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Abstract

Maximizing cost-efficiency of biological surveys is of great importance to assess threats and monitor changes in tropical
landscapes, particularly when survey costs are high as in Neotropical small mammals. Species detectability is mostly affected
by local abundance but can further vary according to the forest size in fragmented landscapes. For example, species detection
in smaller fragments may be higher due to either spatial constrains or forest vertical compression. Here, trade-offs between
duration of trapping sessions and the cost of obtaining accurate small mammal individual and species data are investigated
across a range of forest sizes, while accounting for potential sampling bias. Using a combination of live (Sherman and wire
mesh) and pitfall traps, patterns of cumulative capture—recapture rates and community composition were examined across
16 night trapping sessions in 42 transects nested within 14 insular forest fragments of different sizes, and two continuous
forest sites in the Central Brazilian Amazon. Based on 40,254 trap-nights, 604 captures were recorded from 22 identifiable
species. Cumulative number of captures gradually increased along the entire trapping session, and on average, nearly half of
all species required more than eight trapping nights to be detected at each sampling transect. Sampling bias was responsible
for increased cumulative recapture rates in smaller fragments, but did not affect cumulative capture rates, or time to first
detection of each species. Instead, time to first detection was mostly positively affected by species abundance. Our results
highlight the higher effectiveness of long trapping sessions (i.e. > 10 nights) to detect uncommon species, increase sample
sizes and recapture rates. Overall, if small mammal species abundance is high, sampling intensity can be reduced. However,
regardless of species abundance, large fragments and continuous forest sites should be more intensively sampled to reduce
any potential sampling bias.
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Introduction

Maximizing the cost-efficiency of biological surveys is of
great importance to assess threats and monitor changes
in forest landscapes prone to human-induced disturbance
Electronic supplementary material The online version of this (Gardner et al. 2008). The costs of obtaining ecological
article (https://doi.org/10.1007/s42991-020-00012-2) contains data are particularly high when either species detectabil-
supplementary material, which is available to authorized users. ity or density is low, making individuals difficult to sample
(Green and Young 1993; Gu and Swihart 2004). Moreover,
such sampling costs per individual can also vary according
to spatial scale and habitat characteristics (Brennan et al.
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In fragmented landscapes—where the original vegetation
is reduced to habitat remnants—species richness typically
increases with habitat amount or fragment size (Watling and
Donnelly 2006; Fahrig 2013), mostly due to the occurrence
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amount of habitat or larger fragment area (Fig. 1a). These
forest-specialist species generally occur at low densities
(Devictor et al. 2008), hence for a given sampling effort,
failure in species detection will be more frequent towards
larger fragment areas (Fig. 1b). This sampling bias would
lead to underestimate species richness and extinction rates.
Improving sampling completeness of biological communi-
ties in larger fragments then becomes critical to derive infer-
ences about their conservation value (Ewers and Didham
2006). Conversely, additional unaccounted factors might
favor detectability. For example, sampling bias might be
responsible for higher species detectability in small frag-
ments, because spatial constrains may lead individuals to
pass nearby traps more often, disturbed forest structure and
reduced habitat quality may turn trapping baits more attrac-
tive, and may induce arboreal species to move into lower
forest strata, thereby coming into contact with traps more
often than in higher quality forest (Fig. 1b). In this way,
sampling bias increases the detectability of individuals and
species, so that a higher abundance and species richness are
observed in either small or poor-quality fragments, further
masking species responses to habitat loss and fragmentation
(Haila 2002). Quantifying such bias is, therefore, important
to appropriately adapt sampling designs, for example, by
intensifying sampling effort at larger forest areas (Fig. 1c).
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Fig.1 Conceptual framework used to investigate sampling bias in
small mammal surveys considering a a range of fragment sizes and
b variable species detectability across that range due to unaccounted
factors. In ¢ are described our expectations if sampling bias occurs
across the range of fragment sizes and, if so, how to allocate sampling
effort

@ Springer

In Neotropics, small mammals comprise the vertebrate
group with the highest associated survey costs in multitaxon
studies (Gardner et al. 2008). These species play several eco-
logical roles, feeding on a wide variety of resources and act-
ing as seed consumers and seed dispersers (Terborgh et al.
2001). Information on small mammal assemblages is, there-
fore, valuable to elucidate broad ecological processes, such
as forest regeneration (Galetti et al. 2015) and arthropod
control (Carvalho et al. 2005). To minimise survey costs and
maximise the amount of data acquisition, many methodo-
logical studies have evaluated the efficiency of different trap
types (i.e., mostly pitfall and live traps, such as Sherman and
Tomahawk), configuration (i.e., line transect or grid), posi-
tion across the vertical forest strata and trapping season (e.g.,
Laurance 1992; Lambert et al. 2006; Umetsu et al. 2006;
Vieira et al. 2014; Santos-Filho et al. 2015; Palmeirim et al.
2019). More recently, Bovendorp et al. (2017) assessed the
effects of varying sampling effort on observed species rich-
ness of small mammals across the Brazilian Atlantic For-
est, demonstrating that observed species richness is highly
dependent on the sampling effort used. However, studies on
how to allocate sampling effort in terms of trapping dura-
tion (length of each trapping session), intensity (number
and density of traps used) and frequency (the number of
trapping sessions) remain scarce. Consequently, research-
ers frequently establish a standard and fixed effort for every
sampling unit (fragment and site within a large continuous
area), even when a pilot study is performed.

In cost-efficiency terms, trapping duration, intensity and
frequency should be balanced considering the rate of new
individuals captured—-recaptured and species detected in rela-
tion to the time spent in setting each live or pitfall trap in
their positions, heavy loads, and sufficient manpower to dig
many holes for pitfall buckets, in addition to the time spent
checking each trap at least once daily. In terms of sampling
duration, small mammals are usually sampled using trap-
ping sessions of four to eight consecutive nights (Pardini
et al. 2009; Delciellos et al. 2015; Borges-Matos et al. 2016).
This number of nights is thought to be sufficient to capture
a reasonable number of individuals and species (Larsen
2016), while subsequent trapping nights would only increase
the number of recaptured individuals. These assumptions
favouring short trapping sessions (i.e., four to eight trapping
nights) were rarely tested (but see Moura et al. 2008). Nev-
ertheless, the number of trapping nights may influence the
number of small mammal species and individuals. In addi-
tion to low-density species, some species are “trap-shy” (i.e.,
individuals avoiding traps), and thereby undetected during
the first trapping nights (Moura et al. 2008). Therefore, the
detection of both “trap-shy” species and those occurring at
low abundances can be compromised under relatively short
trapping sessions.
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We aim at determining the most efficient sampling design
to survey small mammal assemblages in fragmented land-
scapes. To do so, the number of trapping nights was related
to the cost of obtaining accurate individual and species data,
while accounting for potential sampling bias across the range
of fragment sizes. Patterns of cumulative capture-recapture
rates and community composition were analysed across
16 trapping nights. This unusually long trapping session
employed here provide a rare opportunity to evaluate the
sampling effort needed to maximize sample size and records
of uncommon species. Over that period, we expect (1) the
cumulative number of captures to increase over the first trap-
ping week, and cumulative number of recaptures to increase
over the second week; and (2) most species to be detected
over the first trapping week, while only a few species should
be detected over the second week, possibly comprising less
abundant species. The relative effects of the length of the
trapping session and fragment area were further assessed on
cumulative capture-recapture rates, in addition to the influ-
ence of fragment area and species abundance on the time to
first detection of a species. Finally, due to potential sampling
bias, we expect (1) higher capture and recapture rates, and/or
(2) shorter periods until first detection of a species in smaller
fragments (Fig. 1). Implications of potential sampling bias
on small mammals sampling design are discussed.

Materials and methods
Study area

This study was carried within and around the archipelagic
landscape of the Balbina Hydroelectric Reservoir, in Central

59°30'0"W

Brazilian Amazonia (1°48'S, 59°29'W; Fig. 2). The reservoir
was created 28 years prior to this study following the dam-
ming of the Uatuma River, a left-bank tributary of the Ama-
zon River. In total, 312,900 ha of primary forest was flooded
within the 443,772-ha hydroelectric reservoir (FUNCATE/
INPE/ANEEL 2000), leaving 3546 islands correspond-
ing to the former hilltops. Mainland continuous forest and
most islands consist of dense closed-canopy terra firme for-
est. The local mean annual temperature is 28 °C and mean
annual rainfall is ~2376 mm (IBAMA 1997). Small mam-
mal assemblages were surveyed across 42 sampling transects
nested in 16 sites: 14 islands and 2 sites in mainland continu-
ous forest. Hereafter, fragment area is used to refer to the
area of both islands and mainland continuous forest sites.

Small mammal sampling

Due to their diversity of locomotion habits and diets, Neo-
tropical small mammals are usually surveyed using dif-
ferent trap types deployed across the entire vertical forest
strata (Larsen 2016). Here, both live and pitfall traps were
deployed along linear transects during sessions of 16 con-
secutive nights over 2 field seasons, from April to November
2014, and from April to November 2015. Each transect con-
sisted of a set of nine stations of live traps (hereafter, LTs),
followed by an array of three pitfalls. Stations of LTs were
20-m apart, and included two Sherman traps (23 X9 X 8 cm,
H. B. Sherman Traps, Inc., Tallahassee, Florida) and one
wire-mesh trap (30X 17.5x 15 cm, Metal Miranda, Curitiba,
Parand). At each LT station, one trap was set on the ground,
one in the understory (~ 1.5 m high), and one in the (sub)
canopy (> 10 m high). Live traps of different types were
placed alternatively on the ground and in the understory
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Fig.2 Location of the study area and 42 sampling transects (indi-
cated by red dots) distributed within 14 forest islands and 2 mainland
continuous forest sites in the Balbina archipelagic landscape of Cen-
tral Brazilian Amazonia. The inset illustrates the sampling design of
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each transect: an array of three pitfall traps followed by nine stations
of live traps (i.e., Sherman and wire-mesh traps), each station includ-
ing three traps deployed at the forest floor, understorey and (sub)can-
opy. Distances between traps are indicated in the figure
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across consecutive stations, but only Sherman traps were
placed in the canopy due to logistic limitations (see Fig. 2).
To set traps in canopy, an adaptation of the method described
by Lambert et al. (2006) was used. LTs were baited with a
mix of bananas, peanut powder, sardines and oatmeal. Pit-
fall traps (100L) were also spaced at 20-m intervals and
connected by a plastic drift fence 50-cm high and 10-cm
underground, with 10 m of fence extending beyond the two
terminal pitfalls.

More sampling transects were deployed on larger
islands and continuous forest sites. The number of tran-
sects on each island ranged from one to four according to
the following classes of island size: 10-50 ha, 50-200 ha,
200-500 ha and > 500 ha. The number of transects in
continuous forest sites (CF1 and CF2) was four and six,
respectively (Table A.1). A total 40,254 trap-nights were
conducted across 42 transects. All traps were inspected
daily and whenever individuals could not be identified in
the field, a maximum of five specimens per species per site
were collected during the first trapping session, and depos-
ited at the Mammal Collection of the Instituto Nacional
de Pesquisas da Amazo6nia (INPA), in Manaus, Brazil. The
number of collected specimens for identification purposes
accounted to 14.7% of all individuals recorded. Yet, this
is not expected to affect recapture rates since those are
based on the number of individuals marked and released
(Fig. A.1). All other individuals recorded were weighted
and tagged (small mammals ear tag, size 1; National Band
and Tag Co., Newport, Kentucky), so that any subsequent
recaptures could be distinguished. Tissue samples from
the ear were collected from all individuals recorded and
deposited at INPA, but we were not always able to iden-
tify at the species-level records of Proechimys spp. (P.
cuvieri and P. guyanensis) and Oecomys spp. 1 (O. roberti
and O. bicolor) at all sites. Because these congeners are
ecologically very similar (Jones et al. 2009), those taxa
are referred as ecospecies, and hereafter species is used
to refer to both species and ecospecies. The American
Society of Mammalogists guidelines were followed in
this study (Sikes 2016), which was further approved by
the appropriate Brazilian institutional animal care and use
committee (SISBIO license no. 39,187-4).

Data analysis
Individuals from the two trapping sessions were pooled
together at each transect due to overall low capture rates.

All data analyses were performed in R version 3.3.3 (R
Development Core Team 2017).
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Cumulative individual capture-recapture rates

To compare cumulative individual capture—recapture
rates between the first and second trapping weeks, we per-
formed Generalized Linear Mixed Models (GLMMs) for
each trapping week separately. GLMMs were performed
using the hglm R package (Ronnegard et al. 2010). The
response variables were the cumulative number of cap-
tures (i.e., considering the first capture of new individuals;
log,, x) and recaptures (i.e., subsequent captures of the
same individual; log;, x), which were related to the night
of the trapping session (explanatory variable). GLMMs
were performed using a Gaussian error structure with an
identity-link function. The distribution of each response
variable was checked prior to the analysis and log-trans-
formed whenever needed to meet the normality criteria.
This procedure was further performed in the following
modelling analyses. Since multiple sampling transects
were grouped within islands and continuous forest sites,
our data presented a nested structure. To account for such
potential spatial autocorrelation (Bolker et al. 2009), site
identity was considered as a random term.

First and second detection of species

The number of species detected for the first (i.e., species
capture) and second time (i.e., species recapture) were quan-
tified over the first and second trapping weeks. To do so,
the bootstrapped average number of nights to the first and
second detection of each species were determined. A boot-
strap approach was used due to considerable variation in
number of transects where each species was detected at least
once. Indeed, with the exception of Echimys chrysurus for
which only one individual was recorded once throughout
the study, other species were detected across 2—34 transects
(mean+SD 11.6+8.5). The bootstrapped number of nights
to first and second detection of each species was obtained
from the same number of randomly drawn transects where
each species was detected at least once and detected at least
twice, respectively. The average number of trapping nights
was given by the average of the estimates obtained on the
basis of 1000 sub-samples (mean + SD), using the boot pack-
age within R (Canty and Ripley 2017).

Potential sampling bias

Variation in the cumulative individual capture-recapture
rates is expected to be due to the night of the trapping ses-
sion, depending on local species abundance. If sampling bias
occurs, we further expect increased cumulative individual
capture-recapture rates in decreasingly smaller patches. To
account for such sampling effects, the cumulative number of
captures (log,, x) and recaptures (log,, x) in each transect
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were the response variables in GLMMs with trapping night
and forest fragment area (log,, x) being the explanatory varia-
bles. Since increased cumulative individual capture-recapture
rates can simply result from higher species abundance, species
abundance (i.e., number of individuals at each sampling tran-
sect) was included as a random variable. Site identity was not
included as a random variable, because any potential spatial
autocorrelation was considered to be already accounted for
by including local species abundance as a random variable.
GLMMs were performed using a Gaussian error structure
with an identity-link function. Fragment (island) area was
calculated using ArcMap 10.1 (ESRI 2012), based on high-
resolution multi-spectral RapidEye® imagery (5-m resolution
with 5-band colour imagery) of the entire study landscape.
Because fragment area could not be obtained for CF sites,
values closely approximate one order of magnitude larger than
our largest island were assigned to those sites.

More abundant species are expected to be detected earlier
in the trapping session (date of first capture). In addition, the
smaller the island, the sooner any given species is expected
to be detected because of more intensive passive sampling.
To determine the importance of the two above-cited sam-
pling bias effects, the number of nights to first detection
at each transect was used as response variable in GLMMs
with fragment area (log,, x) and species abundance (log,
x) as predictors. Species and site identity were included as
random variables, using a Gaussian error structure and an
identity-link function. Time to first detection for individual
species was then analysed in separate, by performing simi-
lar GLMMs, but considering only site identity as the ran-
dom term. As a reasonable number of transects with species
detection is required for statistical inference, these species-
specific analyses were only possible to be carried out for
nine species recorded in at least ten transects.

Results

A total of 604 captures and 535 recaptures from 22 identifi-
able species, representing 13 rodents and 9 marsupials, were
recorded across the 42 sampled transects. This resulted in a
trapping success of 2.8% and 1.5% including and excluding
recaptures, respectively. The most abundant species, which
also matched those most commonly recaptured, were the
marsupials Marmosa demerarae, Didelphis marsupialis and
Philander opossum, and the rodent Hylaeamys megaceph-
alus, collectively accounting for 64.1% of all individuals
recorded (Fig. A.1).

Cumulative individual capture-recapture rates

The cumulative number of captures increased significantly
not only over the first week (., =0.088 +0.004, P <0.001),

night

but also over the second week (S, =0.028 +£0.003,
P <0.001). Similar results were observed in terms of recap-
ture rates, which also increased significantly over both the
first (fyigne=0.077£0.005, P <0.001) and second weeks
(Baigne=0.053£0.006, P <0.001; Table A.2; Fig. 3). Cumu-
lative captures and recaptures combining all transects further
illustrate the increasing trapping success over the entire trap-
ping session (Fig. 4). The initial increase in the cumulative
number of captures is followed by an increase in the cumu-
lative number of recaptures. Consequently, overall trapping
success in the second week is more than twice that observed
in the first week (Fig. 4).

First and second detection of species

The continuous increase in number of captures over the
whole trapping session goes along with the detection of
different species. Eleven species were recorded over the
first week, while nine species were recorded over the sec-
ond week (time to first detection + SD for each species is
illustrated in Fig. 4). Recaptures were obtained for 11 spe-
cies, starting on the 6th trapping night (time to first recap-
ture + SD for each species is illustrated in Fig. 4). Four and
seven species were recaptured over the first and second
weeks, respectively.

Potential sampling bias

Fragment area did not additionally affect the cumulative
number of captures (Fig. 5a). Yet, cumulative number of
recaptures was further significantly affected by fragment
area, with more individuals being recaptured at smaller frag-
ments (Bpoment area = — 0.029£0.011, P=0.010; Fig. 5a).

Considering all species, time to first detection signifi-
cantly decreased with increasing species abundance. Yet,
time to first detection was not affected by the fragment
size (Table 1). When nine species recorded in at least
10 sampling transects were considered separately, time
to first detection was significantly shorter when species
abundance was higher for four species: Didelphis marsu-
pialis, Hylaeamys megacephalus, Marmosa demerarae and
Proechimys sp. (Table 1).

Discussion

The unusually long trapping sessions carried out in this
study allowed us to improve our understanding of small
mammal capture-recapture dynamics along a range of
forest fragment sizes. Contrary to our expectations, the
cumulative number of captures gradually increased along
the entire trapping session, and nearly half of all species
on average required more than eight trapping nights to be
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Fig.3 Cumulative numbers (a) Captures
captures and recaptures (log;, 151

x) analyzed (a, b) by transect,
and (c) pooling all 42 transects
across 16 trapping nights in the
Balbina landscape. Boxplots (a,
b) indicate the median, 1st and
3rd quartiles, and minimum and
maximum values of cumula-
tive number of captures and
recaptures across 42 sampling
transects, respectively; vertical
dashed line indicates the end of
the first trapping week and the
beginning of the second
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detected at each sampling transect. Sampling bias effects
were responsible for higher cumulative recapture rates
observed in smaller forest fragments, but were not impor-
tant for cumulative capture rates, or for the time to first
detection.

How many trapping nights?

Representative sampling of small mammals depends on the
total number of trap-nights carried out (Bovendorp et al.
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2017). Thus, to record a reasonable number of individuals,
it is necessary to balance the duration (i.e., number of trap-
nights) and frequency (i.e., number of repeats) of trapping
sessions. Information on the trapping success throughout
the trapping session is crucial to guide efficient sampling
design (Larsen 2016). Most small mammal studies are based
on trapping sessions of four to eight consecutive nights that
are usually repeated three or four times (Pardini et al. 2009;
Delciellos et al. 2015; Borges-Matos et al. 2016), or monthly
over longer periods (i.e., > 1 year; Grelle 2003; Mesquita
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Fig.5 Effect of fragment area
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Table 1 Effects of the fragment
area (log;, x) and species

abundance (log;, x) on the
number of trapping nights to
first detection

Species Model parameters Estimate SE P value
All species Fragment area (log;, x) -0.126 0.243 0.606
Species abundance (log x) - 6.967 0.704 <0.001
Didelphis marsupialis (N=21) Fragment area (log x) 0.032 0.050 0.540
Species abundance (log x) -1.173 0.215 <0.001
Hylaeamys megacephalus (N =20) Fragment area (log, x) 0.078 0.070 0.283
Species abundance (log x) —0.501 0.139 0.004
Marmosa demerarae (N=34) Fragment area (log x) —0.005 0.043 0913
Species abundance (log x) - 0422 0.172 0.020
Proechimys sp. (N=23) Fragment area (log;, x) 0.073 0.043 0.276
Species abundance (log x) —0.565 0.172 0.042
Marmosops parvidens (N=15) Fragment area (log;, x) 0.010 0.053 0.855
Species abundance (log x) —0.467 0.227 0.062
Mesomys hispidus (N=16) Fragment area (log; x) 0.089 0.183 0.636
Species abundance (log;, x) — 0.866 0.751 0.273
Philander opossum (N=18) Fragment area (log,, x) 0.052 0.102 0.636
Species abundance (log,, x) 0.085 0.297 0.273
Metachirus nudicaudatus (N=11) Fragment area (log,, x) 0.033 0.102 0.624
Species abundance (log;, x) 0.085 0.297 0.782
Oecomys sp. 1 (N=12) Fragment area (log,, x) —0.053 0.060 0.404
Species abundance (log;, x) —0.558 0.376 0.182

GLMMs were performed separately for nine species recorded in at least 10 transects in the Balbina land-
scape using a Gaussian error structure with an identity-link function. Site identity was used as a random
variable. For each species model, the number of transects where each species was detected is indicated

and Passamani 2012; Vieira et al. 2014), while only few
studies carried out trapping sessions extending over 8—10
nights (Lambert et al. 2005; Santos-Filho et al. 2015). Our
results based on 16 consecutive trapping nights, however,
did not find short trapping sessions to be cost-efficient, as
new individuals were recorded throughout the entire trap-
ping session. Therefore, to obtain a meaningful sample of
small mammals in relatively rich assemblages (e.g., Bal-
bina: > 22 species), longer trapping sessions seems the more
efficient strategy. This is particularly relevant when trapping
success is low but species richness is high, as is often the

case in the Neotropics (e.g., 5%, Woodman et al. 1996; 3.1%,
Lambert et al. 2005; 2.4%, Santos-Filho et al. 2012), and if a
limited number of traps is used during the trapping session.

The need of longer trapping sessions to reach repre-
sentative samples is further supported by the time to first
detection, which was longer than eight consecutive nights
for nearly half of the 22 species. Species recorded later in
the trapping session corresponded to those occurring at low
abundances, as noticed from the longer time to first detec-
tion whenever species abundance was lower. Moreover,
this group of rare species, which was largely detected over
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the second trapping week, includes arboreal Echimyidae
rodents, Isothrix pagurus and Echimys chrysurus, as well
as other arboreal rodents Guerlinguetus aestuans and Rhipi-
domys leucodactylus, which are more often captured in the
understorey and canopy traps, where trapping success is
lower due to the three-dimensional space (Lambert et al.
2005). Some of these species recorded later in the trapping
session may also correspond to ‘trap-shy’ species, which
likely avoid traps during the first nights (Moura et al. 2008).

Potential sampling bias

Small mammal species abundances tend to increase towards
smaller forest fragments surrounded by either a terrestrial
(Pardini et al. 2005; Vieira et al. 2009) or aquatic matrix
(Glanz 1990). This negative effect of fragment size on spe-
cies abundance was also observed for small mammals across
the Balbina landscape, particularly for non-forest-dependent
species (Palmeirim et al. 2018). Higher species abundance
in smaller fragments is likely to result from the absence of
predators (Terborgh et al. 1997) or density compensation in
the absence of other small mammal species (Fonseca and
Robinson 1990). Given that overall probability of species
detection increased with species abundances, sampling bias
is likely to negatively affect species detection at larger frag-
ments where species abundance is lower. Furthermore, sam-
pling bias could potentially favour recording higher species
abundance in smaller fragments due to bait attractiveness
or spatial constrains (e.g., smaller areas and vertical forest
compression) therein. As we did not detect any evidence
of sampling bias on the cumulative number of individu-
als we concluded that individuals encounter traps in large
fragments as quickly as in small fragments. However, the
cumulative number of recaptures increased faster in smaller
fragments, suggesting that once individuals enter a trap for
the first time, they tend to enter again more often in smaller
fragments. This sampling bias could still be due to higher
bait attractiveness in smaller fragments where habitat qual-
ity, including the availability of trophic resources, is lower
(Adler and Lambert 1996). Likewise, it is possible that
smaller fragments and vertical forest compression contribute
to some extent for individuals to repeatedly pass near traps,
which would increase the cumulative number of recaptures
following prolonged trap exposure. This explanation is fur-
ther supported by evidence on altered small mammal move-
ments in fragmented habitats, which may result in either
increased or decreased home ranges and use of space (Pires
et al. 2002; Lira et al. 2007; Delciellos et al. 2017).

Recommendations for future studies

Given that resources available for conservation studies are
usually scarce, and that strategic allocation of resources is
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extremely important (Cleary 2006), we recommend using
appropriate sampling designs in terms of trapping session
duration, frequency and intensity. Assuming the labour and
financial costs of deploying live and pitfall traps, adopt-
ing longer but fewer trapping sessions could improve the
cost efficiency of Neotropical small mammal surveys. This
strategy is particularly adequate for studies focusing on
the community-wide species composition, since it would
allow experts to obtain a better cost-efficient detection of
uncommon or rare species. If the focus of future studies
is on population ecology, longer trapping sessions could
also increase sample size and recapture rates, increasing
the power of statistical analysis. Conversely, such studies
may require estimates of population size relying on the
assumption that populations can be considered mostly con-
stant during the sampling period, without gains or losses, as
assumed by statistical closure (reviewed in Williams et al.
2002). The longer the sampling period, the more likely are
population gains and losses to occur, and this assumption
could be more severely violated. Previous knowledge of the
environment and species should be used to infer whether
the risks of significant changes in gains and losses within
a two-week sampling periods outweigh the advantages of a
higher statistical power.

As time to first detection mainly depended on local spe-
cies abundances, previous knowledge on the local small
mammal abundance and richness, if any, should be consid-
ered when deciding the trapping session duration and num-
ber of repeats. Moreover, our results further highlight the
importance of taking into account potential sampling bias
noticed towards smaller fragments. One way to overcome
this issue would be intensifying sampling effort at larger
forest sites. So far, proportional sampling effort has been
rarely adopted in previous studies evaluating the effects of
habitat loss and fragmentation on small mammal assem-
blages (e.g., Santos-Filho et al. 2012; Delciellos et al. 2015;
Borges-Matos et al. 2016). Still, adopting proportional sam-
pling effort would be useful to account for (1) greater habitat
variability of larger forest areas (Schoereder et al. 2004) and
(2) apparently higher trapping success intrinsic to smaller
forest areas resulting from unaccounted factors (e.g., higher
bait attractiveness and spatial constrains). Additionally, local
species abundance and potential sampling bias across frag-
mented landscapes should be further considered to improve
the cost efficiency of small mammal surveys according to
its specific aims.
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