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Abstract
KoS$8a, J., BALAZ, L., TuLs, F., GAIDOS, P., AMBROS, M., 2025. Non-target small mammal communities in
invertebrate pitfall traps: effects of season, habitat, and elevation. Folia Oecologica, 52 (2): 219-229.

Despite considerable endeavours of scientists to avoid it, non-target species are frequently trapped for eco-
logical and conservation research. Nevertheless, these data can provide valuable insights into how ecosys-
tems function. Small mammals not targeted for epigeic fauna research were caught in pitfall traps over 20
years. At 186 sites between 2003 and 2023, 1,091 specimens of 21 species of insectivores and small rodents
(Eulipotyphla, Rodentia) were caught in such traps. Our results show: (i) abundance of small mammals is
affected by season, habitat, and elevation level; (ii) species richness of small mammals is affected by habitat
and elevation levels and not by season. The efficiency of pitfall traps was compared with snap traps and live
traps for sampling small mammals, where the results suggested significant differences in species richness
only between pitfall and snap traps. The assemblage of small mammals found in pitfall traps was completely
separated from that in live and snap traps. Capturing small mammals in pitfall traps is suitable for determin-

ing species richness for faunistic research in specific territories.
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Introduction

To a great degree, edaphic and epigeic macrofauna are
captured for research using pitfall traps (Gaipos, 1986)
and two basic types exist. Dry pitfall traps contain bait
to lure the animals while wet pitfall traps are filled with
a formaldehyde solution to preserve the captured mate-
rial (MoSANSKY et al., 2000). Amphibians, reptiles, and
also small mammals are the non-target species for such
research (AMBROS, 1998; AmBROS and GAJDOS, 1988;
CaNADY and Mock, 2009; COGGER, 2014; MOSANSKY
and STANKO, 2001; MENKHORST and KNIGHT, 2011). Even
though the data on small animals obtained from pitfall
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traps can be employed for faunistic assessment of a se-
lected area (AMBROS, 1998), researchers are abandoning
them because these traps have accidentally caught spe-
cies deemed critical in conservation ecology (PELIKAN et
al., 1977). The species are used for diversity inventories
of small mammals, or information on species diversity
and relative abundance of this fauna (KaLko and HAND-
LEY, 1993; ANIMAL RESEARCH REVIEW PANEL, 2020; HEL-
DER-JOSE et al., 2019).

Snap, pitfall, and live traps are the different types
mostly used to describe assemblages of small mammals
(SHEFTEL, 2018). While snap traps used to be common
(ANDERA AND HORACEK, 2005), they are mainly used to-
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day in epidemiological or virological research (CSANADY
et al., 2022). Live traps now constitute a normal way of re-
searching small mammals (STANKO, 2014; JACKSON, 1987;
SikEes and GANNON, 2011; PowELL and ProuLx, 2003) and
have led to the development of a range of research meth-
ods differing in both design and process (KREBS, 1999).
Pitfall traps have been applied to analyse the composition
of small mammal communities ordinarily found in the
Carpathian Mountains of Europe (DupicH and STOLL-
MANN, 1985; DubpicH et al., 1987, AMBROS and GAIDOS,
1988; AmBROS, 1998) and the Neotropical realm (Figue-
iredo et al., 2021; GAREY et al., 2023), seasonal trends in
small-mammal movements (BRIESE and SMITH, 1974), or
to evaluate farming practice and their impact on the spatial
structure of small mammals (LANGRAF et al., 2022).
Numerous studies have already been devoted to com-
paring the effectiveness of different trapping methods and
types of traps. Some authors recommend combining snap
and pitfall traps to capture the overall community of small
terrestrial mammals because they give different results
(KaLko and HANDLEY, 1993; Nicoras and CoLyN, 2006).
Overall, trapping methods can strongly influence the sam-
pling of mammal communities (SanTOs-FILHO et al.,
2006). STANKO (2014) points out that any of these methods
will yield different results and a variable quantitative and
qualitative picture of how small mammal assemblages are
structured. Pitfall traps had greater success in determining
species richness, where their efficiency and that of Sher-
man traps diverged among the habitats where they were
set due to differences in species composition (VIEIRA et
al., 2014). From a comparison of snap and pitfall traps by
STANKO et al. (1999), they concluded that snap traps were
more effective. Nevertheless, they argued that, in general,
pitfall traps would provide a more complete picture of small
mammal communities. Variations were even found among
the different types of live traps used to capture the animals.

Irrespective of the trapping method used, the results
primarily reflect environmental conditions like the habitat
in which the traps are exposed. This is because the dis-
tribution of individual species varies with changing habi-
tats. Forests and ecotones are richer in both the abundance
and species richness of small mammals (MULUNGU et al.,
2008). Elevation and associated changes in elevational
diversity gradients in lowland, colline, submontane, mon-
tane, supramontane, and subalpine regions play a major
role in the distribution of small mammals. Small terrestrial
mammal communities change as altitude increases. There
are changes in species composition — qualitative remodel-
ling — and in the overall abundance of individuals in the
population — quantitative change, alongside the dominance
of individual species in the community. BALAZ and JAKAB
(2010) confirmed the mid-domain effect in Slovakia from
their recording of the highest species richness of small ter-
restrial mammals in middle elevations of 500-700 metres
above sea level.

This paper seeks (i) to assess the community compo-
sition of small mammals (as non-target species in edaphic
and epigeic fauna research) based on pitfall traps; (ii) to
analyse the influence of habitat, elevation, and season on
community composition; and (iii) to compare trap success
rates based on small mammal abundance and species rich-
ness.

Materials and methods
Study area

Small mammals were captured at 186 sites, in 25 geomor-
phic units (Fig. 1). Localities were scattered throughout
Slovakia ranging from the lowlands of the Pannonian Plain
to river valleys and the base of mountains in the Carpathian

@ Carpathian Mountains
@ Pannonian Basin
Positive geomorphological units

Fig. 1. Sites where small mammals were caught in pitfall traps (1. Borska nizina — 1, 2. Bukovské vrchy — 8, 3. Burda — 1, 4.
Hornonitrianska kotlina — 1, 5. Rimavska kotlina — 3, 6. Laborecka vrchovina — 1, 7. Malé Karpaty — 19, 8. Nizke Tatry — 3,
9. Ondavska vrchovina — 1, 10. Ipel'ska pahorkatina — 4, 11. Podbeskydska brazda — 1, 12. Podbeskydska vrchovina — 1, 13.
Oravska kotlina — 2, 14. Podunajska rovina — 41, 15. Pohronsky Inovec — 6, 16. Popradska kotlina — 2, 17. Starohorské vrchy —
1, 18. Strazovské vrchy — 2, 19. Liptovska kotlina — 3, 20. Zapadné Tatry — 4, 21. Tribe¢ — 2, 22. Beskydské predhorie — 1, 23.
Zilinska kotlina — 5, 24. Trnavské pahorkatina — 9, 25. Hronské pahorkatina — 21).
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range. The essential characteristics of the natural conditions
found in Slovakia are presented by BALAZ et al. (2021).

Sampling method

Small mammals were captured in wet pitfall traps
(with seven-decilitre plastic cups) whose metal cover
was placed at a height of about 1-2 centimetres above
the opening. The traps were exposed at selected sites
throughout the year, with 41 sets of pitfall traps exposed
in spring, 77 in summer, 43 in autumn, and 25 in winter.
Three lines were chosen at each site, and five traps were
buried at each line for a total of 15 traps per site. Individ-
ual traps were placed in lines approximately two metres
apart. At each site, the three lines of pitfall traps were
installed using a consistent spatial layout across all sites.

The fixation fluid was composed of a 4% formal-
dehyde solution and, in winter, a combination of either
kitchen salt or ethylene glycol antifreeze. The traps were
checked once a month. The captured specimens were pre-
served in 75% petroleum alcohol at a laboratory and pre-
pared for processing.

Environmental factors

The pitfall traps were installed at sites located at the fol-
lowing hypsometric classifications: P — planar (86 sites be-
low 200 m), K — colline (36 locations from 200 to 400 m),
SM — submontane (23 sites from 400 to 600 m), M — mon-
tane (22 locations from 600 to 900 m), O — supra-montane
(14 sites from 900 tol 200 m), and SA — subalpine (5 sites
from 1,200 m to the upper tree limit) (FUTAK, 1972).

Sites for trapping small mammals were located at
these biotopes taken from the Habitat Catalogue (STANOVA

and VALACHOVIC, 2002): anthropogenic habitats, deco-
rative gardens, orchards, dump sites, ecotones, forests,
natural grasslands, pastures, riparian vegetation, ruderal
habitats, salt marshes, sands, vineyards, and xerothermic
habitats.

To assess seasonality among small mammals, the data
was divided into four seasons: 41 sites were set in spring
from March to May, 77 sites were set in summer from June
to August, 43 sites were set in autumn from September to
November, and 25 sites were set from December to Febru-
ary of the following year.

Method comparison

The capture efficiency of pitfall, snap, and live traps was
compared based on abundance, species richness, and the
similarity of small mammals. Seven sites were selected for
trapping small mammals simultaneously with all three trap
types. After standardising the data to unify catch per unit
effort from all three trap types, PAST was used to visualise
comparisons of trap success rates.

Statistical analysis

Species dominance was assessed according to TISCHLER
(1949) as follows: eudominant (D > 10%) dominant (D =
5-10%) subdominant (D = 2-5%) recedent (D = 1-2%)
subrecedent (D < 1%).

Variations in species abundance and diversity across
various seasons, habitats, and elevation gradients were
assessed using the Kruskal-Wallis test and subsequent
Dunn’s non-parametric post-hoc analyses with Bonferroni
corrected p-value. Moreover, the Kruskal-Wallis test was
utilised to examine any distinctions found in abundance

Table 1. Overview by season of small mammals captured in pitfall traps

Species Spring Summer Autumn Winter Total
n % n % n % n % n %

A. agrarius 7 3.78 9 2.03 13 3.76 15 12.82 44 4.03
A. flavicollis 2 1.08 5 1.13 3 0.87 2 1.71 12 1.10
A. sylvaticus 9 4.86 6 1.35 8 2.31 6 5.13 29 2.66
A. uralensis 4 2.16 12 2.71 12 3.47 8 6.84 36 3.30
M. minutus 6 3.24 7 1.58 8 2.31 6 5.13 27 247
M. spicilegus 1 0.54 6 1.35 5 1.45 26 22.22 38 3.48
A. amphibius - - 2 0.45 - - - - 2 0.18
C. glareolus 12 6.49 18 4.06 5 1.45 3 2.56 38 3.48
M. agrestis 8 432 7 1.58 3 0.87 - - 18 1.65
M. arvalis 74 40.00 164  37.02 126 36.42 34 29.06 398 36.48
M. subterraneus - - 4 0.90 2 0.58 - - 6 0.55
Ch. nivalis - - - - 1 0.29 - - 1 0.09
S. betulina 3 1.62 4 0.90 3 0.87 - - 10 0.92
T europaea 1 0.54 - - - - - - 1 0.09
S. araneus 18 9.73 62 14.00 45 13.01 4 3.42 129 11.82
S. minutus 28 15.14 87 19.64 83 2399 2 1.71 200 18.33
S. alpinus - - 1 0.23 2 0.58 - - 3 0.27
N. milleri 2 1.08 5 1.13 5 1.45 - - 12 1.10
N. fodiens 1 0.54 3 0.68 2 0.58 - - 6 0.55
C. leucodon 7 3.78 18 4.06 6 1.73 8 6.84 39 3.57
C. suaveolens 2 1.08 23 5.19 14 4.05 3 2.56 42 3.85
Total 185 100 443 100 346 100 117 100 1,091 100
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and species richness among the three different trap types.
Permutational multivariate analysis of the variance using
distance matrices (PERMANOVA) based on binary Jac-
card similarity index was used to compare assemblage
similarity in the three different trapping methods. All anal-
ysis were performed in PAST 4.08 (HAMMER, 1999-2021).

Results

Between 2003 and 2023, 1,114 specimens were caught in
pitfall traps intended for the capture of edaphic and epigeic
fauna, of which 23 were lizards (Lacerta sp.) and 1,091
specimens came from 21 species of insectivores and small
rodents (Eulipotyphla, Rodentia), all of which had not
been targeted (Table 1): mice — striped field mouse Apode-
mus agrarius (Pallas, 1771), yellow-necked mouse Apode-
mus flavicollis (Melchior, 1834), wood mouse Apodemus
sylvaticus (Linnaeus, 1758), pygmy field mouse Apode-
mus uralensis (Pallas, 1811), harvest mouse Micromys
minutus (Pallas, 1771), eastern house mouse Mus spici-
legus Petényi, 1882, voles — water vole Arvicola amphib-
ius (Linnaeus, 1758), bank vole Clethrionomys glareolus
(Schreber, 1780), field vole Microtus agrestis (Linnacus,
1761), common vole Microtus arvalis (Pallas, 1778),
common pine vole Microtus subterraneus (de Selys-Long-
champs, 1836), snow vole Chionomys nivalis (Martins,
1842), shrews — common shrew Sorex araneus Linnacus,
1758, pygmy shrew Sorex minutus Linnaeus, 1766, alpine
shrew Sorex alpinus Schinz, 1837, Miller’s water shrew
Neomys milleri Motaz, 1907, water shrew Neomys fodiens
(Pennant, 1771), bi-coloured white-toothed shrew Cro-
cidura leucodon (Hermann, 1780), lesser white-toothed
shrew Crocidura suaveolens (Pallas, 1811), other species
— northern birch mouse Sicista betulina (Pallas, 1779),
common mole Talpa europaea Linnacus, 1758. Common

Mean; Whisker: Mean+SE
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voles, pygmy shrews, and common shrews were among
the highly eudominant species captured. Subrecedent spe-
cies caught in the traps were the snow vole, common mole,
water vole, alpine shrew, and water shrew (Table 1).

When determining group dominance, pitfall traps
were found to have mostly captured more shrews (39.5%)
and voles (42.5%) than mice.

Season and abundance have a significant effect on all
small mammals (H, = 12.24, p = 0.007) as well as for in-
dividual families of small mammals (Soricidae — shrews:
H, =29.26, p < 0.001, Muridae — mice: Hc = 19.18, p <
0.001, Cricetidae — voles: Hc = 18.8, p < 0.001). The over-
all abundance of small mammals increased from spring to
summer and then gradually declined until the winter peri-
od. The abundance of shrews (Soricidae) showed a simi-
lar trend, with peak numbers recorded in summer. For the
Muridae family, we observed a steadily increasing trend
in abundance across the seasons (from spring to winter),
while the Cricetidae family exhibited the opposite pattern.
We recorded the highest abundance of small mammals
in pitfall traps during the summer (Fig. 2, Table 1). Post
hoc tests show winter’s significant effect on all analysed
groups (Fig. 2). Seasons were found to have no effect on
the species richness of small mammals (H, = 7.505, p =
0.057).

The distribution and abundance of individual species
varied between elevations (Fig. 3), where common voles,
pygmy shrews, and striped field mice were most numerous
at planar elevations and common voles, pygmy shrews, and
common shrews similarly dominated in colline elevations.
The most numerous species in submontane elevations were
pygmy shrews, common shrews, and common voles, with
common voles, pygmy shrews, and northern birch mice
being the species most found in montane elevations. Com-
mon shrews, pygmy shrews, and common voles likewise
dominated at subalpine elevations. The Kruskal-Wallis test

7 all small mammals (L)
[ mice(L)

[]voles(L)

[]shrews(L)
[]richness(R)

—F—
Species richness

i balll,

spring summer

autumn winter

Season

Fig. 2. Seasonal dynamics of small mammal abundance and species richness based on pitfall trap data. Mean abundances of all
small mammals, mice, voles, and shrews are shown on the left y-axis (L). Mean species richness is shown on the right y-axis (R).
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Fig. 3. Changes in species distribution and abundance along the elevational gradient.
Table 2. Overview by habitat of small mammals caught in pitfall traps
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A. agrarius 3 1 - 2 6 10 5 - 4 - 2 3 8 - 44
A. flavicollis 3 - - - 2 4 - 2 - - 1 - - - 12
A. sylvaticus 3 1 - 3 1 5 2 - 2 - 1 6 5 - 29
A. uralensis 3 3 - - 5 2 2 1 - 1 3 12 4 - 36
M. minutus 1 2 1 3 3 4 - 1 1 3 1 2 1 27
M. spicilegus 1 - - 21 - 3 1 2 1 2 4 3 - 38
A. amphibius - - - - 1 - - - 1 - - - - - 2
C. glareolus 13 - - - 5 10 1 1 5 - 1 1 1 - 38
M. agrestis 1 1 - - 7 6 - 3 - - - - - - 18
M. arvalis 25 21 - 16 35 19 39 7 17 26 43 72 41 27 388
M. subterraneus - 1 - - 3 1 - - - - - - 1 - 6
Ch. nivalis - - - - - - - - 1 - - - - - 1
S. betulina - - - - 3 4 - 3 - - - - - - 10
T. europaea - - - - 1 - - - - - - - - - 1
S. araneus 9 4 3 1 30 29 20 13 16 - 9 3 - 2 139
S. minutus 17 13 7 - 38 45 28 14 12 - 13 5 6 2 200
S. alpinus - - - - - - 3 - - - - - - - 3
N. milleri 1 - - - 4 2 - 2 3 - - - - - 12
N. fodiens - - - - 3 3 - - - - - - - - 6
C. leucodon 2 - - 7 3 3 4 - - - 7 5 6 2 39
C. suaveolens 9 - - - 3 4 6 - 4 3 2 - 11 - 42
> 91 47 11 54 153 153 115 46 68 32 87 112 88 34 1,091
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Fig. 4. Abundance and species richness values for small mammals in individual habitats.
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Fig. 5. Percentage of small mammal species captured by three different types of traps at the seven common locations.

detected a significant difference in species richness be-
tween different elevations (H_= 23.89, p < 0.001). Post-
hoc testing showed significant differences between the
following elevation pairs (Fig. 3): planar and colline (p
<0.001), planar and submontane (p = 0.016), planar and
montane (p <0.001), and colline and supramontane (p =
0.012).

The abundance of small mammals captured in pitfall
traps fell as elevation increased. Species richness reached
its maximum (17 species) in colline elevations and was
lowest (5 species) in montane and subalpine elevations.
At lowland and submontane elevations, 15 species were
found.

The habitats recording the highest species richness
(Table 2) of small mammals were ecotones (18) and
forests (17), while the greatest abundance was found in
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ruderal habitats (10.7) and salt marshes (7.25). The low-
est species richness values were obtained in ruderal and
xerothermic habitats (5), and the lowest abundance val-
ues were documented at dump sites (3.2) and in pastures
(4.2). The common vole and pygmy shrew were the most
abundant species found in anthropogenic habitats and
decorative gardens, while in orchards it was the pyg-
my shrew, at dump sites the pygmy shrew and common
vole, in ecotones the pygmy shrew and common vole, in
forests and pastures the pygmy and common shrews, in
natural grasslands and salt marshes the common vole and
pygmy shrew, in riparian vegetation the common vole
and common shrew, in ruderal and xerothermic habitats
the common vole, in sands the common vole and pygmy
field mouse, and in vineyards the common vole and lesser
white-toothed shrew (Fig. 4).
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Comparison of the three trap types

At the seven common sites, all from Podunajska nizi-
na lowland, a total of 2,644 specimens from 16 differ-
ent small mammal species were captured by snap traps,
37 specimens from nine different small mammal species
were caught by pitfall traps, and 2,038 specimens from 15
different species were found in live traps (Fig. 5). Simi-
larity in small mammal assemblages varied demonstrably
depending on the traps used (Permanova p = 0.0212, Fig.
6 and 7). The highest species diversity values were ob-
tained from snap traps, while similar values were obtained
from pitfall and live traps. Different values were derived
from an analysis of abundance values, where the highest
recorded values came from live traps and the lowest from
pitfall traps.

The small mammal assemblage derived from pitfall
traps was completely distinct, while similar assemblages
came from live and snap traps (Fig. 8).

Discussion

When opting for pitfall traps, the capture of non-target
species, including small mammals, cannot be ruled out
even if the trap has a metal cover or smaller traps are used.
PEARCE et al. (2005) have determined the trap type that
would reduce incidental catches of vertebrates without
compromising the capture of invertebrates, while THOMP-
SON (2008) discussed vertebrate by-catch in invertebrate
wet pitfall traps.

Pitfall traps are characterised by a significantly high-
er number of insectivores caught in them than rodents
(PANKAKOSKI, 1979; DupICH and STOLLMANN, 1985; AM-
BROS and GAJDOS, 1988; AMBROS, 1998; STEPHENS and
ANDERSON, 2014; MoSANSKY et al., 2000). A low abun-
dance of murids in the genus Apodemus was observed in
pitfall traps because they are very active, leap high, and
can easily escape from the traps. DupicH et al. (1987) rec-
ommend larger-volume pitfall traps, while STEPHENS and
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ANDERSON (2014) also state that pitfall traps were more
effective at capturing shrews and voles. A high proportion
of both were also recorded by us and the common vole was
the most abundant species caught in our pitfall traps.

Santos-FILHO et al. (2006) noted no statistically sig-
nificant difference from the higher number of captures
during the rainy season of December, January, and Febru-
ary compared to the dry season of June, July, and August.
The slightly higher numbers reported during the dry sea-
son by traps of other types, such as snap, Tomahawk, and
Sherman traps, were likewise not statistically significant.
These figures suggest that, even though seasonal changes
may affect the activity or availability of certain species,
these changes would not have a drastic impact on the ef-
fectiveness of particular trap types. HICE and SCHMIDLY’S
(2002) study of the Amazon rainforest noted a significant
seasonal variance in capture success with a rate of 0.14%
during the dry season as opposed to 4.55% during the
rainy season. CARMIGNOTTO et al. (2014) recorded higher
species richness during the rainy season (19 species) than
during the dry season (12 species), indicating a seasonal
influence on diversity and higher values during the rainy
season on the Shannon diversity index (D = 12.68) and
Pielou’s evenness index (J = 0.86) compared to the dry
season (D =3.16, ] = 0.46).

Species composition and diversity varied among dif-
ferent habitats, with gallery forests and dense savannahs
providing the environment for the highest diversity, while
lower species diversity values were obtained from flooded
habitats and dry grasslands. The data indicated seasonal
trends in species activity, such as the peak densities of Per-
omyscus polionotus and Reithrodontomys humulis in Janu-
ary, with the former showing a delayed peak of activity in
December before settling in the available habitat. The anal-
ysis suggested that the density of species like Sigmodon
hispidus and Peromyscus gossypinus was highest in Janu-
ary, with changes in habitat influencing their movements.
Microtus pinetorum showed uniform movement with no
seasonal trends, while Mus musculus had peak densities in
January, followed by a sharp decline. Seasonal trends were
also observed for shrews, with activity peaking in spring
and autumn for Blarina brevicauda and Cryptotis parva,
while Sorex longirostris had its peak in June (BRIESE and
SmiTH, 1974). For rodents, pitfalls were more effective in
the wet season, while Sherman traps were more effective
in the dry season (BriTo and FERNANDEZ, 2014).

The study revealed distinct patterns of species distri-
bution across different habitats. Both flooded and unflood-
ed gallery forests hosted a relatively lower number of spe-
cies than open dry formations, which supported a broader
range of species. Flooded grasslands stood out as the least
diverse habitat; with a unique set of species the others did
not exhibit. A significant portion of the species was either
restricted to forests or open formations, with only a few
species occurring across both habitats, suggesting a strong
habitat preference and the formation of distinct ecological
groups within the study area (CARMIGNOTTO et al., 2014).
Peromyscus polionotus showed a preference for roadsides,
while R. humulis favoured pine plantations and ecotones
(BRIESE and SmiTH, 1974).

Pitfall traps were the most efficient in agroforestry
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corridors and pastures, while Sherman traps were more
efficient than pitfall traps (BRITO AND FERNANDEZ, 2014).
Nonetheless, there is evidence of pitfall traps being more
effective (PELIKAN et al., 1977; PUCEK et al., 1993). Their
efficacy may also vary depending on the time of year
(Pucek, 1969; MENGAK and GUYNN, 1987). PANKAKOS-
KI (1979) examined the effectiveness of three other trap
types and stated that cone traps are more effective than
live or snap traps for catching small mammals, particular-
ly shrews, as is commonly known. CACERES et al. (2010)
and VIEIRA et al. (2014) compared pitfall, Sherman, and
wire traps), recording the greatest success from pitfall
traps. D1zNEY et al. (2008) compared the efficacy of pitfall,
Sherman, and mesh traps, finding pitfall traps to be the
most effective. Longworth traps captured a significantly
greater abundance of vagrant shrews than pitfall traps on
agricultural set-asides (UMETsU et al. 2006, STROMGREN
and SuLLIVAN, 2014). SaNTOS-FILHO et al. (2006) sam-
pled Tomahawk, Sherman, snap, and pitfall traps for ef-
ficiency and found Sherman traps to have captured a sig-
nificantly greater abundance of specimens and from them
documented higher species richness than the other traps.
Pitfall traps captured four times more specimens during
the wet season than during the dry season. According to
CEPELKA et al. (2019), pitfall traps were more effective
in capturing smaller species with a predominance toward
shrews, which consume animal food. Snap traps captured
the broader species spectrum and were more successful
in catching larger species of small terrestrial mammals,
specifically mice and particularly voles, both of which
consume a higher proportion of plant food. BOVENDORP
et al. (2017) recorded a higher overall diversity of small
mammal species caught by pitfall traps than live traps
and these two methods may be capturing different species
(SanTos-FILHO et al., 2015; ARDENTE et al., 2017). When
compared to live traps, pitfall traps are less influenced by
factors such as food availability (ADLER and LAMBERT,
1997; RIBEIRO-JUNIOR et al., 2011), species-specific bait
preferences (LAURANCE, 1992), bait consumption by oth-
er animals (McCLEARN et al., 1994), and the propensity
to capture only adult specimens (BooNSsTRA and KREBs,
1978). STEPHENS and ANDERSON (2014), CEPELKA et al.
(2019), and PALMEIRIM et al. (2018) recommend that live
and pitfall traps (and also pitfall and snap traps) be used
in tandem with each other when assessing species rich-
ness and diversity. PALMEIRIM et al. (2018) state that live
and pitfall traps enable the capture of a variety of small
mammal species. Each method has its strengths and
weaknesses, and each has caught some individual species
the other has not.

In conclusion, there was a high probability of shrews
and voles to be found in pitfall traps, with common voles
being the most numerous species caught. Analysis of ob-
tained results confirms the advantage of pitfall traps as an
appropriate method of capturing small mammals for base-
line faunistic studies of selected areas. In comparing how
effectively different types of traps captured small mam-
mals in terms of species richness, demonstrable differences
were found only between snap and pitfall traps. Differenc-
es between snap and live traps, as well as between pitfall
and live traps, were not statistically significant. Each type



of trap was more suitable for monitoring a different group
of small terrestrial mammals. At least two types of traps
are needed (snap and pitfall traps are the best combination)
to cover the small mammal species spectrum to the max-
imum extent possible. Our results likewise show species
richness to vary at different elevations. The most signif-
icant differences were found between planar and higher
elevations (colline, submontane, and montane), suggest-
ing that elevation has an effect on species distribution in
the study area. The highest species richness was found in
colline elevations, with values decreasing progressively at
higher hypsographic classifications. The highest species
richness of small mammals was observed in ecotones and
forest habitats, while the highest abundance was docu-
mented in ruderal habitats and salt marshes. The lowest
species richness values were recorded in ruderal and xe-
rothermic habitats and the lowest abundance values were
obtained at dump sites and in pastures.

Acknowledgements

The research was conducted and results were processed
in the context of VEGA project No. 1/0080/23 and VEGA
No. 2/0107/25.

References

ADLER, G.H., LAMBERT, T.D., 1997. Ecological correlates of
trap response of a neotropical forest rodent Proechimys
semispinosus. Journal of Tropical Ecology, 13 (1): 59—68.
https://doi.org/10.1017/S0266467400010257

AMBROS, M., 1998. Drobné cicavce (Insectivora, Rodentia) v
zemnych pasciach vybranych stanovist Bystri¢ianske;j
doliny vo Vtaéniku [Small mammals (Insectivora, Ro-
dentia) in pitfall traps at selected sites of the Bystri¢ianska
Valley in the Vta¢nik Mountains]. Rosalia (Nitra), 13:
235-240. (In Slovak).

AMBROS, M., GAIDOS, P., 1988. Vyskyt niektorych stavovcov
v zemnych pasciach (Amphibia, Reptilia, Mammalia) vo
vzorkach ziskanych zemnymi pascami na uzemi Chrane-
nej krajinnej oblasti Ponitrie [Occurrence of selected ver-
tebrates in pitfall traps (Amphibia, Reptilia, Mammalia)
from the Ponitrie Protected Landscape Area]. Rosalia
(Nitra), 5: 177-188. (In Slovak).

ANDERA, M., HORACEK, 1., 2005: Pozndvime naSe savce
[Getting to know our mammals]. Praha: Sobotales. 327 p.
(In Czech).

ANIMAL RESEARCH REVIEW PANEL, 2020. Guideline 6: Use of
pitfall traps. NSW Department of Primary Industries.
[cit.2025-01-18]. https://www.dpi.nsw.gov.au/dpi/animals/
animal-ethics-infolink/arrp-policies,-guidelines-and-
factsheets/wildlife-research/pitfall-traps

ARDENTE, N.C., FERREGUETTI, A.C., GETTINGER, D., LEAL, P.,
MARTINS-HATANO, F., BERGALLO, H.G., 2017. Diferengas
na eficiéncia entre dois métodos de amostragem para
capturar pequenos mamiferos ndo-voadores em uma area
na Amazodnia oriental [Differential efficiency of two sam-
pling methods in capturing non-volant small mammals in
an area in eastern Amazonia]. Acta Amazonica, 47 (2):
123-132. https://doi.org/10.1590/1809-4392201602132.
(In Spanish).

BALAZ, 1., JakAB, L., 2010. Vplyv nadmorskej vysky na diver-
zitu drobnych cicavcov v podmienkach Slovenska [The
effect of altitude on small mammal diversity in Slovakia].
Zivotné Prostredie, 44 (6): 329-333. (In Slovak).

BaLAz, 1., SEVCIK, M., TULs, F., ZIGovA, M., DubicH, A., 2021.
Diversity, distribution and changes in communities of
fleas on small mammals along the elevational gradient
from the Pannonian Plain to the Carpathian Mountains.
Parasitology, 148 (1): 63-73. DOI: 10.1017/S003118
2021000081

BoonsTra, R., KrEBS, C.J., 1978. Pitfall trapping of Microtus
townsendii. Journal of Mammalogy, 59 (1): 136-148.

BoveEnDORP, R.S., MCcCLEERY, R.A., GALETTI, M., 2017. Opti-
mising sampling methods for small mammal communi-
ties in Neotropical rainforests. Mammal Review, 47: 148—
158. https://doi.org/10.1111/mam.12088

BrIesg, L.A., SmitH, M.H., 1974. Seasonal abundance and
movement of nine species of small mammals. Journal
of Mammalogy, 55 (3): 615-629. https://doi.org/10.2307/
1379550

Brito, D., FERNANDEZ, F.A.S., 2014. Eficiéncia da captura de
pequenos mamiferos em uma paisagem fragmentada de
Mata Atlantica: efeitos do tipo e posi¢ao das armadilhas,
estacdo do ano e habitat [Efficiency of small mammal
trapping in an Atlantic Forest fragmented landscape: the
effects of trap type and position, seasonality and habitat].
Brazilian Journal of Biology, 74 (3): 518-524. https://
doi.org/10.1590/bjb.2014.0075. (In Spanish).

CACERES, N.C., NApPoLI, R.P., HANNIBAL, W., 2010. Differen-
tial trapping success for small mammals using pitfall and
standard cage traps in a woodland savannah region of
southwestern Brazil. Mammalia, 75 (1): 45-52. DOI:
10.1515/mamm.2010.069

CARMIGNOTTO, A.P., BEZERRA, A.M.R., RoDRIGUES, F.H.G.,
2014. Nonvolant small mammals from a southwestern
area of Brazilian Cerrado: diversity, habitat use, seasonality,
and biogeography. Therya, 5 (2): 535-558. DOI: 10.12933/
therya-14-197.

COGGER, H., 2014. Reptiles and amphibians of Australia, 7"
ed. Collingwood. CSIRO Publishing. 1036 p.

CSANADY, A., KrR1SOVSKY, P., FEDORCAK, J., 2022. Prirucka k
metodam terénneho vyskumu stavovcov [Handbook for
field methods in vertebrate research]. Presovska univer-
zita v PresSove. 223 p. (In Slovak).

CANADY, A., MOCK, A., 2009. Drobné cicavce (Eulipotyphla,
Rodentia) ako neciel'ové Zivocichy v zemnych pasciach
na podne ¢lankonoZce na pokalamitnych lokalitdich vo
vysokych Tatrach [Small mammals (Eulipotyphla, Roden-
tia) as non-target species in pitfall traps for soil arthro-
pods at post-disturbance sites in the High Tatras]. In Na-
tura Carpatica : zbornik Vychodoslovenského miizea
v KoSiciach : prirodné vedy L. Kosice : Vychodoslovenské
muzeum, p. 165-170. (In Slovak).

CEPELKA, L., MicHALKO, R., KuLa, E., 2019. Efficiency of
pitfall traps and snap traps in small terrestrial mammals
depends on their diet composition. Turkish Journal of
Zoology, 43 (3): 6. DOI: 10.3906/z00-1810-4

DiznEy, L., Jongs, P.D., Ruepas, L.A., 2008. Efficacy of
three types of live traps used for surveying small mam-
mals in the Pacific Northwest. Northwestern Naturalist,
89: 171-180. DOI: 10.1898/NWNO08-18.1

DubicH, A., KLEINERT, J., STOLLMANN, A., 1987. Vyskyt
drobnych cicavcov vo vzorkach ziskanych zemnymi la-
pakmi [Occurrence of small mammals in samples obtained

227



from pitfall traps]. Lynx (Praha), 23: 43-50. (In Slovak).

DUDICH, A., STOLLMANN, A., 1985. Zemné lapéky a ich ucin-
nost’ z hl'adiska vyskumu fauny terrestrickych mikro-
mammalii [Pitfall traps and their effectiveness for re-
search of terrestrial micromammal fauna]. Biologia
(Bratislava), 40: 1049-1054. (In Slovak).

FIGUEIREDO, V.V., DA CUNHA, N.L., DE MORAIS, A.R., TERRI-
BILE, L.C., HANNIBAL, W., 2021. The importance of sam-
pling methods and landscape variation on explaining
small mammal communities in a Neotropical ecotone
region. Mammal Research, 66: 301-312. https://doi.org/
10.1007/s13364-021-00558-7

Futik, J., 1972. Fytogeograficky prehl'ad Slovenska [Phyto-
geographical overview of Slovakia]. In LUukniS, M. (ed.).
Slovensko 2: Priroda. Bratislava: Obzor, p. 431-482. (In
Slovak).

GaIDOS, P, 1986: Paviky (Aranae) vybranych lokalit pohoria
Tribe¢ [Spiders (Aranae) of selected sites in the Tribec¢
Mountains]. Rosalia (Nitra), 3: 135-150. (In Slovak).

GAREY, M.V,, STURARO, ML.J., FERREIRA, G.S.V., DA SiLva, V.X.,
2023. Eficiéncia de armadilhas pitfall na amostragem de
pequenos vertebrados (Anura, Squamata ¢ Mammalia)
em fragmentos no sudeste da Floresta Atlantica, Brasil
[Pitfall trap efficiency in sampling small vertebrates (An-
ura, Squamata, and Mammalia) in fragments of the South-
eastern Atlantic Forest, Brazil]. Boletim do Museu Paraen-
se Emilio Goeldi. Ciéncias Naturais, 18 (3): €2023-¢893.
DOI: 10.46357/benaturais.v18i3.893. (In Spanish).

HAMMER, Q., 1999-2021. PAST: PAleontological STatistics,
Version 4.05. Reference manual. 284 p.

Hicg, C., ScuMmipLy, D., 2002. Diferencas na eficiéncia entre
dois métodos de amostragem para capturar pequenos
mamiferos ndo-voadores em uma area na Amazonia orien-
tal [The effectiveness of pitfall traps for sampling small
mammals in the Amazon Basin]. Mastozoologia Neotropi-
cal, 9: 85-89. https://doi.org/10.1590/1809-4392201602132.
(In Spanish).

Karko, E.K.V., HANDLEY, C.0.J., 1993. Comparative studies
of small mammal populations with transects of snap traps
and pitfall arrays in southwest Virginia. Virginia Journal
of Science, 44: 3—18.

Kregs, CJ., 1999. Ecological methodology. 2™ ed. Menlo Park:
Benjamin Cummings. 620 p.

LANGRAF, V., PETROVICOVA, K., SCHLARMANNOVA, J., CHOVAN-
COVA, Z., 2022. Changes in the community structure of
epigeic arthropods in the conditions of ecological
farming of pea (Pisum sativum L.). Chilean Journal
of Agricultural Research, 82 (4): 527-536. DOI: 10.4067/
S0718-58392022000400527

LauranNce, W.E., 1992. Abundance estimates of small mam-
mals in Australian tropical rainforest: a comparison
of four trapping methods. Wildlife Research, 19: 651—
655. https://doi.org/10.1071/WR9920651

McCLEARN, D., KoHLER, J., McGowaN, K.J., CEDENO, E.,
CARBONE, L.G., MILLER, D., 1994. Arboreal and terres-
trial mammal trapping on Gigante peninsula, Barro Col-
orado nature monument, Panama. Biotropica, 26: 208-213.

MENGAK, M.T., GuYnN, D.C.J., 1987. Pitfalls and snap traps
for sampling small mammals and herpetofauna. American
Midland Naturalist, 118: 28—288. https://doi.org/10.2307/
2425786

MENKHORST, P.W., KNIGHT, F., 2011. 4 field guide to the
Mammals of Australia. 3" ed. Oxford University Press,
South Melbourne. 296 p.

228

MoSansky, L., Stanko, M., 2001. Prispevok k poznaniu
fauny stavovcov (Amphibia, Aves, Mammalia) dolného
toku Bodrogu (Kovacske luky, Vychodoslovenska rovina)
[Contribution to the knowledge of vertebrate fauna
(Amphibia, Aves, Mammalia) of the lower Bodrog River
area (Kovacske luky, Eastern Slovak Lowland)]. In
Natura Carpatica: zbornik Vychodoslovenského miizea.
42. Kosice: Vychodoslovenské mizeum, p. 145-154. (In
Slovak).

MoSaNsKY, L., STaNkO, M., FriCovA, J., 2000. Doterajsie
poznatky z vyuzitia zemnych pasci pri teriologickych
vyskumoch na vychodnom Slovensku [Current knowled-
ge of the use of pitfall traps in mammal studies in Eastern
Slovakia]. Lynx (Praha), 31: 69-79. (In Slovak).

MuLunGu, L.S., MAKUNDI, R.H., MASSAWE, A.W., MACHANGU,
R.S., MBUE, N.E., 2008. Diversity and distribution of ro-
dent and shrew species associated with variations in al-
titude on Mount Kilimanjaro, Tanzania. Mammalia, 72:
178-185. DOI: 10.1515/MAMM.2008.021

Nicoras, V., CoLyN, M., 2006. Relative efficiency of three
types of small mammal traps in an African rainforest.
Belgian Journal of Zoology, 136: 107-111.

PALMEIRIM, A.F., BENCHIMOL, M., VIEIRA, M.V., PERES C.A.,
2018. Small mammal responses to Amazonian forest is-
lands are modulated by their forest dependence. Oecolo-
gia, 187: 191-204. https://doi.org/10.1007/s00442-018-
4114-6

PankaAkoOskl, E., 1979. The cone trap — a useful tool for index
trapping of small mammals. Annales Zoologici Fennici,
16: 144-150.

PEARCE, J.L., SCHUURMAN, D., BARBER, K.N., LARRIVEE, M.,
VENIER, L.A., McKEE, J., MCKENNEY, D., 2005. Pitfall
trap designs to maximize invertebrate captures and mini-
mize captures of nontarget vertebrates. Canadian Ento-
mologist, 137: 233-250. DOI: 10.4039/N04-029

PELIKAN, J., ZEIDA, J., HOLISOVA, V., 1977. Efficiency of diffe-
rent traps in catching small mammals. Folia Zoologica,
26 (1): 1-13.

Powerr, R.A., ProuLx, G., 2003. Trapping and marking
terrestrial mammals for research: integrating ethics, per-
formance criteria, techniques, and common sense. /lar
Journal, 44 (4): 259-276. https://doi.org/10.1093/ilar.
44.4.259

Pucek, Z., 1969. Trap response and estimation of numbers of
shrews in removal catches. Acta Theriologica, 14: 403-426.

Pucek, Z., JEDRZEJEWSKI, W., JEDRZEJEWSKA, B., PUCEK, M.,
1993. Rodent population dynamics in a primeval deci-
duous forest (Bialowieza National Park) in relation to wea-
ther, seed crop, and predation. Acta Theriologica, 38:
199-232.

RIBEIRO-JUNIOR, M.A., Rossi, R.V., MiraNDA, C.L., AviLa-
Pres, T.C., 2011. Influence of pitfall trap size and de-
sign on herpetofauna and small mammal studies in a
Neotropical Forest. Zoologia (Curitiba), 28: 80-91. https://
doi.org/10.1590/S1984-46702011000100012

SANTOS-FILHO, M.D., LAZARI, PR.D., Sousa, C.P.F.D., CANA-
LE, G.R., 2015. Avaliagdo da eficiéncia de armadilhas
para pequenos mamiferos no sul da Amazdnia [Trap
efficiency evaluation for small mammals in the southern
Amazon]. Acta Amazonica, 45: 187—-194. https://doi.org/
10.1590/1809-4392201401953. (In Spanish).

SaNTos-FiLHO, M., Siva, D.J., SanaloTTi, T.M., 2006. Effi-
ciency of four trap types in sampling small mammals in
forest fragments, Mato Grosso, Brazil. Mastozoologia



Neotropical, 13 (2): 217-225.

SikEs, R.S., GanNon, W.L., 2011. Guidelines of the Ameri-
can Society of Mammalogists for the use of wild mam-
mals in research. Journal of Mammalogy, 92, 235-253.
https://doi.org/10.1644/10-MAMM-F-355.1

STANKO, M., 2014. Metody ekologického vyskumu drobnych
cicavcov [Ecological research methods for small mam-
mals]. Kosice: Parazitologicky tstav SAV. 25 p. ISBN
978-80-971331-5-3. (In Slovak).

STANKO, M., MOSANSKY, L., FRICOVA, J., CASANOWA, J.C., 1999.
Comparison of two sampling methods of small mammals
in the margins of a lowland forest. Biologia, Bratislava,
54 (5): 595-597.

STANOVA, V., VALACHOVIC, M., 2002. Katalég biotopov Sloven-
ska [Habitat Catalogue of Slovakia] . Bratislava: DAPHNE
225 p. (In Slovak).

SHEFTEL, B.1., 2018. Methods for estimating the abundance of
small mammals. Russian Journal of Ecosystem Ecology,
3:1-21. DOI: 10.21685/2500-0578-2018-3-4

STEPHENS, R.B., ANDERSON, E.M., 2014. Effects of trap type
on small mammal richness, diversity, and mortality. Wild-
life Society Bulletin, 38: 619-627. https://doi.org/10.
1002/wsb.418

STROMGREN, E.J., SuLLIvaN, T.P., 2014. Influence of pitfall

versus Longworth livetraps, bait addition, and drift fences
on trap success and mortality of shrews. Acta Theriolo-
gica, 59: 203-210. https://doi.org/10.1007/s13364-013-
0149-6

THOMPSON, S.A., THOMPSON, G.G., 2008. Vertebrate by-catch
in invertebrate wet pitfall traps. Journal of the Royal So-
ciety of Western Australia, 91: 237-241.

TisCHLER, W., 1949. Grundziige der terrestrischen Tiercko-
logie [Fundamentals of terrestrial animal ecology].
Springer. 220 p.

UMETSU, F., Naxara, L., PARDINI, R., 2006. Evaluating the
efficiency of pitfall traps for sampling small mammals in
the neotropics. Journal of Mammalogy, 87: 757-765.
https://doi.org/10.1644/05-MAMM-A-285R2.1

VIEIRA, A.L.M., PIRES, A.S., NUNES-FREITAS, A.F., OLIVEIRA,
N.M., RESENDE, A.S., CAMPELLO, E.F.C., 2014. Eficiéncia
da captura de pequenos mamiferos em uma paisagem
fragmentada de Mata Atlantica: efeitos do tipo e posicao
das armadilhas, estagdo do ano e habitat [Efficiency of
small mammal trapping in an Atlantic Forest fragmented
landscape: the effects of trap type and position, seasona-
lity and habitat]. Brazilian Journal of Biology, 74 (3):
538-544. (In Spanish).

Received February 25, 2025
Accepted May 27, 2025

229



