Corn, 1994). Moreover, it has
advantages in capturing seldom sampled animals (Campbell
& Christman, 1982; Palmeirim et al., 2019), and many areas
can be sampled simultaneously, reducing temporal-related
variation activity (Bury & Corn, 1987). On the other hand,
animals that are good climbers, jumpers, and/or relatively
large to escape are not adequately sampled using this trap
technique (Dodd Jr., 1991; Ali et al., 2018).

The capture success is influenced by species-specific
factors, including morphology, home range, and diel activity
period (Crosswhite et al., 1999; Ali et al., 2018), but also
by environmental factors, such as climatic variables (e.g.,
temperature and precipitation — Bury & Corn, 1987,
Enge, 2005; Todd et al., 2007; Spence-Bailey et al.,
2010). In complex structural habitats, such as rainforests,
these factors are often inflated due to high ecological
and morphological diversity. The Atlantic Forest exhibits
considerable structural heterogeneity, thus leading to
noteworthy levels of species diversity and functional variety
among terrestrial vertebrates. The Atlantic Forest contains
approximately 320 species of mammals, 300 species of
reptiles, and 600 anurans (there is no representative of
Caudata) (Monteiro-Filho & Conte, 2017). Indeed, the

highest richness and endemism of anurans from Brazil

are also in the Atlantic Forest (Rossa-Feres et al., 2011).
Where the highest species diversity and morphological and
ecological characteristics are concentrated, there is a need
to reinforce the design and evaluate different methods to
capture vertebrates and improve our sampling capacity.
Some studies have provided information regarding
the efficiency of pitfall traps in tropical forests (e.g., Ribeiro-
JUnior et al., 2008; Santos-Filho et al., 2015); however,
studies that propose alternative modifications to the
traditional pitfall trap method are almost absent (Greenberg
et al., 1994). Therefore, studies aiming to propose
modifications to the traditional pitfall trap structure are
important to maximize the sampling efficiency of capturing
animals that can escape from the trap. We proposed to
evaluate the efficiency of an additional obstacle adjacent
to the edge of the buckets, focusing on the capture and
trapping of anurans, squamates, and small mammals. We
hypothesized that the use of an internal rim would increase
the pitfall efficiency by preventing individuals from escaping.

MATERIALS AND METHODS

STUDY AREA

The study was conducted in the Reserva Particular do
Patriménio Natural (RPPN) Fazenda Lagoa (21° 23" S, 46°
15" W, 840 m.a.s.l.), located in the municipality of Monte
Belo, southern State of Minas Gerais, southeastern Brazil
(Figure 1). The region is inserted in the Atlantic Forest biome
(Ab’Saber, 1977). According to the K&ppen-Geiger climate
classification (Peel et al., 2007), the climate of this region is
Cwb (cold with day winter and temperate summer). The
study site has been substantially modified by agriculture
(Garey & Silva, 2010), with the reserve maintaining eight
fragments of Seasonal Semi-deciduous Forest (sensu
Morellato & Haddad, 2000). Seasonal Semi-deciduous
Forests are characterized by two main seasons, one wet
and warm from October to March and another dry and
cold from April to September. Based on previous surveys
at Fazenda Lagoa and in nearby areas, approximately
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63 species of mammals (Laurindo et al., 2017), 16 reptiles
(Sturaro & Silva, 2005), and 24 anurans (Garey & Silva,
2010) are recognized in the region.

SAMPLING DESIGN

We installed 26 arrays of pitfall traps in two fragments,
one called Olaria Forest with 17 ha and the other as Lagoa
Forest with 124 ha (Figure 1). An ecological corridor nearly
entirely interconnects these forest fragments; jointly, they
encompass an area of approximately 144 ha. In addition
to variations in size and shape, the forest fragments exhibit
distinctions arising from a lotic water body coursing through
Lagoa Forest, whereas Olaria Forest lacks any lotic habitat.

We chose the areas to install the traps according to the
natural conditions of the forest floor (presence of trees with
a minimum of 15 m in height, slope lower than 30°, and
at least 10 m apart from water bodies). The traps were
installed in a Y’ shape, with three terminal buckets and
one central bucket (n = 104 plastic buckets) buried in the
ground linked by plastic drift fences (Figure 2A). The plastic
drift fence was 50 cm in height, and 4 m in length separating
the terminal of the central bucket. The buckets were 30
L, with 40 cm in depth and 36 cm in diameter (Figures 2B
and 2QC). In every bucket, we made small orifices (1-2 mm
in diameter) on the bottom to drain the water of rainfall
(Cechin & Martins, 2000).
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Figure 1. Map of the study area showing the South American countries and Brazilian states (light gray), State of Minas Gerais in dark gray. In
detail, a satellite image displays the two forest fragments studied at Fazenda Lagoa, located in the municipality of Monte Belo. The circles

on the map denote the positions of the pitfall traps.
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Figure 2. Representation of the pitfall trap used in the present study
design. A) Scheme of the two sets of pitfall trap array (Y’ structure)
- black circles represent the buckets with rims and the white circles,
the buckets without rims, B) Lateral view of a bucket with rim, and
C) perspective view of a bucket without rim and with rim and the
dimensions comparing both types of buckets.

We installed rims on the bucket border to evaluate
the effect on the abundance of anurans, squamates, and
small mammals trapped. The internal rims were composed
of plastic, fourteen centimeters in width, and were fixed
with wire on the internal borders of buckets, reducing their
diameter to 22 cm (Figures 2B and 2C). The pitfall arrays
were divided into two groups with 13 traps each: in the
first group, the internal rim was installed on the central and
in one terminal bucket; in the second group, the internal
rims were installed on two-terminal buckets (the black
circles in Figure 2A represent rim). This design totalized 13
central buckets with rim, 13 central buckets without rim, 39
terminal buckets with rim, and 39 without rim. We chose
this sampling design to exclude the possible effects of the
variation in environmental heterogeneity among the areas
where pitfalls were installed and to reduce the effects of
species with aggregated distribution in capture rates.

Our study was conducted monthly between March
2004 and May 2005, except for June 2004, August 2004,
and February 2005, when no sampling was performed due
to logistical difficulties. The buckets remained closed all the

time when we were not sampling. In each sampling month,

buckets remained open up to six days in a row, totaling 32
days of sampling (2.5 = 1.2 days per month). All pitfall traps
were checked once a day (between 8 AM and 2 PM) to
reduce the mortality rate. The captured anuran individuals
were individually marked using a pelvic ring, constructed
using a black polyester thread, adorned with a combination
of one to three colored beads (Narvaes & Rodrigues, 2005),
and released three meters away from the traps. This marking
configuration allowed the individualized identification of the
specimens. All captured mammals and some reptiles were
released into the environment without individual marking.
Thus, the same individual may have been captured more
than one time. The recapture of the same individual only
biases our results if the individual consistently has fallen into
the same bucket within the same trap. However, since our
sampling design encompassed buckets both with and without
rims within the same trap and considering an equal probability
of anindividual moving to the right or left upon encountering
the drift fence, we believe that specimen recaptures did
not influence the capture rates between buckets with and
without rims. Some trapped specimens of amphibians and
reptiles were collected as voucher specimens of the study
area. These specimens were anesthetized and euthanized
with a solution of 5% benzocaine, fixed (formalin 10%),
preserved (ethanol 70%), and deposited in the collection of
the Colecdo Herpetdlogica Alfred Russel Wallace (CHARW),
Universidade Federal de Alfenas, municipality of Alfenas, in

the state of Minas Gerais, Brazil.

STATISTICAL ANALYSIS

All analyzes were performed in R software with RStudio
(R Development Core Team, 2017), while the graphics
were made in the Windows version of GraphPad Prism
(version 9.0.0, GraphPad, n. d.). Before evaluating the effect
of the rims on the pitfalls, we verified the normality of the
data using the Shapiro-Wilk test and data homoscedasticity
by Levene’s test, assuming a significance level of 0.05. We
square rooted data with non-normal distribution to better
fit. To evaluate the efficiency of the rims, we compared
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the average abundance of individuals captured in the pitfall
buckets with and without rims.

Analyses were conducted using two approaches.
First, we adopted the General Linear Model (GLM) in
the two-factor repeated measures ANOVA design using
the ez package (v4.4; Lawrence & Lawrence, 2016). We
evaluated the effect of different combinations of predictors
on the overall abundance sampled, thus checking the effects
of months evaluated, rim presence, and the interactions
between months and rims on individuals captured
(dependent variables). Following our sampling design, our
measurements were not temporally independent (i.e.,
pseudo-temporal replicate). Therefore, we incorporated
time (i.e., month) as a factor that could account for the
variation in capture rates between buckets with and without
rims. Afterward, we implemented a t-test or Wilcox test
(if data was not homoscedastic) to compare the number
of individuals captured between buckets with and without
internal rims in two separate analyses: one with only the
terminal buckets and only central buckets. Additionally,
we evaluated the efficiency of the buckets with rims by
individualized taxa order: Anura, Squamata, Rodentia,
and Didelphimorphia. Moreover, we conducted separate
analyses for the frog Physalaemus cuvieri Fitzinger, 1826
because of its high abundance among the trapped Anura
species. We assumed an alpha of 5% in all hypothesis tests.

We assumed an equal probability for the animal to
go 1o the right or left after encountering the drift fence
(Enge, 2001). Hence, the probability of capturing with radial
buckets was three times greater than the central buckets.
For that reason, we did not compare the radial and central
buckets’ efficiency, thus focusing strictly on the effects of the
rims. Animals that died inside the traps were not included
in the analyses to avoid sampling bias, i.e., animals with
climbing abilities could have escaped if they had not died.

RESULTS
The trapping effort totalized 13,056 hours by trap, and
the average days of operation of pitfalls were 21 (range:

12-32 days). In total, we captured 676 individuals,
consisting of 171 from the Anura order (13 species, six
families), 11 from Squamata (five lizard species and one
snake species, from five families), and 494 mammals
from Rodentia and Didelphimorphia orders (unidentified
species) (Table 1). The capture rate was 0.211 specimens/
bucket/day overall, 0.16 for mammals, 0.05 for
amphibians and 0.003 for squamates. Representatives
of mammals, order Didelphimorphia and Rodentia
together, were the most abundant (Rodentia = 71.4%
of the total captured, Didelphimorphia = 1.6%). Anura
was the second order of most captured animals (25.2%),
and Physalaemus cuvieri was the most captured species
(10.6% of the total and 42.1% of the anurans captured).
Squamata was the least captured group (1.6%), with
Enyalius perditus (45.4 % of Squamata) the most
captured species.

The use of rims did not improve efficiency in
sampling medium-sized animals (Figure 3). Buckets
with rims, independently from the position of the rims
and taxonomic group, did not increase the number of
individuals trapped (Table 2, Figure 3). Abundance varied
accordingly to month as expected due to seasonality,
but it was independent of rim being present or absent.
However, the interaction between the month and the
presence of the rim did not explain the difference in
the number of individuals trapped (Table 2). Moreover,
when comparing only the central buckets, the abundance
of total animals trapped was not different accordingly
to the presence of rims (t-test; P = 0.89). The same
pattern was observed for each separated taxonomic
group (See Table 3 for the results of individualized
groups). On the other hand, when comparing only the
terminal buckets, we found that the presence of rims
reduced the efficiency by 34.3% (Figure 3) in capturing
individuals of Rodentia (t-test; P = 0.01). For all other
taxonomic groups and all groups together, the presence
of rims did not relate to the abundance of individuals
trapped on central buckets (Table 3).
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Table 1. Individuals of the orders Anura, Squamata, Rodentia and Didelphimorphia collected in pitfall traps at the RPPN Fazenda Lagoa,
municipality of Monte Belo, Minas Gerais, Brazil. Legendas: CR = central bucket with rim, CNR = central bucket without rim, TR =
terminal bucket with rim, TNR = terminal bucket without rim.

Taxon Family Species N (tota) CR CNR TR TNR
Anura Brachycephalidae Ischnocnema juipoca (Sazima & Cardoso, 1978) 2 0 0 2 0
Bufonidae Rhinella icterica (Spix, 1824) 18 6 1 7 4
Rhinella crucifer (Wied-Neuwied, 1821) 23 2 4 6 11
Rhinella diptycha (Cope, 1862) 13 4 4 2 3
Craugastoridae Haddadus binotatus (Spix, 1824) 4 0 1 1 2
Cycloramphidae Odontophrynus asper (Philippi, 1902) 2 0 1 0 1
Odontophrynus cultripes Reinhardt & Lutken, 1862 22 3 5 6 8
Proceratophrys boiei (Wied-Neuwied, 1824) 1 0 1 0 0
Leiuperidae Physalaemus cuvieri Fitzinger, 1826 72 15 19 22 16
Leptodactylidae Adenomera bokermanni (Heyer, 1973) 3 0 2 1 0
Leptodactylus fuscus (Schneider, 1799) 1 0 1 0 0
Leptodactylus mystacinus (Burmeister, 1861) 2 1 0 0
Microhylidae Elachistocleis cesarii (Miranda-Ribeiro, 1920) 1 0 2 1
Subtotal 171 35 39 50 47
Squamata Colubridae Elapomorphus quinquelineatus (Raddi, 1820) 1 0 0 0 1
Leiosauridae Enyalius perditus Jackson, 1978 5 1 0 3 1
Urostrophus vautieri Dimeril & Bibron, 1837 1 0 0 1 0
Gymnophthalmidae Heterodactylus imbricatus Spix, 1825 1 1 0 1 0
Scincidae Notomabuya frenata (Cope, 1862) 1 0 0 1 0
Teiidae Salvator merianae Duméril & Bibron, 1839 1 0 0 0 1
Subtotal 11 2 0 6 3
Rodentia 483 83 86 M6 198
Didelphimorphia " 4 0 3 4
Total 676 158 164 230 302
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Figure 3. Mean abundance = standard error (SE; vertical lines) of the animals sampled in the central and terminal buckets, with and without
the internal rims for all individuals trapped and by taxonomic group. Black bars = buckets with rims; gray bars = buckets without rims.
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Table 2. Data of Repeated Measures ANOVA expressed in degrees
of freedom, the sum of squares in the numerator, F ratio, and P-value
of the total abundance of individuals captured by month and the type
of bucket used (with and without internal rims). Asterisk indicate
interaction term. Bold values highlight statistical significance.

df SSn [ P
Month 8 41.75 11.06 0.01
Rim 1 0.63 0.93 0.34
Month* Rim 8 3.40 1.30 0.24

Table 3. T-test results comparing the presence and absence of rims on
the abundance of specimens captured depending on bucket position
and taxonomic group. Bold values highlight statistical significance.

Group df t P

Central

All 121.43 -0.12 0.89

Anura 22.45 -0.29 0.76

Physalaemus cuvieri 20.18 -0.65 0.51

Squamatas " 1.48 0.16

Didelphimorphia 23 1.94 0.06

Rodentia 21.99 -0.12 0.90
Terminal

All 307.76 -1.68 0.09

Anura 75.97 0.37 0.71

Physalaemus cuvieri 75.87 0.88 0.38

Squamatas 69.94 1.05 0.29

Didelphimorphia 69.87 -0.36 0.71

Rodentia 58.59 -2.51 0.01

DISCUSSION

Pitfall traps are frequently used to sample mammals (Pardini
& Umetsu, 2006), squamates (Ribeiro-Jdnior et al., 2008),
and amphibians (Gascon, 1996; C. Rocha et al., 2001)
in several forest environments around the globe, e.g.,
Amazon Forest in Brazil (Santos-Filho et al., 2015; Ardente
etal., 2017; Palmeirim et al., 2019), Atlantic Forest in Brazil
(Bovendorp et al., 2017), Uzungwa forest in Tanzania
(Lyakurwa et al., 2019), Wologizi in Liberia (Mamba et al.,
2020). Still, this is the first study to evaluate the efficiency
of pitfall traps with internal rims on the bucket border for

sampling terrestrial vertebrates. Our results indicate that
modifications implemented in the pitfall traps (rims) did not
affect their capture efficiency in sampling ground-dwelling
and semi-arboreal species of anurans, lizards, and mammals
in the Seasonal Semi-deciduous Forest.

The pitfall traps exhibited efficiency in sampling
amphibians, notably more efficient for the ground-dwelling
species. Specifically, they recorded 46.4% (n = 13) of the
potential species known to inhabit the area, while capturing
76.9% of the ground-dwelling species (Sierra Ramirez, 1998;
Garey & Silva, 2010). The efficiency of pitfall traps in sampling
ground-dwelling anurans is congruent with other studies
(e.g., C. Rocha et al., 2001; Ribeiro-Junior et al., 2008; R.
Rocha et al.,, 2015) but there are exceptions (see C. Rocha
et al., 2004; Hutchens & DePerno, 2009). The capture of
terrestrial frogs is expected because these animals inhabit the
forest leaf litter; hence, they are pruned to be oriented by
the drift fences when moving on the ground (Ali et al., 2018).
As ground-dweller anuran species are poor climbers, we did
not expect that the rims would affect the smaller species, like
the microhylid Elachistocleis cesarii. However, large-bodied
species, like some species of Bufonidae, have relative climbing
ability that could enable them to escape when tree branches
fall within the buckets (Noronha et al., 2013).

We found that pitfall traps represent an efficient
method for lizards in the Semi-deciduous Forest but less
efficient for snakes. Snakes corresponded to 5.26% of
the richness of species found, and the only snake that was
trapped was the colubrid Elapomorphus quinqguelineatus, a
small-bodied species. Compared with lizards and anurans,
snakes are the least sampled group using pitfall traps,
particularly in forested environments (Bernarde, 2012). This
is particularly true for large and arboreal species that can
easily climb out of the buckets. Arboreal or semi-arboreal
species, like the colubrid snakes Chironius quadricarinatus
Boie, 1827 and Spilotes pullatus (Linnaeus, 1758), are
present in the study area (Garey et al., 2014). However,
we cannot be sure if snakes have fallen and escaped or

never fallen in the traps. Other sampling techniques might
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provide better results when sampling snakes (Ali et al.,
2018; Richardson et al., 2018). Active search has been
demonstrated to work in regions where snakes are more
abundant, e.g., Amazon Forest and Western Australia,
whereas funnel traps are a good option for capturing aquatic
or semi-aquatic species (Tietje & Vreeland, 1997; Graham
et al., 2007; Masseli et al., 2019).

Here, mammals made up the largest portion of the
total of individuals trapped, indicating that this method
is efficient for small ground-dwelling and semi-arboreal
mammals in the Semi-deciduous Forest. This supports
other studies indicating that pitfall traps yield better
performance than capture methods, such as Sherman or
Tomahawk traps (Umetsu & Pardini, 2007; Abreu-Jdnior
& Percequillo, 2019). However, different from reptiles and
anurans, using internal rims led to a slight reduction in the
efficiency of capturing rodent individuals in some cases
and, consequently, in the total of mammals trapped. We
postulated that the animals could perceive the rims — an
unstable substratum — and so forth as avoiding the fall,
which is indirectly related to the reduction in the size of
the bucket opening (Gibbons & Semlitsch, 1982).

Innovations in trapping techniques of terrestrial
vertebrates are necessary to gain better sampling results.
Still, studies that evaluate modifications on pitfall traps have
focused mainly on the drift fence design, e.g., linear, radial,
or grid, and on the size of the buckets, varying from 5 to
100 litters (Ribeiro-Junior et al., 2011; Bovendorp et al.,
2017). Larger buckets seem more efficient in capturing
snakes, whereas bucket size is less significant for amphibians
and other reptiles (Cechin & Martins, 2000; Maritz et al.,
2007). still, in several cases, drift fence design does not
affect the capture efficiency of small mammals, reptiles, and
amphibians (Ribeiro-Junior et al., 2011; Rocha & Passamani,
2013). Investigations on maodifications of the pitfall structure,
such as approaches that prevent escape, could potentially
enhance trapping efficiency, especially for larger animals.

We suggest that the use of pitfall trap for small

vertebrates sampling could benefit from similar pitfall

modifications implemented in entomological sampling.
Several factors can affect pitfall efficiency in small vertebrate
sampling, and some of these factors also acts over the smaller
pitfall traps used in entomological sampling. For example,
escape can be facilitated by vegetation that falls within the
buckets. In this case, pitfalls with a suspense roof structure
over the buckets could prevent this from happening.
Similarly, buckets with entrances with a funnel could make
it difficult for individuals to escape (see Lange et al., 2011,
Csaszar et al., 2018). The functionality of entrance with a
funnel would be analogous to the funnel trap but as a pitfall.
Bait is often used in beetles and butterflies sampling in pitfall
or Vann Someren-Rydon traps (Hughes et al., 1998; Knapp
etal., 2016). Baiting within pitfall could be an efficient method
to attract mammals and snake predators. We also propose
to evaluate if rubbing Vaseline (petroleum jelly) within the
bucket wall testing could prevent animals, like snakes, from
climbing out. Nevertheless, more investigations on pitfall
trap modifications are necessary to verify which modifications
could increase pitfall efficiency in vertebrate sampling.

CONCLUSION

The pitfall trap proved to be an efficient method to capture
lizards, amphibians, and mammals but less efficient for
snakes, like other studies. Our hypothesis that using
internal rims would increase the efficiency of capture of
terrestrial vertebrates, in general, was not corroborated.
Instead, using rims decreased the traps’ efficiency, especially
for the high capture rate of mammals Rodentia species.
Considering the efficacy and the cost-benefit relationship,
we do not recommend using 30-liter buckets with internal
rims to sample small vertebrates. However, more studies
that evaluate for integrated pitfall trap modifications, for
example, the presence of rims on different bucket sizes,
could be interesting. In conclusion, investigations on the
relationship between pitfall modifications focusing on
taxonomic or functional groups, such as terrestrial versus
arboreal or Rodentia versus Didelphimorphia, could reveal
trap specifications during sampling.
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