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1 | INTRODUCTION

Understanding changes in global biodiversity patterns requires
large-scale, long-term monitoring. However, there might be sig-
nificant constraints in the analysis of long-term and spatially large

Abstract

Pitfall trapping is one of the standard methods used for the capture of ground-active
arthropod groups. Despite being frequently used, the standardization of this method
is problematic due to the large range of combinations of the individual parameters
of pitfall traps with varying efficacy under different environmental conditions. We
evaluated the effects of the trap diameter, the fixing fluid, and their combination
on the capture efficacy for harvestmen (Opiliones) and millipedes (Diplopoda). We
used pitfall traps with three different diameters: 3 cm, 5 cm, and 12 cm, filled with
three types of fixing fluids (saturated fluid of NaCl, 10:1 mixture of 70% ethanol and
glycerol and 4% formaldehyde). Altogether, 90 traps representing nine combinations
of trap diameters and fixing fluid were placed on a mown meadow in spring and
autumn intervals for a total of 45 days. We sampled 1,488 individuals representing
11 harvestmen species and 881 individuals representing 11 millipede species. Large
(d = 12 cm) and medium (5 cm) traps captured significantly more millipede species
and individuals than the small-sized traps (3 cm). The same effect was observed for
harvestmen species richness, whereas the medium traps (d = 5 cm) captured the
highest mean activity of harvestmen. By analyzing the differences in the body sizes
of the studied arthropods in relation to the trap diameter and fluid, we found that
larger traps, as well as traps filled with NaCl solution, captured larger harvestmen
more frequently than the other trap types. Our results revealed that the combination
of larger traps (d = 5 and 12 cm) and formaldehyde was most effective in the capture

of both studied groups. However, the disadvantage of formaldehyde is its toxicity.
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data, especially when the methodology used differs (Gotelli &
Colwell, 2001, 2011). The ability to make meaningful comparisons
of the results of studies is severely hampered by great variation in
the design of the sampling equipment and how it is used (Brown &
Matthews, 2016; Dornelas et al., 2014; Fischer et al., 2010; Magurran
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et al., 2010). Data obtained by pitfall trapping in various studies also
have limited comparability (Brown & Matthews, 2016).

Pitfall trapping was first used for the research of epigaeic fauna
by Dahl (1896) and was further developed after the publication of
Barber (1931) and Stammer (1948). It is now a well-established and
commonly used quantitative method of zoocoenosis surveys, in-
cluding harvestman and millipede communities (Strobl et al., 2019).
Pitfall traps are simple to use, efficient, and inexpensive and allow
for the continuous collection of specimens, including night forag-
ers, thus overcoming interspecific differences in circadian activity
rhythms (Koivula et al., 2003; Southwood, 1978; Térmala, 1982;
Ward et al., 2001).

This method is particularly advantageous for the capture of epi-
gaeic macro- and megafauna with islet-like dispersion and more pro-
nounced differences in circadian activity (Stasiov, 2015). Pitfall traps
can be used to generate an estimate of “activity density,” that is, the
abundance of each species as a reflection of its activity during the
sampling period and the density of the population in the sampled
habitat. This method does not allow reliable estimation of species
densities (Curtis, 1980; Lang, 2000).

The effectiveness of pitfall trapping for the capture of epigaeic
fauna has been widely discussed (Luff, 1975; de Oliveira et al., 2019;
Privet et al., 2020; Saska et al., 2013; Southwood, 1978; Topping &
Sunderland, 1992). For example, the effectiveness of pitfall trap-
ping was evaluated by capturing all individuals in a specific area
by Adis (1979) and Petruska (1969). According to Adis (1979), the
various factors possibly affecting the activity patterns of animals,
and their numbers caught in pitfall traps, such as climatic condi-
tions, vegetation cover, reproductive period, trap design, trapping
fluid, and many others, differ in their influence on epigeal arthro-
pod taxa. Petruska (1969) reported that carabids can escape from
water and formalin traps when detergent is not used. Individuals
of different sexes or ages may have unequal escape capabilities,
which will be a source of inconsistent results. Banerjee (1970) and
Miuller (1984) used marking of individuals trapped in pitfall traps
and their retrapping to calculate density using data of the relative
abundance. According to Banerjee (1970), trapping of three spe-
cies of diplopods with pitfall traps in areas with known densities
follows a definite mathematical relationship. The number of each
species trapped is density-dependent up to a certain level: beyond
that, the increased density levels are not proportionately reflected
in the catches. Muller (1984) found that in carabids, pitfall trapping
overestimates the number of captured males relative to females
because they have higher epigaeic activity.

Pitfall trapping is a passive method. This method of collecting
biological material has several advantages. In particular, the results
obtained are not affected by the collector; it is a simple and effective
method and not very labor-intensive (Franke et al., 1988; Prasifka
et al., 2007; Skvarla et al., 2014; Zou et al., 2012). Traps operate con-
tinuously from installation to collection. Therefore, it is possible to
work simultaneously on different remote sites, and the results can

be compared with each other.

Fcology and Evolution o 9865
= WILEY- |7

Harvestmen (Opiliones) and millipedes (Diplopoda) are epigaeic
organisms for which the trappability of variously modified pitfall
traps has not been sufficiently investigated (Gerlach et al., 2009;
Tourinho & Lo-Man-Hung, 2021). Therefore, the lack of information
has motivated us to compare the effectiveness of some previously
untried pitfall trapping modifications in capturing these two groups
of epigaeic invertebrates.

The primary objective of our study was to test the hypothesis
that when capturing harvestmen and millipedes by pitfall trapping,
the compositional structure and abundance of their communities
vary between traps with two different basic parameters (diameter
size and type of fixing fluids). The research was conducted under
mesophilic meadow conditions. We expected to find a higher species
richness and abundance of both groups in larger traps. Traps with
a larger diameter also have a larger circumference compared with
smaller traps and thus a larger capture zone. For this reason, it can be
assumed that they record more individuals and species than smaller
traps. We also expected that larger species would be captured less
in smaller traps than in larger traps because larger species can cross
over smaller traps and not fall into them. These assumptions have
already been confirmed in several groups of epigaeic invertebrates
but not yet in harvestmen or millipedes. For example, Luff (1975)
noticed that larger pitfall traps will always collect more individuals
because the rate of encounter is closely related to the circumfer-
ence of a trap. Work et al. (2002) found that larger pitfall traps with
larger circumferences collected more individuals and more species
of three studied taxa (Coleoptera: Carabidae and Staphylinidae; and
Araneae: Lycosidae) and that smaller traps collected more small-
bodied carabid and staphylinid species and large traps collected
more wolf spiders (Lycosidae) than smaller traps. According to Thiele
(1977), higher catch rates of larger species in larger traps may re-
flect the positive correlation between body size and motility. We
assumed that pitfall traps with different tested fixing fluids would
also provide different data on the species richness and abundance
of both groups due to their different effects (attractive or repellent)
on these groups and probably also on individual species. The reason
for the different capture efficiencies of the tested fixing fluids may
also be their specific effect on the escape of epigaeic invertebrates
from traps, which may be conditioned by their different densities
or killing effects. McCravy and Willand (2007) revealed different
effects (attraction/repellency) of several tested fixing fluids on the
numbers and species of carabids captured by pitfall trapping. Pitfall
traps containing the four preservatives that appeared to produce
the strongest volatiles (acetic acid, ethanol, ethylene glycol, and
propylene glycol) collected much greater numbers of carabids than
those containing distilled water or brine. However, these authors
also pointed out that these four preservatives may kill beetles more
quickly, reducing the probability of escape. Schmidt et al. (2006)
found that brine and ethanol-glycerin showed low capture efficien-
cies of arthropods compared with pure water and ethanol-water,
presumably because their high specific density allowed them to float

and thereby facilitated their escape.
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2 | MATERIAL AND METHODS
2.1 | Study area

The study was conducted in the Stiavnické vrchy Mountains, which
is a geomorphologic area of the West Carpathians in the central part
of Slovakia. The bedrock consists mainly of andesites and rhyolites
with scattered occurrences of conglomerates and shales. Soils are
predominantly cambisols. A substantial part of the area has a moder-
ately warm climate with a mean annual precipitation of 650-800 mm
and a mean air temperature of 7-8°C (Miklos, 2003).

The research was conducted on a mown meadow at an altitude
of 389 m situated on a distinctive steep slope with a western expo-
sure, with a slope of 17-25°. The sampling site was located in the
exclave of Kozelnik village (48°30.807'N and 19°00.210'E).

The locality represents communities of mesophilic, lowland, and
submontane meadows of the alliance Arrhenatherion elatioris. The
ecological spectrum of their occurrence is relatively wide, which is
closely related to their variability in species composition (Stanova
& Valachovi¢, 2002), dominated by high-grass species such as
Arrhenatherum elatius, Dactylis glomerata, and Festuca pratensis, as-
sociated with relatively diverse groups of herbs including Ranunculus

acris, Trifolium pratense, Achillea millefolium, and Lychnis flos-cuculi.

2.2 | Study design

Pitfall traps used to sample ground-dwelling invertebrates were
exposed in two intervals: 19.4-16.5.2009 and 16.9-2.10.2009. We
used three different diameters of traps (3 cm with a depth of 5 cm,
5 cm with a depth of 7 cm, and 12 cm with a depth of 13 cm) and
three different types of fixing fluids (saturated solution of NaCl
(brine), 10:1 mixture of 70% ethanol and glycerin and 4% formalde-
hyde). The brine was used as a control, as it is not known to have any
attractive or repellent attributes. In this manner, we established 9
different treatment combinations, each represented by 10 replicates
(90 traps in total). All traps were installed in a rectangular grid made
of 10 rows of 9 traps, with 3 m intervals between the traps and rows.
The placement of particular traps and treatment combinations fol-
lowed a random pattern.

Harvestmen were identified following Martens (1978) and
Wijnhoven (2009), and millipedes were identified following Kocourek
et al. (2017). Voucher specimens are stored with the first author who
identified them.

2.3 | Statistical analysis

Since epigeon sampling by pitfall traps usually covers several sea-
sons due to high seasonal dynamics (e.g., Inyang & Emosairue, 2003;
Pekar, 2002; Siewers et al., 2014), trap samples from spring and au-
tumn sampling periods were pooled for each trap, and summary data

on species richness and epigaeic activity were used in the analyses.

The effects of fixing-fluid type and trap-diameter size on spe-
cies richness, epigaeic activity (the number of individuals cap-
tured), Shannon diversity index, and evenness of Diplopoda and
Opiliones were evaluated separately for each taxonomic group
using generalized linear models (GLMs). The GLMs involved the
main effects of fluid type and trap-diameter size and their inter-
action. Since the number of species and individuals are count data,
the GLMs were fitted with a Poisson or quasi-Poisson error distri-
bution (to account for overdispersion) using a log-link function. In
the case of the Shannon index and evenness, we used a Gaussian
error distribution with an identity-link function to fit the GLMs.
When global tests of the main effects or interactions yielded sig-
nificant results (p < .05), pairwise comparisons among groups were
performed using Tukey's test.

The GLMs were also used to assess differences in body size of
captured Diplopoda and Opiliones among traps of differing diame-
ters and fixing-fluid type. Millipede total body length (lli¢ et al., 2019)
and harvestmen leg span (Lindtner et al., 2020) were used as char-
acteristics of body sizes. Data on these traits were taken from
Martens (1978) and Kocourek et al. (2017). The mean body sizes
of millipedes and harvestmen weighted by the species abundances
were calculated for each trap. GLMs with a gamma error distribution
and inverse-link function were fitted to the weighted means of body
sizes. Again, the interacting effects of fluid type and trap-diameter
size were used as explanatory variables.

Multivariate analogue of analysis of variance with permutations—
PERMANOVA (Anderson, 2001)—was applied to test for the effects
of fixing-fluid type and trap-diameter size on the composition of
millipede and harvestman assemblages. The Bray-Curtis index was
used as a measure of dissimilarity, and the calculation of p-values
was based on 9,999 permutations (McArdle & Anderson, 2001).
Species data were log-transformed prior to the analysis to reduce
the effect of dominant species. The effects of fluid type and trap-
diameter size on the composition of millipede and harvestman as-
semblages were visualized by using nonmetric multidimensional
scaling (NMDS; Kruskal, 1964). The same procedure (Bray-Curtis
index and log-transformed species matrix) was applied to both spe-
cies datasets.

Since it was expected that the response of the species captured
in traps might be specific compared with the response of the tax-
onomic group as a whole, we performed indicator species analysis
(Dufrene & Legendre, 1997) to determine whether some species
were captured more frequently in specific types of pitfall traps char-
acterized by the fluid type and diameter. The indicator value was
calculated for each species as the product of the species relative fre-
quency and relative average abundance within the particular treat-
ment combination of traps. The significance of the indicative weight
of species was tested by the Monte Carlo permutation test (9,999
permutations).

Analyses were performed in R (version 3.5.2; R Core
Team, 2018) using the “multcomp” (Hothorn et al., 2008) and
“labdsv” (Roberts, 2016) packages and the DISTLM v.5 program
(Anderson, 2004).



STASIOV ET AL.

3 | RESULTS

During the two sampling periods, we collected 1,488 individuals of
11 harvestmen species and 881 individuals of 11 millipedes species
(Table A1).

The effect of trap characteristics on species richness was
very similar for both arthropod groups (Figure 1; Table 1). In
both groups, the traps filled with formaldehyde captured the
highest mean species richness. Among the three different di-
ameter sizes of traps, the large- and medium-sized traps cap-
tured significantly more species than the small-sized traps. The
same effects were observed for millipede epigaeic activity and
the Shannon diversity index of millipede and harvestman assem-
blages; nevertheless, the highest mean harvestmen Shannon
index was observed for the traps filled with brine. We found sig-
nificant interacting effects of fixing-fluid type and diameter size
on harvestmen epigaeic activity and millipede evenness. In the
case of harvestmen, we found significant independent effects
of diameter size and fixing fluid on their evenness (Figure 1;
Table 1).

We did not find any significant relationship between the trap
characteristics and the mean body length of captured millipedes
(Figure 2; Table 1). In contrast, both diameter size and fixing fluid
showed significant independent effects on the mean leg span of
captured harvestmen. The larger traps and traps filled with brine
captured larger harvestmen species more frequently than the other
trap types.

We found significant interacting effects of fixing-fluid type and
diameter size on the community composition of both invertebrate
groups (Table 1). Although diameter size explained the higher varia-
tion in harvestmen species composition compared with fixing-fluid
type, the fluid type had a greater influence on the millipede spe-
cies composition in contrast to diameter size. These findings were
visually supported by NMDS ordinations (Figure 3). In particular, mil-
lipede assemblages captured in the traps filled with brine were dis-
tinctly separated from those captured in the traps filled with alcohol
(Figure 3 left). The differentiation of harvestmen assemblages was
apparently caused by the trap-diameter size, with the larger traps
(regardless of the fluid type) being clearly separated from the small
ones (Figure 3 right).

Indicator species analysis revealed six millipedes and five har-
vestmen species significantly associated with one of the fixing-fluid
types in combination with the diameter size of the traps (Table 2).
Most of them were significantly dominated in the medium and large
traps filled with formaldehyde. None of the harvestmen species was
significantly associated with the combination of small and ethanol-
filled traps. Two species, Z. crista and L. palpinalis, were more com-
mon in brine-filled traps, whereas L. proximus was the only species
associated with ethanol-filled traps. In millipedes, five species were
associated with formaldehyde fluid across a range of trap diameters,
while higher catch rates were associated with alcohol fluid only in L.

proximus.
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4 | DISCUSSION
4.1 | Influence of fixing fluid

Apart from the placement design, the fixing fluid used in traps can
also strongly influence catches of invertebrates (Holopainen, 1992;
Knapp &Razicka, 2012; Koivulaetal.,2003; Lévei & Sunderland, 1996;
Luff, 1975). The choice of a killing preservative has been a source of
considerable debate in the literature because depending on the aims
of the research, the ability to standardize the killing preservative
is probably less easily achieved than for the other design features.
First, there are different expectations based on whether the objec-
tive is to determine the assemblage (composition and abundance) or
only to list the species present (presence/absence). Those wishing
to collect material for genetic purposes will have different priori-
ties than those solely wishing to investigate morphological features.
The choice of killing preservatives can also be influenced by efforts
to protect the environment, as some killing preservatives are toxic
(Brown & Matthews, 2016). For example, formaldehyde is highly
toxic. Different fluids may attract or repel particular species, which
may bias the catch rates and sampling results (Knapp et al., 2016).

The results of this research revealed that among the tested fixing
fluids, formaldehyde proved to be the most effective in capturing
the highest number of species and individuals. The reason for this
could be the higher attractiveness of this fluid for species from the
studied groups. Some authors believe that the most commonly used
fixing fluid (10% formaldehyde) is attractive to some invertebrates
due to its vapors, but to others, it is repulsive (Greenslade, 1964).
However, this assumption has not yet been confirmed in practice.
Pinto-da-Rocha et al. (2007) also studied the impact of trapping
fluids on the behavior of harvestmen and the effectiveness of the
traps. According to them, bait traps (e.g., with invertebrate carrion)
are much more effective than formalin traps for some harvestmen
species. However, even formalin traps can work similarly to bait
traps because they also catch mammals, amphibians, and slugs,
which rot quickly with a bad smell, affecting catches of target ar-
thropods (Zou et al., 2012). The higher efficiency of formaldehyde
compared with the other tested fixing fluids could also result from
the lowered escape rate of fallen invertebrates from formalin traps
due to their relatively rapid death by this fixing fluid.

The disadvantage of formaldehyde is that it is a toxic fluid and
produces toxic waste as well as potentially contaminating habitats.
The same is true for ethylene glycol, which can block alcohol re-
ceptors in vertebrates and intoxicate them. Therefore, these fixing
fluids cannot be recommended for pitfall trapping and need to be

replaced by harmless alternatives.

4.2 | Influence of the diameter size of the trap

Our results revealed that both studied groups were best sampled by

using the traps with the largest and medium diameters. The diameter
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FIGURE 1 Comparisons of mean epigaeic activity, species richness, Shannon index of diversity, and evenness (points) of millipedes

(left) and harvestmen (right) in relation to fixing-fluid type used in traps, diameter of traps, or their interaction. Error bars represent 95%
confidence intervals. Different letters indicate significant differences in means (p < .05) based on Tukey tests. In the case of a nonsignificant
interaction between fixing-fluid type and diameter size, the main effects were plotted separately

of the trap opening is a basic characteristic of the pitfall trap size
because it influences the rate of capture of specimens. According
to Luff (1975), the capture results were affected by the trap size
(with small traps being more efficient in catching small beetles, while
large traps were more efficient in catching larger beetles). Koivula
et al. (2003) showed that larger traps (9 cm mouth diameter) are
more efficient in collecting ground beetles than small traps (6.5 cm)
in meadows in Finland. Large traps were also shown to be optimal
in collecting spiders in a western Australian Jarrah forest (Brennan
et al., 1999). Abensperg-Traun and Steven (1995) found that only
pitfall traps with large diameters (8.6 and 13.5 cm) caught all large-

bodied ant species.

Between the two compared attributes of pitfall traps, diameter
size had a greater impact on harvestmen compared with millipedes,
as it explained more variation in harvestmen species composition
compared with fluid type. This may have been due to a larger range
of harvestmen body sizes (range of the 2nd pair of walking limbs)
ranging from 18.2 mm (smallest species) to 80.3 mm (largest spe-
cies) compared with the size of millipedes (body length) ranging from
9 mm to 62 mm. Due to a larger range of body sizes (62.2 compared
with 53 mm), the diameter size had a greater impact on trapping ef-
ficiency for harvestmen than for millipedes. Moreover, 9 out of 11
recorded millipedes had a body length of up to 30 mm, which was

also the diameter of the smallest tested trap. In contrast, only 4 of
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TABLE 1 Overall differences in species richness, epigaeic activity, Shannon index, evenness, body length, leg span, and composition of
millipede and harvestmen assemblages captured by pitfall traps in relation to diameter size and fixing fluid used (GLM with (quasi-)Poisson,
Gaussian, or Gamma error distribution and PERMANOVA with 9,999 permutations and Bray-Curtis dissimilarity)

Diameter Fixing fluid Diameter* Fluid
2 () D? (%) p ZF) D? (%) p 2 (F) D? (%) p

Species richness

Diplopoda 1571 21.93 <0.001 9.42 13.14 0.009 3.89 5.43 0.42

Opiliones 21.15 28.97 <0.001 10.5 14.38 <0.001 1.42 1.95 0.841
Epigaeic activity

Diplopoda 28.69 29.37 <0.001 20.99 21.49 <0.001 21 4.29 0.089

Opiliones 8.01 12.33 <0.001 12.35 19 <0.001 3.24 9.98 0.016
Shannon index

Diplopoda 11.47 19.15 <0.001 4.45 7.44 0.015 1.98 6.61 0.106

Opiliones 25.0 32.12 <0.001 10.6 13.74 <0.001 11 6.8 0.368
Evenness

Diplopoda 3.19 6.33 0.047 1.25 2.48 0.293 2.96 11.76 0.025

Opiliones 10.4 19.35 <0.001 3.45 6.42 0.037 0.18 0.66 0.95
Body length

Diplopoda 1.7 3.66 0.189 0.49 1.05 0.615 0.42 1.82 0.792
Leg span

Opiliones 25.69 34.29 <0.001 7.84 10.47 <0.001 1.21 3.22 0.315

pseudo-F R? (%) p pseudo-F R? (%) p pseudo-F R? (%) p

Species composition
Diplopoda 3.57 6.4 <0.001 8.76 15.6 <0.001 1.94 6.9 0.008
Opiliones 741 13 <0.001 6.11 10.7 <0.001 1.83 6.4 0.021

Note: Test statistics (;(2, F, and pseudo-F), deviance (D?), variation explained (R?), and corresponding probabilities (p) are given for each term and
interaction.
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FIGURE 2 Comparison of the mean millipede body length and leg span of harvestmen in relation to fixing-fluid type used in traps,
diameter of traps, or their interaction. Homogeneous groups with statistically similar means resulting from Tukey's pairwise test are
indicated by the same letter. Means are represented by black dots, and 95% confidence intervals are represented by vertical lines. Since
the interactions between fixing-fluid type and diameter size were nonsignificant, the main effects were plotted separately. In the case of
Diplopoda, no significant differences in mean body length were found

11 harvestman species had a body size of up to 30 mm, indicating area than the body of the same-sized (long) millipede. Therefore,
that most species probably found it easier to avoid the smallest traps harvestmen are more likely to cross over a smaller trap and not
compared with the millipedes. Another reason may be the different fall into it than the same-sized millipedes. The cause of the greater
shapes of harvestmen and millipede bodies, which allows the body impact of the diameter size of traps on trapping efficiency for har-

of a harvestman (including the legs) to occupy a significantly larger vestmen compared with millipedes could also be their significantly
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1.0 5 2 1 | ® of millipede (left) and harvestmen (right)
° ° o © : é\ﬁcr’::,'dehyde C e assemblages captured by pitfall traps
0.5 - o 00 o O Brine ° e © Oe in relation to fixing-fluid type (depicted
R %° °, ® o. e .o €0 o ° by the different colors of the sample
P oCpe O. e . S ;y ® % e O & o centroids—circles) and trap-diameter size
So04{ “© e < ..o' G e . 2004 - o, , Co g0 ©® (depicted by the different sizes of the
= Q. [ LIPS .: te . < '. :" .' R Q:. ° sample centroids, larger symbol = larger
054 ° °° ..'0.0 ® o ° 0 ® e trap diameter)
' ‘e -0.5 Y
5 o ' Stress = 23.7% % Stress = 24%
T T T T T T T T T
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5
NMDS1 NMDS1

TABLE 2 List of indicator species for 9 combinations of pitfall traps differing in diameter size (3 cm, 5 cm, and 12 cm) and fixing-fluid type
(alcohol, formaldehyde, and brine)

IndVal 3cm 12 cm 12cm 3cm 5cm 12cm
Species (%) Alc 5cmAlc  Alc 3cmFor 5cmFor For Bri Bri Bri
Diplopoda
Megaphyllum unilineatum 30.57 1/1 10/4 1/1 4/3 6/4 32/10 9/5 27/9 15/7
Mastigona bosniensis 23.6' 0/0 1/1 4/4 1/1 6/4 11/6 0/0 0/0 5/3
Leptoiulus proximus 229 3/3 31/10 25/7 7/5 16/8 17/7 5/5 17/8 14/8
Brachydesmus superus 225 0/0 0/0 0/0 3/3 1/1 0/0 0/0 0/0 0/0
Polydesmus denticulatus 21.8 0/0 8/3 0/0 7/4 18/4 0/0 0/0 0/0 0/0
Unciger transsilvanicus 20.1 4/3 5/4 6/4 7/5 10/5 15/9 4/3 10/5 6/4
Polydesmus complanatus 19.5 11/6 38/10 68/8 54/10 66/10 66/10 2/2 5/5 28/9
Megaphyllum projectum 14.7 6/4 10/5 9/5 1/1 6/4 2/2 0/0 0/0 0/0
Ommatoiulus sabulosus 14.5 1/1 6/3 3/3 2/2 3/2 6/4 0/0 1/1 7/6
Glomeris hexasticha 12.7 10/7 16/6 16/8 6/6 13/8 12/5 7/4 11/6 10/6
Strongylosoma stigmatosum  11.4 0/0 3/2 4/2 0/0 0/0 0/0 0/0 0/0 0/0
Opiliones
Zachaeus crista 3857  1/1 6/3 9/6 1/1 7/4 20/8 3/3 9/4 35/10
Oligolophus tridens 303" 0/0 0/0 10/4 6/4 5/5 28/8 1/1 13/5 11/3
Nemastoma lugubre 276" 4/3 2/2 3/2 16/7 29/8 11/6 1/1 6/5 12/6
Astrobunus laevipes 249" 43/9 154/10 94/10 182/10 266/10 109/10 42/9 85/10 91/10
Lacinius ephippiatus 20.3 0/0 2/2 8/3 2/1 1/1 8/6 7/3 21/6 25/6
Lophopilio palpinalis 19.1° 1/1 6/4 6/5 8/5 9/6 10/5 4/3 4/4 18/7
Trogulus nepaeformis 12.9 0/0 B8 0/0 0/0 2/2 1/1 0/0 1/1 0/0
Trogulus tricarinatus 10.9 1/1 2/2 1/1 2/2 4/2 6/4 0/0 2/2 4/4
Platybunus bucephalus 10.0 0/0 1/1 0/0 0/0 0/0 0/0 0/0 0/0 0/0
Rilaena triangularis 10.0 0/0 0/0 0/0 0/0 0/0 1/1 0/0 0/0 0/0
Dicranolasma scabrum 5.00 0/0 0/0 1/1 0/0 0/0 1/1 0/0 0/0 0/0

Note: Indicative values (IndVal) and epigaeic activity/number of traps within the combination are given for each species. The combination for which
the species is indicative is in bold. Species are listed according to the descending indicative value within the particular taxonomic group. Asterisks
represent statistically significant results of the Monte Carlo permutation test (9,999 permutations).

*p <.05; **p <.01; ***p < .001.

different mode of movement (speed, step length, etc.). Harvestmen

are more mobile than millipedes, and their visual organs are located

higher above the soil surface. Due to these abilities, they are proba-

bly more likely to avoid smaller traps than millipedes.

Our results revealed that larger traps, with a diameter size of

12 cm, proved to be effective in catching both groups. Altogether,

six species (three for each group) were indicative of large traps. Two

harvestmen and two millipedes were indicative of medium traps
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(5 cm diameter). Nemastoma lugubre, found predominantly in me-
dium traps, was the second smallest recorded species (maximum
14 mm), and A. laevipes was the third smallest recorded species of
harvestmen (25 mm); similarly, millipedes L. proximus and P. dentic-
ulatus reach body sizes not exceeding 30 mm. There was only one
millipede species indicative of small traps, and again, it was the
smallest recorded species with a maximum length of 9.5 mm. Based
on our results, the small traps proved to be less effective and biased
the catch toward species with small body sizes. In particular, long-
legged harvestmen are likely to run over and evade a smaller diame-
ter pitfall trap. Skvarla et al. (2014) and Collett and Fisher (2017) also
recorded a lower efficiency of small pitfall traps in catching larger
invertebrates.

The smallest of the tested pitfall traps were not efficient in cap-
turing millipedes. The body length of most recorded millipede spe-
cies (7) exceeds 20 mm; hence, they may be capable of evading and
escaping the small trap, as shown by Gerlach et al. (2009) in labo-
ratory experiment with empty traps. Behavior patterns depend on
visual and tactile inputs of the trap, the illumination, and the charac-
teristics of the specimens themselves. Interestingly, the smallest mil-
lipede species were under-represented in medium and large traps,
suggesting a possible repelling effect of the larger trap containers
on minute millipedes.

Even though confirmed to be the most effective within the
tested trap-diameter sizes, the use of large pitfall traps may have
some disadvantages related to a collateral catch of invertebrates and
vertebrates (some of which may be legally protected), whose bodies
may attract other organisms to the traps and distort the data ob-

tained by pitfall trapping (Brennan et al., 1999).

4.3 | Evaluation of the efficiency of various types of
pitfall traps

Analysis of both factors (diameter size of traps and fixing fluid) re-
vealed that the combination of pitfall traps with a 12-cm diameter
size and formaldehyde fluid was the most effective at catching mil-
lipedes. The situation was different for harvestmen, where only one
species was indicative of this combination, while surprisingly, two
species were represented predominantly in medium traps filled with
formaldehyde. This combination even recorded significantly more
specimens of harvestmen compared with the combination of large
traps and formaldehyde.

The effectiveness of different types of pitfall traps in harvestmen
capture has also been tested in various habitats (spruce forest and
field hedgerows) by Sechterova-Spic¢akova (1989). She compared 8
types of traps with different shapes, materials, and diameters (from
18 to 38 cm). The author did not detect an effect of the type of pitfall
trap on the quantity or quantity of catches. However, she found that
a network-based distribution of traps is more appropriate than a lin-
ear distribution to obtain objective quantitative data on harvestmen.

Brown and Matthews (2016) proposed that a “standardized pitfall

trap for biodiversity monitoring” for the generation of long-term and
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spatially large ecological datasets should implement the following
design features: diameter—9-10 cm, fixing fluid—100 ml of a trans-
parent, nontoxic fixing fluid such as propylene glycol. The capture
results are, in addition to the diameter size of the pitfall traps and fix-
ing fluid, also affected by the trap shape (Spence & Niemel3, 1994),
material of the trap (Luff, 1975), fluid concentration, and detergent
(Pekar, 2002), as well as by the cover used (Spence & Niemels, 1994).

Several authors have compared pitfall trapping with other meth-
ods used for the capture of ground-active arthropod groups. For
example, comparisons among pitfall traps and litter bags placed
above- or belowground indicated that aboveground litter bags
most frequently succeeded in collecting certain groups of arthro-
pods associated with moisture and sheltered areas, including centi-
pedes (Chilopoda) and beetle larvae (Carabidae and Staphylinidae).
Conversely, pitfall traps most often captured taxa considered active
at ground level, such as adult carabids or harvestmen (Opiliones)
(Prasifka et al., 2007). Blower (1970) studied the density and sur-
face activity of millipedes in sycamore ash wood. Seven species
were extracted by Tullgren funnels from samples of soil and litter
over 5 years and were also caught in pitfall traps during an addi-
tional 2 years; four other species occurred occasionally in the traps.
Branquart et al. (1995) researched woodlouse (Isopoda) and mil-
lipede assemblages in nine deciduous oak-forest stands. The nu-
merical size of the populations was estimated using two sampling
methods, that is, extraction from soil samples (abundances) and pit-
fall trapping (activities). Although a good relationship was registered
between abundances and activities estimated in spring and autumn,
pitfall efficiency greatly depended on the taxa concerned. According
to Curtis (1980), the data distortions and problems of interpretation
explicitly described for pitfall trapping will apply to any sampling
method.

The results of these and other studies suggest that a more ob-
jective knowledge of species composition and dominance of spe-
cies in harvestman and millipede communities can be provided by
a combination of several sampling methods due to their different
trappability of individual species. In addition, the use of different
sampling methods (e.g., sweep net and visual search) will also be
important for inventory studies as well as for community ecology
studies, as different methods sample different taxa (Churchill, 1993;
Majer, 1997). Additionally, according to Knapp et al. (2020), not only
different higher taxa but also different species from the same taxon
can be collected efficiently with different sampling techniques; thus,
the application of multiple (complementary) sampling techniques is
recommended even for the sampling of a single higher taxon.

5 | CONCLUSIONS

Our results revealed that both studied groups were best sampled by
using traps with the largest (12 cm) and medium diameters (5 cm).
They were shown to be similarly efficient (in terms of species rich-
ness and epigaeic activity), without significant overall differences in

capture rates. Only the smallest traps were shown to be significantly
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less efficient and hence not suitable to representatively sample
these two groups. The use of smaller traps for sampling arthropods
may be preferable, especially in conditions where placing larger
traps is problematic due to environmental constraints (such as shal-
low or rocky soils) or is of concern due to the possibility of catching
protected species or collateral groups. It might also represent a cost-
effective method due to overall lower prices of the smaller contain-
ers and lower volumes of fixing fluids needed for a trap to operate.
Although formaldehyde was shown to be the most effective at cap-
turing both studied groups, it is a toxic fluid; therefore, it is necessary

to replace it in pitfall traps with other harmless fixing fluids.
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APPENDIX A

TABLE A1 List of recorded species and their spring/autumn epigaeic activities captured in pitfall traps differing in fixing-fluid type and
diameter size

Fixing fluid Diameter

Species Alcohol Formaldehyde Brine 3cm 5cm 12 cm

Diplopoda
Glomeris hexasticha Brandt, 1833 39/3 28/3 26/2 23/0 37/3 33/5
Mastigona bosniensis (Verhoeff, 1897) 0/5 0/18 0/5 0/1 0/7 0/20
Brachydesmus superus Latzel, 1884 0/0 3/1 0/0 2/1 1/0 0/0
Polydesmus complanatus (Linnaeus, 1761) 46/71 103/83 0/35 33/34 42/67 74/88
Polydesmus denticulatus C. L. Koch, 1847 8/0 25/0 0/0 7/0 26/0 0/0
Strongylosoma stigmatosum (Eichwald, 1830) 7/0 0/0 0/0 0/0 3/0 4/0
Leptoiulus proximus (Némec, 1896) 58/1 38/2 32/4 15/0 63/1 50/6
Megaphyllum projectum Verhoeff, 1894 22/3 6/3 0/0 6/1 13/3 9/2
Megaphyllum unilineatum (C. L. Koch, 1838) 8/4 33/9 37/14 10/4 33/10 35/13
Ommatoiulus sabulosus (Linnaeus, 1758) 4/6 a4/7 0/8 2/1 6/4 0/16
Unciger transsilvanicus (Verhoeff, 1899) 13/2 19/13 14/6 11/4 20/5 15/12

Opiliones
Dicranolasma scabrum (Herbst, 1799) 1/0 1/0 0/0 0/0 0/0 2/0
Nemastoma lugubre (Miiller, 1776) 1/8 2/54 0/19 1/20 1/36 1/25
Trogulus nepaeformis (Scopoli, 1763) 3/0 2/1 0/1 0/0 4/2 1/0
Trogulus tricarinatus (Linnaeus, 1767) 2/2 10/2 3/3 2/1 7/1 6/5
Lacinius ephippiatus (C. L. Koch, 1835) 0/10 0/11 0/53 0/9 0/24 0/41
Lophopilio palpinalis (Herbst, 1799) 0/13 8/19 1/25 6/7 3/16 0/34
Oligolophus tridens (C. L. Koch, 1836) 0/10 0/39 0/25 0/7 0/18 0/49
Platybunus bucephalus (C. L. Koch, 1835) 1/0 0/0 0/0 0/0 1/0 0/0
Rilaena triangularis (Herbst, 1799) 0/0 1/0 0/0 0/0 0/0 1/0
Zachaeus crista (Brullé, 1832) 16/0 28/0 47/0 5/0 22/0 64/0

Astrobunus laevipes (Canestrini, 1872) 3/288 7/550 5/213 3/264 9/496 3/291



