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Abstract

Small non-flying mammals represent 44% of Brazilian mammal species and have a wide range of habits and life-history strat-
egies. This wide diversity requires different sampling methods in survey studies. We compared the efficiency of pitfall and
live-traps in different vertical positions in relation to the alpha and beta diversity of small mammals in three forest fragments
with different levels of conservation and in a continuous area in the southwestern Amazon, Acre state. Captures were carried
out using a combination of pitfall traps and live-traps on the ground, understorey, and canopy. Taxonomic identification was
performed by morphological and molecular analyses. Alpha diversity was evaluated using Hill numbers (g =0 and g = 1). The
turnover between different types of traps and different vertical strata (beta diversity) was analysed using permutation analysis
of variance. Species richness between areas ranged from 6 to 21. The highest species richness was observed in ground traps,
and the lowest species richness was observed in the canopy. Live-traps on the ground recorded a greater diversity in two areas.
Pitfall traps recorded the greatest number of unique species in three areas. The different types of traps and the different vertical
positions acted in a complementary way in the small mammal samplings. The turnover in relation to trap type and stratum
indicated the formation of two significantly different groups: ground traps and aboveground traps. However, the use of canopy
traps did not contribute significantly to an increase in the estimated species richness and diversity in three of the four localities.
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Introduction wide diversity of habits and life-history strategies. Species

vary from 10 to 1500 g in mass; they have terrestrial, fosso-
Small non-flying mammals, represented by small rodents  rial, arboreal, or scansorial habits and show a wide variety
and didelphid marsupials, represent approximately 40% of  of feeding habits — frugivorous, granivorous, folivorous,
Brazilian mammal species (Quintela et al. 2020) and have a  insectivorous, and omnivorous species (Paglia et al. 2012).
Such characteristics give small non-flying mammals a high
rate of adaptation and ability to occupy different habitats
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(Emmons and Feer 1997; Vieira and Monteiro-Filho 2003;
Hannibal and Caceres 2010). This wide range of charac-
teristics leads to difficulties in conducting species surveys
for this group, resulting in the need for different sampling
methods to reduce the large gaps in knowledge related to the
occurrence and distribution of small mammals.

Traditionally, small mammals are sampled using live-
traps and, in many cases, pitfall traps. Live-traps attract
animals with baits and allow the capture of a wide range of
species when using different sizes. Pitfalls attract animals by
interception and can capture animals that are not attracted
by baits or live-traps; thus, they are considered a comple-
mentary method to live-traps. Pitfall traps were determinant
in estimating the species richness and abundance of rodents
and marsupials in forest studies (Quintela et al. 2013; Abreu-
Junior et al. 2016; Bovendorp et al. 2017). However, pitfalls
can expose the captured animals to predation and to weather
conditions, such as heat and rain (Barros et al. 2015). In
addition, they are a more laborious sampling method than
live-traps because they require prior installation and per-
manent maintenance once installed. Another factor to be
considered when sampling small mammals is the different
use of vertical strata by animals in forest areas due to their
great diversity of locomotor habits already mentioned. Thus,
sampling in different strata allows a greater range of species
to be recorded in a survey. However, sampling small mam-
mals in different strata, especially in the canopy, can be more
expensive and laborious.

Despite their ecological importance, small mammals are
one of the least studied taxa in the Amazon. This is due to
the natural logistical difficulties imposed by the biome, the
high degree of vertical stratification of the environment, the
high cost involved in small mammal surveys (Gardner et al.
2008), and the ecological characteristics of this taxa, such
as the low density of many species and the diversity in the
use of space, which require a large and complex sampling
effort (Gu and Swihart 2004; Bovendorp et al. 2017; Rod-
rigues et al. 2020). In addition, land access to several areas
in the Amazon is limited, with river transport being of great
importance in the region (Peres and Lake 2003; Hernandez-
Fontes et al. 2021). Thus, geographic and economic difficul-
ties restrict biological studies to few locations in this biome,
resulting in many areas with no small mammal species sur-
veys throughout the region (Oliveira et al. 2017). Despite
this, both pitfalls and live-traps have already been success-
fully used in species surveys and biodiversity studies in the
Amazon (Santos-Filho et al. 2015; Ardente et al. 2017).

Considering the different vertical strata, there are few
studies with small Amazonian mammals that have used
canopy traps and verified their efficiency (Patton et al.
2000; Palmeirim et al. 2020). Lambert et al. (2005) evalu-
ated the impact of the use of canopy traps in two areas in
the eastern Amazon and found little improvement in the
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species accumulation curves when canopy samplings were
included. Patton et al. (2000), in their classic study of small
mammals along the Jurua River, recorded several species
on the ground and in traps placed on platforms installed in
the canopy but did not sample the understorey, making it
difficult to compare strata.

Given the diversity of sampling protocols used in field
studies of small mammals and the high costs of field cam-
paigns, understanding the efficiency of different methods
(i.e. number of sampling days, type of trap, vertical posi-
tion) is essential to compare studies and to identify the
most adequate trapping arrangement, especially when
financial resources are limited (Bovendorp et al. 2017,
Rodrigues et al. 2020; Palmeirim et al. 2020). In this
sense, our study aimed to compare the efficiency of pit-
falls and live-traps and their placement in three different
vertical strata (e.g. ground, understorey, and canopy) in
relation to small mammal species richness and alpha and
beta diversity in four different Amazonian forest sites in
the state of Acre, Brazil. Based on those studies, we tested
the hypothesis that the different types of traps and their
position in the vertical strata act in a complementary way
in their efficiency of sampling small mammals; that is, no
type of trap or vertical positioning is able to sample all
species of small mammals.

Material and methods
Study areas

Our study was conducted in the southwest Brazilian Amazon
in the eastern region of the state of Acre. The region is domi-
nated by different phytophysiognomies that cover the Ama-
zon basin, with emphasis on open forests with palm trees,
open forests with bamboos characterized by a low density
of wood and understorey dominated by the genus Guadua,
and few patches of dense forest. The average annual rainfall
is 2160 mm, with a monthly variation ranging from 28 to
299 mm (Duarte 2020).

We sampled small mammals in three forest frag-
ments and in a continuous forest area in the Acre River
basin, all formed by a mixture of the three vegetation
types described above (Fig. 1). The localities sam-
pled were (1) Seringal Cachoeira (SEC), (10°49'S,
68°21'W), in the municipality of Xapuri, an area of
continuous primary forest of 24,200 ha; (2) Reserva
Florestal Humaita (RFH) (9°43'S, 67°48'W), in the
municipality of Porto Acre, a large forest fragment of
approximately 2800 ha of primary and secondary veg-
etation, surrounded by farms, roads, and by the Acre
River in its eastern portion; (3) Fazenda Experimental
Catuaba (FEC) (10°04'S, 67°37'W), in the municipality



Mammal Research (2024) 69:9-22

n

A

Rio Branco

Legend

® Study area
Il Patch boundaries
[ Municipality

Datum: SIRGAS 2000 UTM.
Satellite Image SENTINEL 2
Date: July 30th 2022

«—> —>
15m  15m

Fig.1 A Location of the four study areas in the eastern part of the
state of Acre, Brazil, 1-Seringal Cachoeira (SEC), 2-Reserva Flor-
estal Humaita (RFH), 3-Fazenda Experimental Catuaba (FEC), 4—
Floresta Parque Zoobotanico (FPZ). B Drawing of the platform and

of Senador Guiomard, a forest fragment of 900 ha of
primary and secondary forest, surrounded by farms and
roads; and (4) Floresta do Parque Zoobotanico (FPZ)
(9°57'S, 67°52'W), in the municipality of Rio Branco,
an urban forest fragment of approximately 140 ha of
forests in different stages of ecological succession.

Field expeditions took place in March and August 2014
and July and November 2015 in the SEC, RFH, and FPZ.
At FEC, expeditions took place in November 2016 and
October 2018.

scheme of ropes used for canopy sampling. C Scheme of a transect
containing the different types of traps and vertical samplings used in
the study: Sherman ground, Tomahawk ground, Sherman understo-
rey, Sherman canopy, and Pitfall

Sampling design

In each of the surveyed areas, we established five to ten lin-
ear transects of 225 m spaced from 500 to 1000 m apart. In
each transect, 15 capture stations were installed, spaced 15
m apart, where live-traps Sherman® (Sh) or Tomahawk®
(Tw) were placed at three different heights of the forest’s
vertical stratum (ground, understorey, and canopy). The live-
traps were baited with a mixture of bacon, banana, corn,
and peanuts. The traps were installed alternately in terms
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of type and positioning along the 15 capture stations, as
follows: (1) a Sherman® (30 X 8 X 9 cm) installed on the
ground and a Sherman® (35 X 10 x 12 cm) installed in the
canopy; (2) a Tomahawk® (40 X 15 X 15 cm) installed on
the ground; and (3) a Sherman® (30 X 8 X 9 cm) installed
in the understorey at 1 to 3 m high (Fig. 1). Canopy traps
were placed on a platform ~10 m high, hoisted by ropes
and pulleys in an adaptation of the technique presented by
Lambert et al. (2005) (Fig. 1). At the end of each transect,
we installed a pitfall composed of four 60-L buckets spaced
at 10 m connected by a guide fence (plastic tarp) 1 m high,
arranged in Y.

In each field campaign, the transects were sampled for
five consecutive days. All traps were inspected daily, and
baits were replaced if necessary. Capture success was cal-
culated as follows: the number of animals captured divided
by the trapping effort (number of traps X number of trapping
nights) multiplied by 100. The captured animals were trans-
ported to a base camp laboratory, where they were properly
anaesthetized and euthanized. The animals were captured
under the authorization of the Brazilian Government’s Chico
Mendes Institute for Biodiversity and Conservation (ICM-
Bio, licence number 13373-1). Captures and animal han-
dling were performed according to the Ethical Committee
on Animal Use of the Oswaldo Cruz Foundation (CEUA
licence number LW-39/2014) and followed the standard pro-
tocols of biosafety of Lemos and D’Andrea (2014). The col-
lected animals were identified through integrated analysis of
external and cranial morphology, cytogenetics (karyotype)
for rodents, and molecular analysis (cytochrome b sequenc-
ing) when necessary (Bonvicino et al. 2005; Gongalves et al.
2014). Specimens were submitted to taxidermy and their
skulls, skins, and tissue were deposited in the mammal col-
lection of the Laboratory of Biology and Parasitology of
Wild Reservoir Mammals at Oswaldo Cruz Institute in the
state of Rio de Janeiro, Brazil.

Data analysis

The studied areas had differences in their structural char-
acteristics, such as the size of the forest fragment and the
type of the surrounding matrix, and in relation to the trap-
ping effort. Because these factors have a great influence
on small mammal sampling (Pardini et al. 2005; Borges-
Matos et al. 2016), data were analysed and discussed for
each locality separately. Moreover, we used individual-
based species extrapolation and rarefaction curves as a
measure of diversity to compare diversity between traps
and strata for each locality. Species-based rarefaction
and extrapolation curves based on individuals are more
appropriate for comparing communities where there are
differences in the sampling effort and in the capture rate
amongst them (Gotelli and Colwell 2001). Rarefaction and
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extrapolation curves were generated to estimate species
richness (total number of species) and diversity based on
Shannon Hill numbers (Jost 2006). This index is consid-
ered the most appropriate for diversity estimates that take
into account the distribution of abundance amongst the
sampled species (Chao et al. 2014; Hsieh et al. 2016).
The Hill number g = 0 considers the number of species
recorded. The Hill number g = 1 weights the estimated
diversity according to the distribution of species abun-
dance, thus representing the number of equally common
species within a community that are required to provide a
specific Shannon diversity index value (Chao et al. 2014).

Rarefaction and extrapolation curves were generated
using 100 bootstrap iterations to obtain an 84% confi-
dence interval (CI; i.e. 1.41 times SE). We consider 84%
CIs more appropriate for comparing curves, as 95% Cls
may be conservative for comparison between groups
(Payton et al. 2003; Camargo et al. 2018). Furthermore,
in simulations, a CI of 84% came closest to a significance
level of 0.05 (MacGregor-Fors and Payton 2013). How-
ever, we considered that our sampled communities have
high diversity, registering the presence of rare species in
the sample, which produces high confidence intervals,
making it difficult to compare amongst groups (Chao
and Jost 2012). For this reason, extrapolations of species
diversity indices estimated in each curve were limited
to twice the abundance of the treatment under analysis
(Colwell et al. 2012).

To evaluate species diversity between methods, we
estimated rarefaction and species extrapolation curves for
pitfalls and live-trap captures and for each strata based on
individuals sampling for each area. Species rarefaction and
extrapolation curves were generated in the R Core Team
4.0.5 software in the iNEXT package (Hsieh et al. 2016).

Posteriorly, the species turnover between the different
types of traps and different vertical strata (beta diversity)
was analysed using permutation analysis of variance (PER-
MANOVA) to test the hypothesis that the different types
of traps act in a complementary way for small mammal
sampling as follows. First, we calculated the Jaccard dis-
tance, which considers only the species composition, and
the Bray-Curtis distance, which considers the abundance of
each species, using Hellinger transformation to reduce the
effect of very abundant species (Borcard et al. 2011). Then,
principal coordinate analyses (PCoAs) and pairwise compar-
isons between the different types of traps and vertical strata
of the Jaccard and Bray-Curtis distances were performed
using PERMANOVA. This analysis allows the comparison
of community dissimilarities between one or more groups by
permutations. Analyses were performed with 10,000 itera-
tions, with the sampling site as a replica. These analyses
were performed using the vegan package (Oksanen et al.
2020) in R Core Team 4.0.5 software.
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Results

The SEC area had a total of 17 species, five of which were
captured exclusively in pitfalls, one exclusively in ground
live-traps, and four exclusively above ground (Table 1;
Fig. 2). The capture success was higher in pitfalls (6.25)
than in ground live-traps (4.7). Caluromys lanatus was cap-
tured exclusively in the canopy. Proechimys gardneri had
high abundance in live-traps on the ground. In this area,
the pitfalls showed greater species richness and diversity
than the live-traps on the ground without overlaps in the
confidence intervals (Fig. 3). However, in relation to the
vertical strata, this difference was not observed, with a great
overlap in the rarefaction and extrapolation curves between
the strata (Fig. 4).

In RFH, 21 species were recorded, four of which were
captured exclusively in pitfalls, four exclusively in live-traps
on the ground, and two exclusively above ground (Table 1;
Fig. 2). No species were captured exclusively in the canopy
(Fig. 2). Marmosa constantiae and Marmosa rutteri stood out
for their high abundance in canopy traps, although they were
also captured in the other two strata. The capture success was
3.9 in pitfalls, 5.3 in ground live-traps, and 4.3 above ground,
with the highest success in Sherman ground. The rarefaction
and extrapolation curves indicated similar species richness
and diversity between pitfalls and live-traps on the ground
for both ¢ = 0 and g = 1 (Fig. 3). However, comparing the
strata, we observed greater species richness and diversity on
the ground in relation to the other two strata. In addition,
the understorey had higher indices than the canopy without
overlaps in the confidence intervals for g = 1 (Fig. 4).

Fifteen species were captured in the FEC, of which three
were captured exclusively in pitfalls, two exclusively in live-
traps on the ground, and seven exclusively above ground,
amongst which two were captured exclusively in the canopy,
which were Mesomys hispidus and Rhipidomys leucodac-
tylus (Table 1; Fig. 2). The capture success was higher in
pitfalls (4.5) than in live-traps on the ground (2.1). The cap-
ture success above ground was 2.5, being 3.2 in the canopy.
Rarefaction and extrapolation curves indicated greater spe-
cies richness and diversity in pitfall traps than in live-traps
on the ground, despite the overlapping confidence intervals
in the g = 0 curve (Fig. 3). Regarding the strata, there was
a great overlap in the rarefaction and extrapolation curves,
both in ¢ =0 and in ¢ = 1 (Fig. 4). In this area, Monodel-
phis glirina showed high abundance in pitfalls, Proechimys
gardneri showed high abundance in live-traps on the ground,
and Marmosa constantiae and Marmosa rutteri had high
abundance above ground (Table 1).

In the FPZ area, the total species richness was six. This
result was similar between pitfall and Sherman ground traps
and had a small variation amongst strata (Table 1). The

highest richness was detected in Tomahawk ground. Con-
sidering ground traps only, live-traps recorded four species
whereas pitfalls recorded two (Table 1). The capture success
was also higher in live-traps on the ground (1.2) than in
pitfalls (0.75). (Table 1). In this area, Marmosa constantiae
was captured exclusively above ground, Monodelphis peru-
viana was captured exclusively in pitfalls, three species were
captured exclusively in live-traps on the ground, and none
was captured exclusively in canopy traps (Table 1; Fig. 2).
Rarefaction and extrapolation curves showed a large overlap
in the confidence intervals between pitfalls and ground live-
traps and amongst strata, either for g = 0 or for g = 1 (Figs. 3
and 4), indicating small differences between techniques and
between strata. This small difference can be attributed to a
greater abundance of Philander canus in live-traps on the
ground, also captured in pitfalls and in the understorey.

In the analysis of turnover in relation to the types of traps
and strata, the PERMANOVA indicated the formation of two
significantly different groups: (a) ground traps (Pitfall, Sher-
man ground and Tomahawk ground) and (b) aboveground
traps (understorey and canopy traps) (Fig. 5). The pairwise
comparisons showed significant differences between groups
for both Jaccard (F = 1.672, R* = 0.31, p = 0.021) and Bray-
Curtis methods (F = 2.275, R?=0.38, p = 0.007), except
for the comparison between Sherman ground and canopy
traps (Table 2).

Discussion

As expected, live-traps and pitfall traps acted in a comple-
mentary way in relation to species composition, supporting
our hypothesis. The beta diversity observed between trap
types and between the vertical strata of the forest (Fig. 5)
showed important differences in species composition in this
study. Considering the traps on the ground, pitfalls registered
a higher number of overall species and of exclusive species
in SEC and FEC, the largest areas. For both species richness
and alpha diversity, the greatest difference found between
the captures in pitfalls and in live-traps on the ground was
in the SEC locality, which is the continuous area, where five
species were captured only in pitfalls. In the FPZ, which is
an urban fragment and the smallest area sampled, differences
in species richness and diversity between trap types were not
observed, which also occurred for the RFH locality, although
the number of exclusive species found in ground live-traps
was higher than that in pitfalls in the FPZ.

In the two localities where differences between pitfall
and live-traps (SEC and FEC) were found, this difference
increased considering the diversity index g = 1 in relation
to the species richness (g = 0), with greater diversity using
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Table 1 (continued)

&

FPZ
SHGRO TWGRO SHUND CAN PIT SHGRO TWGRO SHUND CAN

FEC

PIT SHGRO TWGRO SHUND CAN PIT

RFH

SHGRO TWGRO SHUND CAN

SEC
PIT

Loco-
motion'

Taxa

Springer

1

Terres-

Proe-

trial

chimys
simonsi

14

Terres-

Proe-

trial

chimys
brevi-

cauda

Arbo-

Mesomys
hispidus

real

16
500
32

18 12

40 29 49

56

28

27 11

20

25

Abundance

500
0.2

500

0.4

500
1.6

400 500

500
1.8

500
1.8

400 500

900
54

900 900

4.4

720 900
39 6.2

500 500
11

22

500
54

400 500

Effort (trap nights)

Capture rate

0.8 0.8

45 24

32

14

6.3 4.0

10

13

11

5

Richness

Exclusive species in

area

'Locomotor habit according to Paglia et al. (2012)

pitfalls. Diversity takes into account not only species rich-
ness but also species composition and relative abundance.
Trapping methods differ in their capture efficiencies accord-
ing to species locomotor habit or use of space. Therefore, the
species captured differed amongst trap types or strata, with
species exclusive to each method. Vertical stratification is a
widespread phenomenon in vertebrate community structure
(Basham et al. 2022). Most of the species found are terres-
trial or scansorial (Table 1), following the pattern of small
Amazonian mammals (Ardente et al. 2017; Palmeirim et al.
2020). This information helps to understand how individuals
are distributed and adapt to different environments, because
habitat disturbances can change the vertical use behaviour
in species with greater plasticity in use of space (Delciellos
et al. 2017). Additionally, there were large differences in the
abundances of certain species that were captured in more
than one method, which is reflected in the diversity indices
and was clearer in the most preserved areas. Furthermore,
the placement of live-traps in the upper strata was also a
considerable factor. For example, some species of the genera
Marmosa and Proechimys were very abundant in live-traps
with few captures in pitfalls, whilst for Monodelphis and
Neacomys, the opposite occurred, although they were cap-
tured in both methods.

Studies that evaluated the efficiency of pitfall traps mostly
recommended the use of the technique (Umetsu et al. 2006;
Santos-Filho et al. 2015; Bovendorp et al. 2017; Ardente
et al. 2017; Rodrigues et al. 2020). These traps are highly
recommended for the Amazon, as in our results, pitfalls cap-
ture species that are not captured in live-traps (Santos-Filho
et al. 2015; Ardente et al. 2017).

Another outstanding aspect of our captures with pitfall
traps is the high number of small species captured with this
method, especially of the genera Monodelphis and Neaco-
mys (Table 1). In our study, the average body mass of the
individuals captured in pitfalls was 33.9 g (n = 65), whilst
in Shermans on the ground, it was 104.4 g (n = 84), and in
Tomahawks on the ground, it was 176.7 g (n = 71). This
morphological difference amongst the captured species can
influence studies of the functional ecology of small mam-
mals because body mass is often used as a trait related to
species metabolism (Lovegrove 2005; Bovendorp et al.
2019; Palmeirim et al. 2021). It is also important to high-
light that when using pitfalls, the animals are more exposed
to predation and aggressive interactions than when using
live-traps. Thus, daily inspection, the use of polystyrene
platforms inside the buckets to avoid animal drowning in
case of rain, and the removal of accumulated water from
inside the buckets are essential to avoid accidental deaths
(Barros et al. 2015).

Regarding the vertical strata, only the RFH local-
ity showed differences in captures amongst strata, with
a small difference between understorey and canopy
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Fig.2 Number of exclusive 6
species for each sampling
technique and each stratum

at four sampling sites in the
Acre River basin, state of Acre,
Brazil. FPZ, Floresta do Parque
Zoobotanico, FEC, Fazenda
Experimental Catuaba, RFH,
Reserva Florestal Humaita,
SEC, Seringal Cachoeira, SH,
Sherman, TW, Tomahawk, LT,
live-traps (Sherman + Toma-
hawk)
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captures. These differences were clearer when consider-
ing the diversity index compared with the richness index.
This is because there are large differences in the abun-
dance of small mammals captured between the under-
storey and the canopy strata, which is reflected more in
species diversity than in species richness. In addition,
when analysing the beta diversity between strata, the
PERMANOVA results showed differences between the
ground traps and the upper traps, without a significant
difference between the understorey and canopy. Thus, the
use of canopy traps did not contribute to an increase in
the estimated species richness and diversity in three of the
four localities studied, although FEC and SEC showed,
respectively, two and one exclusive species in the canopy.
Considering these three species amongst the 27 recorded
species in the four localities, only Caluromys lanatus was
exclusively captured in the canopy. This marsupial has
an average body ass of 412 g and generally occupies the
upper strata of the forest (Faria et al. 2019), although
this species and its congener C. philander have already
been captured in live-traps in the understorey and even
on the ground in different areas in the Amazon (Ardente
2012; Santos-Filho et al. 2015; Borges-Matos et al. 2016).
Lambert et al. (2005), in a study in the eastern Amazon,
also found that traps in the canopy did not contribute to
the diversity of small mammal species sampled in relation
to the other strata. These authors argued that the canopy
of the studied sites in the state of Para was not high (10.2
m), considering Amazon standards of canopy heights,
which vary from 26 to 30 m (Alencar 2020). The average
canopy height of our study was similar to that of Lambert
et al. (11.2 m), which may have reduced the segregation
between the two upper strata.

Five species of arboreal mammals, which were not cap-
tured in this study, were expected to occur: the echimid
rodents Dactylomys dactylinus, Isothrix bistriata, and
Makalata macrura and the marsupials Caluromysiops

17
W PITFALL SH GROUND
m TW GROUND B LT GROUND
® SH UNDERSTORY m CANOPY
RFH FEC FPZ

irrupta and Glironia venusta (Patton et al. 2015; Faria et al.
2019). The genera Caluromysiops and Glironia are hardly
captured in live-traps in the Amazon (Ardente et al. 2013;
Barbosa et al. 2016). There is only one record of Glironia
venusta in the canopy in the Carajas National Forest, state
of Para (Ardente 2012). Amongst rodents, D. dactylinus has
never been captured in traps. This species is well known
for its characteristic nocturnal vocalization, mainly in forest
areas with bamboo (Patton et al. 2000, 2015). The two other
rodent species, 1. bistriata and M. macrura, also have few
capture records in live-traps and in pitfall traps (Ardente
et al. 2017; Palmeirim et al. 2019). An important factor to
consider is the possibility of a strong trap shyness in these
arboreal species. Palmeirim et al. (2020) associated captures
of the genera Echimys and Isothryx and even of the sciurid
Guerlinguetus with the increase in the number of days of the
sampling campaign. According to these authors, performing
samplings for more than 8 days can facilitate the capture
of these genera because the aversion of the animals to the
installed traps may decrease over time. Thus, the absence
of these arboreal mammals in our study areas and in other
surveys in the Amazon seems to be more related to intrinsic
characteristics of the species, such as low abundance or trap-
shyness than to the use of traps in the canopy.

Despite the small contribution of canopy traps to the pre-
sent study, individuals of the genus Marmosa were more
collected in the canopy (55) than in the understorey (23).
Marmosa is a very representative genus and one of the most
abundant genera in Amazon surveys (Borges-Matos et al.
2016; Ardente et al. 2017; Palmeirim et al. 2020). This
genus is classified as arboreal (Emmons and Feer 1997;
Paglia et al. 2012), although it is more registered in the
understorey than in the canopy (Lambert et al. 2005) and has
many captures registered on the ground (Santos-Filho et al.
2015). Therefore, despite the high capture rate in canopy
traps, the use of live-traps in understorey is effective for
the detection of genus Marmosa in the Amazon forest. An
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alternative option could be to use traps of different sizes in
the understorey, such as Sherman and Tomahawk, without
the need for the laborious installation of canopy traps.
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We recommend the authors who carry out non-flying
small mammal surveys to separate the results of the captures
amongst strata to provide a deep discussion concerning the
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mulation curves of small mammals with 84% confidence intervals
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use of the vertical space in complex environments such as
the Amazon. Some of the main studies conducted in this
biome did not show their results by strata, even though they
sampled at different heights of the forest (Ardente et al.
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at four sampling sites in the Acre River basin, state of Acre, Brazil.
SEC, Seringal Cachoeira, RFH, Reserva Florestal Humaita, FEC,
Fazenda Experimental Catuaba, FPZ, Floresta do Parque Zoobotanico

2016; Borges-Matos et al. 2016; Palmeirim et al. 2020).
Even in the Atlantic forest, which is much better surveyed
than the Amazon, there is a lack of this kind of informa-
tion for small mammals (Bovendorp et al. 2017). Such
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Fig.5 Spatial variation in small mammal beta diversity at four sam-
pling sites in the Acre River basin, state of Acre, Brazil, amongst dif-
ferent trap types (Pitfall, Sherman ground, and Tomahawk ground)
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on principal coordinate analysis (PCoA) using Jaccard (composi-
tion only) and Bray-Curtis (species composition and abundance)
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distances, respectively, tested by permutational multivariate analysis
of variance (PERMANOVA; p < 0.05). Letters a and b indicate the
categories significantly different in pairwise comparisons. Sh, Sher-
man, Tw, Tomahawk. SEC, Seringal Cachoeira, RFH, Reserva Flo-
restal Humaita, FEC, Fazenda Experimental Catuaba, FPZ, Floresta
do Parque Zoobotanico

Table 2 Results of the
pairwise comparisons of the

permutational analysis of

variance (PERMANOVA)
amongst small mammal
captures by different trap types
and by different vertical strata
at four sampling sites in the
Acre River basin, state of Acre,
Brazil

Pairs Jaccard Bray-Curtis
F model R? P F model R? P

Pitfall X Sh-Ground 0.563 0.086 0.882 0.900 0.130 0.523
Pitfall X Tw-Ground 0.968 0.139 0.522 1.077 0.152 0.403
Sh-Ground X Tw-Ground 0.355 0.056 0.975 —0.069 -0.012 0.966
Sh-Under X Canopy 0.607 0.092 0.641 0.316 0.050 0.849
Pitfall X Sh-Under 2.732 0.313 0.026 3.651 0.378 0.018
Pitfall X Canopy 2.715 0.312 0.030 3.314 0.356 0.030
Sh-Ground X Sh-Under 2.221 0.270 0.048 3.799 0.388 0.036
Sh-Ground X Canopy 2.378 0.284 0.056 3.662 0.379 0.030
Sh-Under X Tw-Ground 2.128 0.262 0.025 3.289 0.354 0.029
Tw-Ground X Canopy 2.558 0.299 0.028 3.746 0.384 0.028

Significant differences (p < 0.05) are in bold

information may facilitate the investigation of how local
characteristics influence the use of vertical space by different
species. In our study sites, there was a predominance of open
bamboo forests, which are characterized by an understorey
obstructed by the dominance of bamboo species (Guadua
sp.) (Silveira 1999; Griscom et al. 2007). This dense under-
storey can favour the capture of arboreal animals (Basham
et al. 2022), as a more obstructed understorey can offer more
resources for individuals to move around. Thus, the traps
placed in the understorey in such forests probably supply
live-traps installed in the canopy.

Live-traps and pitfalls proved to be complementary, and
no method was more efficient than the others in all locali-
ties. The species composition and species diversity observed
in this study were more affected by trap type than the spe-
cies richness observed, which was quite similar between the

@ Springer

two methods, showing higher estimates for pitfalls in two
amongst the four localities. The use of traps in the upper
strata (canopy and understorey) also proved to be a com-
plementary method because it allows the capture of spe-
cies that are not very abundant on the ground or that are
exclusively arboreal. Significant differences between strata
were observed only in one of the localities (RFH), where
we registered a lower diversity in the canopy than in the
understorey, which, in turn, we registered a lower diversity
than on the ground. The diversity and species composition
registered in our study were also more affected than richness
when comparing the strata, mainly between the ground and
the upper strata, without a significant difference between
the understorey and the canopy. Therefore, we recommend
researchers to use live-traps on the ground and in the under-
storey in small mammal surveys in the Amazon region,
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because canopy traps have shown a lower cost-benefit ratio
when compared to understorey traps. Furthermore, the use
of pitfalls should always be considered as some species are
not captured in live-traps.
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