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ABSTRACT

Background: Pitfall traps are commonly used to assess ground dwelling arthropod
communities. The effects of different pitfall trap designs on the trapping outcome
are poorly investigated however they might affect conclusions drawn from pitfall
trap data greatly.

Methods: We tested four pitfall trap types which have been used in previous studies
for their effectiveness: a simple type, a faster exchangeable type with an extended
plastic rim plate and two types with guidance barriers (V- and X-shaped). About
20 traps were active for 10 weeks and emptied biweekly resulting in 100 trap samples.
Results: Pitfall traps with guidance barriers were up to five times more effective
than simple pitfall traps and trap samples resulted in more similar assemblage
approximations. Pitfall traps with extended plastic rim plates did not only perform
poorly but also resulted in distinct carabid assemblages with less individuals of small
species and a larger variation.

Discussion: Due to the obvious trait filtering and resulting altered assemblages,
we suggest not to use pitfall traps with extended plastic rim plates. In comprehensive
biodiversity inventories, a smaller number of pitfall traps with guidance barriers
and a larger number of spatial replicates is of advantage, while due to comparability
reasons, the use of simple pitfall traps will be recommended in most other cases.

Subjects Agricultural Science, Conservation Biology, Ecology, Entomology
Keywords Biodiversity estimation, Spiders, Carabid beetles, Ground dwelling predators,
Staphylinid beetles, Sampling method, Inventory, Species richness

INTRODUCTION

Proposed nearly a century ago, pitfall traps remain one of the most commonly applied
sampling methods in ecological field studies and are widely used for the assessment of
ground dwelling arthropod taxa which are of high importance in modern ecosystem
functioning research (Brown ¢ Matthews, 2016). Although the limitations of pitfall
traps in respect to trait filtering and reflecting diversity and abundances in a habitat
appropriately have been intensively discussed, the method is still the best standardized and
comparable approach to study ground dwelling arthropods and due to comparative low
handling time allows for sufficient replication (Driscoll, 2010; Kotze et al., 2011).
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Different features of pitfall trap designs have undergone review and research over the
last decades in order to improve and standardize trap designs: colour of traps (Buchholz
et al., 2010), the presence and colour of rain covers (Buchholz & Hannig, 2009; Csazar
et al., 2018), sampling intervals (Schirmel et al., 2010), spatial distribution (Ward, New ¢
Yen, 2001), different preservatives (Schmidt et al., 2006; Skvarla, Larson ¢ Dowling, 2014)
as well as pitfall trap diameters and the use of funnels (Csazar et al., 2018; Lange, Gossner &
Weisser, 2011). A recent meta-analysis by Brown ¢ Matthews (2016) discussed many
pitfall trap parameters (diameter, depth, colour, rain covers, preservatives and the use
of funnels) and even proposed a standardized trap design. However, the authors
did not consider additions to pitfall trap designs such as extended rim plates or
guidance barriers although these have been used in previous studies.

In a conventional simple pitfall trap as proposed by the pioneers Dahl (1896), Barber
(1931) and Greenslade (1964) which is basically a container sunk in the soil, a large
proportion of ground dwelling beetle species occurring in a habitat will not be detected
with sufficient certainty as they are comparatively rare in assemblages (Driscoll, 2010). To
overcome this limitation without increasing the sampling effort and workload, guidance
barrier pitfall traps have been introduced. The use of guidance barriers is meant to
increase capture efficiency and the number of singletons which are particularly important
in conservation studies where complete biodiversity inventories are desired (Harnsen &
New, 2005). However, only few studies investigated the actual effect of guidance barriers
on pitfall trap catches and these studies suffered from low sample sizes and unbalanced
sampling efforts with a different number of pitfall traps used in the studied pitfall trap
designs (Hansen ¢ New, 20055 Winder et al., 2001). Moreover, guidance barrier pitfall
traps are not commonly used in applied research (but see Hossain et al. (2002) and
Schneider et al. (2016)). To our knowledge, the effects of barriers on assemblages or traits
have so far not been investigated at all.

To reduce handling time in the field as well as the so called ‘digging in effects’
(Digweed et al., 1995; Greenslade, 1973), pitfall traps with extended polyvinyl chloride
(PVC) rim plates screwed on top of a pitfall trap glass jar have been designed. With
this design, hardly any digging or filling of gaps between the pitfall trap and the
surrounding soil is needed in the process of exchanging pitfall trap containers and
therefore handling time and the release of soil CO, are reduced. The latter is known to
increase ground dwelling arthropod activity and could therefore affect pitfall trap catches
and lead to an overestimation of activity densities (Joosse ¢ Kapteijn, 1968; Schirmel et al.,
2010). Another advantage of this design is the enhanced standardization of the transition
between the pitfall trap and surrounding soil. However, it is unknown how these traps
perform in comparison with simple pitfall traps and whether the extended plastic rim
plate affects resulting ground dwelling arthropod assemblages.

In this study, we investigate the effects of different pitfall trap designs on the catches of
the three most commonly studied ground dwelling arthropod taxa (carabid beetles,
staphylinid beetles and spiders) and possible effects on assemblage structure and trait
filtering in carabid beetles.
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MATERIALS AND METHODS
Study design

The study was performed on a semi-natural meadow with hedgerows near the Biocenter
of the University of Wiirzburg in central Germany (49.779416°N, 9.973360°E). On this
meadow five plots of each four pitfall traps were established. The five plots always
consisted of four different pitfall trap designs:

i. Conventional simple pitfall traps (Fig. 1A);

ii. Pitfall traps with a squared extended PVC rim plate screwed on top of the glass
jar used as pitfall trap for avoidance of digging in effects and easier exchange
(10 x 10 cm?; diameter 7 cm; Fig. 1B);

iii. V-shaped guidance barrier pitfall traps using two 75 cm long metal barriers (height:
7 cm, angle: 90°, proposed by Smith (1976); Fig. 1C);

iv. X-shaped guidance barrier pitfall traps using four 75 cm long metal barriers (height:
7 cm angle: 90°, proposed by Morrill, Lester ¢» Wrona (1990); Fig. 1D).

The minimum distance between plots was 45 m while the pitfall traps within a plot
were placed in a row and separated from each other by 10 m to minimize possible
detrimental effects of neighbouring pitfall traps on pitfall trap catches. All pitfall traps
were located 2 m apart from an adjacent hedgerow to make trap samples comparable.

Data collection

Pitfall traps were set up at the 13th March 2012 and emptied biweekly until the 22nd May
2012 which results in 100 trap samples (five plots x four pitfall traps per plot x five
sampling intervals). As pitfall trap containers, we used conventional glass honey jars
(height: 9 cm, diameter: 7.5 cm, transparent) filled with 200 ml three parts water with one
part ethylene glycol (automobile antifreeze; H. Kerndl GmbH, Vaterstetten, Germany)
mixture with odourless detergent as trapping liquid and preservant in each pitfall trap
design. Pitfall traps were covered by metal roofs (25 x 25 cm?, approximately 10 cm above
ground) to protect against flooding. To minimize small vertebrate bycatch, all traps except
for the X-shaped guidance barrier type were additionally covered by a wire cross (length:
10 cm, width: 2 mm; Fig. 1B).

Pitfall trap samples were sorted for carabid beetles (Carabidae), rove beetles
(Staphylinidae) and spiders (Araneae). All individuals from these taxa were counted and all
carabid beetles were identified to species level following Miiller-Motzfeld (2006). Carabid
body size was obtained from the online database ‘carabids.org’ (Homburg et al., 2014).

Statistical analyses
All statistical analyses were performed in R 3.3.1 for Windows (R Development Core Team,
2016).

For all analyses the pitfall trap samples of the same plot and pitfall trap design were
pooled over all five sampling intervals to account for phenological shifts in the
assemblages and reduce the influence of outliers (Kotze et al., 2011; Williams et al., 2010).
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Figure 1 Pitfall trap designs investigated. (A) Conventional pitfall trap, (B) pitfall trap with a squared
PVC rim (shown without metal roof), (C) pitfall trap with V-shaped guidance barriers, (D) pitfall trap
with X-shaped guidance barriers. Arrows indicate measurements of the corresponding parts.

Full-size K&) DOT: 10.7717/peerj.5078/fig-1
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We used linear mixed effects models (LMER; using ‘Imer’ from the package Ime4 (Bates
et al., 2015)) to analyse the effects of pitfall trap type on the response variables ‘carabid
species richness, ‘carabid beetle activity density, ‘staphylinid beetle activity density,
‘spider activity density, the ‘proportion of small (<6 mm) carabid beetles, the ‘proportion
of large (>10 mm) carabid beetles’ and ‘carabid beetle community weighted mean
body size.” Activity densities were square root transformed to account for
heteroscedasticity. All LMERs contained ‘plot ID’ as a random effect to account for the
nested design and were analysed using the command ‘anova’ (type II sums of squares,
Kenward—Roger approximation of denominator degrees of freedom) from the package
‘ImerTest’ (Kuznetsova, Brockhoff ¢ Christensen, 2017) and subsequent Tukey-HSD post
hoc tests (‘HSD.test’ command from the package agricolae (De Mendiburu, 2016)). All
models met the model assumptions for linear mixed effects models. All response variables
were tested for spatial autocorrelation using the ‘Moran.I’ command from the package ape
(Paradis, Claude & Strimmer, 2004) but no spatial autocorrelation was detected.

Additionally, we compared the resulting carabid assemblages (transformed to
proportion data) in a non-metric multidimensional scaling (NMDS) based on
Bray—Curtis dissimilarities using the ‘metaMDS’ command (package ‘vegan’ (Oksarnen
et al., 2013)). The NMDS fit was tested for significant differences between pitfall trap
designs in a PERMANOVA (‘adonis’ command). To compare the capture efficiency of the
different pitfall trap designs we calculated species accumulation curves using the
‘specaccum’ function (including 95% confidence intervals).

RESULTS

On the five plots, a total of 655 carabid beetles from 42 species, as well as 626 staphylinid
beetles and 4,557 spiders were trapped over the course of the five sampling intervals
(Tables 1 and 2).
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Table 1 Total activity densities and carabid species richness in the different pitfall trap designs over
all plots and sampling intervals.

Response variable (i) Simple (ii) Extended PVC (iii) V-shaped (iv) X-shaped
type rim plate type barrier type barrier type

Carabid beetles

Species richness 17 17 29 35

Activity density 55 39 208 353
Staphylinid beetles

Activity density 103 44 131 348
Spiders

Activity density 576 354 973 2,654

Activity densities of all three investigated taxa were at least three times higher in the
pitfall traps with X-shaped guidance barriers compared to simple pitfall traps and
lowest in the pitfall traps with extended PVC rim plate (not significant in carabid beetles;
Table 1; Fig. 2). The pitfall traps with V-shaped guidance barriers caught more carabid
beetles and spiders than the simple ones but less than the pitfall traps with X-shaped
guidance barriers in all three taxa (carabid beetles: LMER: F; 1, = 69.0, p < 0.001; Fig. 2A;
staphylinid beetles: LMER: F;;, = 35.8, p < 0.001; Fig. 2B; spiders: LMER: F; 1, = 99.7,
p < 0.001; Fig. 2C).

The carabid assemblages in the pitfall trap samples of the pitfall trap designs using
guidance barriers had approximately twice as many species than the assemblages in the
two remainder types (LMER: F;;, = 20.6, p < 0.001; Fig. 3A). The pitfall traps with
extended PVC rim plate caught significantly less small species (<6 mm; LMER: F; ;, =
12.3, p < 0.001) and more large species (>10 mm; LMER: F; ;, = 4.38, p = 0.027) which
resulted in a larger community weighted mean body size than in the other pitfall trap
designs (LMER: F; ;, = 69.0, p < 0.001; Fig. 3B).

The NMDS ordination (stress 0.18) showed considerably less variation among the very
similar carabid assemblages in the pitfall traps with guidance barriers while carabid
assemblages in the pitfall trap designs without guidance barriers showed larger variation
between plots. Pitfall trap design influenced the trapped assemblages significantly
(PERMANOVA: 9,999 permutations, F; ;9 = 2,68, p < 0.001) as the pitfall traps with
extended PVC rim plates had rather different assemblages compared to the other pitfall
trap types (Fig. 4A).

The species accumulation curves indicated that using one single pitfall trap with
X-shaped guidance barriers is approximately as effective as using four to five simple pitfall
traps (Fig. 4B).

DISCUSSION

We showed that the choice of pitfall trap design affects the final outcome of a study and
results in different assemblage approximations even though we tested one habitat which has a
finite carabid species pool and a unique assemblage structure. Pitfall trap design might
therefore affect conclusions drawn from the study outcome and pitfall trap designs unsuitable
for the hypotheses will result in poor results and poor management recommendations.
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Table 2 Carabid beetle species present in the different pitfall trap designs over all plots.

Species (i) Simple (ii) Extended PVC (iii) V-shaped (iv) X-shaped
type rim plate type barrier type barrier type
Abax parallelepipedus 1
Amara aenea 1 1 14 30
Amara convexior 3 2 4 17
Amara equestris 1
Amara eurynota 1 1
Amara familiaris 1 3 3
Amara lucida 1 3
Amara lunicollis 1 1 2
Amara ovata 1 1 5
Amara similata 3
Anchomenus dorsalis 1 4
Badister bullatus 1 1 1 1
Badister lacertosus 2
Bembidion lampros 2 1 5 13
Bembidion properans 2
Brachinus crepitans 1 6
Calathus melanocephalus 2 3 2
Carabus coriaceus 1 1
Harpalus affinis 1 1
Harpalus pumilus 3 1 20 32
Harpalus rubripes 5 9 21 62
Harpalus rufipes 1 1 1
Harpalus subcylindricus 2 2 18
Harpalus tardus 8 9 27 54
Lebia cruxminor 1
Masoreus wetterhalii
Microlestes maurus 1 2 1
Notiophilus biguttatus 1
Notiophilus palustris 2 2
Ophonus laticollis 1
Panagaeus bipustulatus 1 2 3
Paradromius linearis 1 2
Philorhizus notatus 2 1
Philorhizus sigma 1
Poecilus cupreus 4 1 10 11
Poecilus lepidus 5 10 25
Poecilus versicolor 1
Pterostichus strenuus
Syntomus foveatus 7 2
Syntomus truncatellus 19 1 59 37
Synuchus vivalis 1
Trechus quadristriatus 1
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Figure 2 Activity densities (mean * 95% CI) of carabid beetles (A), staphylinid beetles (B) and
spiders (C) for the four different pitfall trap types. Different letters above indicate significant dif-
ferences (p < 0.05). Pitfall trap designs from left to right: simple type; extended PVC rim plate type;
V-shaped guidance barrier type; X-shaped guidance barrier type.

Full-size &4l DOI: 10.7717/peerj.5078/fig-2

Pitfall traps with guidance barriers proved most effective in our study and showed
coherent carabid beetle assemblage structures. These pitfall trap designs have been
proposed several times in the past but have seen little use so far (Durkis ¢ Reeves, 1982;
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Figure 3 Carabid beetle species richness (A) and community weighted mean body size within the
carabid assemblages (B) for the four different pitfall trap types. Means = 95% CI. Different letters
above indicate significant differences (p < 0.05). Pitfall trap designs from left to right: simple type;
extended PVC rim plate type; V-shaped guidance barrier type; X-shaped guidance barrier type.
Full-size K&l DOI: 10.7717/peerj.5078/fig-3

Hansen ¢ New, 2005; Winder et al., 2001). According to our results, the use of a few pitfall
traps with guidance barriers would be recommended over the use of many simple pitfall
traps, especially when comprehensive biodiversity inventories are desired. One single
pitfall trap with guidance barriers was approximately as effective as four to five simple
pitfall traps in regards of species richness; therefore, the use of pitfall traps with guidance
barriers could spare handling time in the field and in the laboratory. The guidance
barrier designs are (i) more time consuming in the construction with higher payloads in
the field and (ii) at least in the X-shaped design traps need to be renewed in each sampling
interval in order to exchange the trap container (a problem that could probably be
overcome by revisiting the design of the guidance barriers). Nonetheless, a reduced overall
number of traps and overall reduced handling time subsequently saved in sample
processing later on increases the efficiency. However, pitfall traps with guidance barriers
need a more or less plain ground: for the study of uneven surfaces (e.g. rocky ground),
simple pitfall traps will be more suitable and efficient. The increased visibility of guidance
barrier traps could also result in a higher rate of vandalism which is a problem in pitfall
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Figure 4 Carabid beetle assemblage characteristics. (A) NMDS ordination of the carabid assemblages
in the different pitfall trap types. (B) Species accumulation curves (£95% CI) for the four different pitfall trap
types. Colours: green: conventional pitfall trap; blue: pitfall trap with a squared PVC rim; orange: pitfall trap
with a V-shaped guidance barrier; red: pitfall trap with a X-shaped guidance barrier. Pitfall trap designs from
left to right: simple type (green); extended PVC rim plate type (blue); V-shaped guidance barrier type
(orange); X-shaped guidance barrier type (red). Full-size K&l DOT: 10.7717/peerj.5078/fig-4

trap studies but might be minimized by using transparent barriers as used by Durkis ¢
Reeves (1982). Moreover, as for now not many studies used pitfall traps with guidance
barriers, for means of comparability between studies it will be necessary to use simple
pitfall traps in many fields of ecological research.

In contrast to Winder et al. (2001), we did not find barrier pitfall trap designs to catch
more carabid beetles of a certain size as community weighted mean body size and
percentages of small and large carabid beetles remained approximately the same as in the
simple pitfall traps. The shape of the guidance barriers only affected total activity densities
and not species richness or assemblage composition, therefore, the V-shaped guidance
barrier pitfall traps which have a lower impact on ecosystems as their catchment area is
only a quarter of those of the X-shaped guidance barrier pitfall traps can be used in
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biodiversity inventories. This design has also the advantage that the guidance barriers
are not covering the pitfall trap container which makes the exchange or collection of pitfall
trap samples much easier and faster.

Although simple pitfall traps caught less species and fewer individuals as the pitfall
traps containing guidance barriers, the resulting carabid assemblages were over all rather
similar to those from the pitfall traps with guidance barriers. The remaining differences
could probably be compensated by using a higher number of simple pitfall traps in
habitats and situations where the use of guidance barriers is not possible.

The use of extended PVC rim plates mainly aims at reducing set up time for pitfall traps
and digging-in effects. Although this method is—apart from the use of funnels in
combination with a two cup system as described in Brown ¢ Matthews (2016 )—probably
the most efficient in terms of handling time in the field and quite good for standardizing
the transition between surrounding soil an pitfall trap, it resulted in low catch rates
and considerable alteration of the resulting carabid beetle assemblages in comparison
to all other tested pitfall trap designs. Yet as activity densities were not drastically different
from those in the simple pitfall traps, we argue that the ‘digging in effect’ did not boost
activity densities essentially in our study.

However, trait filtering against small sized carabid species was apparent when using
extended PVC rim plates. This effect is completely contrary to the original idea of a more
standardized transition between surrounding soil and pitfall trap which should help to
catch more small carabid beetles as pitfall trap sampling bias due to the perception of
edges is decreasing with increasing body size (Engel et al., 2017; Lang, 2000). Carabid
beetles most likely avoided the relatively smooth PVC surface and as smaller species would
have to cover longer distances in relation to their body size, this effect results in trait
filtering. It might be reduced by covering the surface with sand (fixed with spray glue) or
other more natural organic substrates. For the moment, due to the reduced and size-
biased catches produced by this pitfall trap design, we suggest to refrain from its use.

CONCLUSIONS

Many studies on ground dwelling predators (carabid beetles, staphylinid beetles, spiders)
use pitfall traps to draw conclusions on habitat conservation and ecosystem services
including functional traits of species without being aware of the bias of certain pitfall trap
designs. We show that pitfall trap design not only affects species richness and activity
densities but also the trait composition of the resulting assemblages. For comprehensive
biodiversity inventories, we therefore recommend to use a small number of highly
effective pitfall traps with overall spared handling time, as the X- or V-shaped barrier trap
designs in our study. However, for most ecological studies the use of simple pitfall trap
designs is recommended, to increase comparability to other studies. We hereby
recommend to use a nested design of several simple pitfall traps per plot followed by a
pooling of the data as suggested by Kotze et al. (2011) in order to get a more conclusive
picture of the local assemblages. We can currently not recommend the use of pitfall
traps with an extended PVC rim plate, as especially small species tend not to cross

such plates.

Boetzl et al. (2018), PeerdJ, DOI 10.7717/peerj.5078 10/14


http://dx.doi.org/10.7717/peerj.5078
https://peerj.com/

Peer/

ACKNOWLEDGEMENTS

We are grateful to Sascha Buchholz and two anonymous reviewers for their helpful
comments on the manuscript and to the nature conservation authorities of Lower
Frankonia for permits.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

Fabian A. Boetzl was supported by a grant of the German Excellence Initiative

to the Graduate School of Life Sciences, University of Wiirzburg. This publication was
funded by the German Research Foundation (DFG) and the University of Wuerzburg in
the funding programme Open Access Publishing. The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

German Excellence Initiative to the Graduate School of Life Sciences, University of
Wiirzburg.

German Research Foundation (DFG).

University of Wuerzburg.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Fabian A. Boetzl analyzed the data, contributed reagents/materials/analysis tools,
prepared figures and/or tables, authored or reviewed drafts of the paper, approved the
final draft.

e Elena Ries conceived and designed the experiments, performed the experiments,
analyzed the data, contributed reagents/materials/analysis tools, authored or reviewed
drafts of the paper, approved the final draft.

e Gudrun Schneider conceived and designed the experiments, contributed reagents/
materials/analysis tools, authored or reviewed drafts of the paper, approved the final
draft.

e Jochen Krauss conceived and designed the experiments, contributed reagents/
materials/analysis tools, authored or reviewed drafts of the paper, approved the
final draft.

Data Availability
The following information was supplied regarding data availability:
The raw data are provided in the Supplemental Files.

Boetzl et al. (2018), Peerd, DOI 10.7717/peerj.5078 11/14


http://dx.doi.org/10.7717/peerj.5078#supplemental-information
http://dx.doi.org/10.7717/peerj.5078
https://peerj.com/

Peer/

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/
10.7717/peerj.5078#supplemental-information.

REFERENCES

Barber HS. 1931. Traps for cave-inhabiting insects. Journal of the Elisha Mitchell Scientific Society
46:259-266.

Bates D, Machler M, Bolker BM, Walker SC. 2015. Fitting linear mixed-effects models using Ime4.
Journal of Statistical Software 67:1-48.

Brown GR, Matthews IM. 2016. A review of extensive variation in the design of pitfall traps and a
proposal for a standard pitfall trap design for monitoring ground-active arthropod biodiversity.
Ecology and Evolution 6(12):3953-3964 DOI 10.1002/ece3.2176.

Buchholz S, Hannig K. 2009. Do covers influence the capture efficiency of pitfall traps? European
Journal of Entomology 106(4):667—671 DOI 10.14411/eje.2009.083.

Buchholz S, Jess A-M, Hertenstein F, Schirmel J. 2010. Effect of the colour of pitfall traps
on their capture efficiency of carabid beetles (Coleoptera: Carabidae), spiders (Araneae)
and other arthropods. European Journal of Entomology 107(2):277-280
DOI 10.14411/eje.2010.036.

Csazar P, Torma A, Gallé-Szpisjak N, Tolgyesi C, Gallé R. 2018. Efficiency of pitfall traps with
funnels and/or roofs in capturing ground-dwelling arthropods. European Journal of Entomology
115:15-24 DOI 10.14411/eje.2018.003.

Dahl F. 1896. Vergleichende Untersuchungen tiber die Lebensweise wirbelloser Aasfresser.
Sitzungsberichte der Koniglich Preussischen Akademie der Wissenschaften zu Berlin 1:17-30.

De Mendiburu F. 2016. Agricolae: statistical procedures for agricultural research. R package
Version 1.2-4 ed. Available at hitp://tarwi.lamolina.edu.pe/~fmendiburi.

Digweed S, Currie CR, Carcamo HA, Spence J. 1995. Digging out the “digging-in effect” of pitfall
traps: influences of depletion and disturbance on catches of ground beetles (Coleoptera:
Carabidae). Pedobiologia 39:561-576.

Driscoll DA. 2010. Few beetle species can be detected with 95% confidence using pitfall traps.
Austral Ecology 35(1):13-23 DOI 10.1111/j.1442-9993.2009.02007.x.

Durkis TJ, Reeves RM. 1982. Barriers increase efficiency of pitfall traps. Entomological News
93:8-12.

Engel J, Hertzog L, Tiede J, Wagg C, Ebeling A, Briesen H, Weisser WW. 2017. Pitfall trap
sampling bias depends on body mass, temperature, and trap number: insights from an
individual-based model. Ecosphere 8(4):e01790 DOI 10.1002/ecs2.1790.

Greenslade PJM. 1964. Pitfall trapping as a method for studying populations of Carabidae
(Coleoptera). Journal of Animal Ecology 33(2):301-310 DOI 10.2307/2632.

Greenslade PJM. 1973. Sampling ants with pitfall traps: digging-in effects. Insectes Sociaux
20(4):343-353 DOI 10.1007/bf02226087.

Hansen JE, New TR. 2005. Use of barrier pitfall traps to enhance inventory surveys of epigaeic
Coleoptera. Journal of Insect Conservation 9(2):131-136 DOI 10.1007/s10841-004-5537-4.

Homburg K, Homburg N, Schéfer F, Schuldt A, Assmann T. 2014. Carabids.org—a dynamic
online database of ground beetle species traits (Coleoptera, Carabidae). Insect Conservation and
Diversity 7(3):195-205 DOI 10.1111/icad.12045.

Boetzl et al. (2018), PeerdJ, DOI 10.7717/peerj.5078 12/14


http://dx.doi.org/10.7717/peerj.5078#supplemental-information
http://dx.doi.org/10.7717/peerj.5078#supplemental-information
http://dx.doi.org/10.1002/ece3.2176
http://dx.doi.org/10.14411/eje.2009.083
http://dx.doi.org/10.14411/eje.2010.036
http://dx.doi.org/10.14411/eje.2018.003
http://tarwi.lamolina.edu.pe/~fmendiburu
http://dx.doi.org/10.1111/j.1442-9993.2009.02007.x
http://dx.doi.org/10.1002/ecs2.1790
http://dx.doi.org/10.2307/2632
http://dx.doi.org/10.1007/bf02226087
http://dx.doi.org/10.1007/s10841-004-5537-4
http://dx.doi.org/10.1111/icad.12045
http://dx.doi.org/10.7717/peerj.5078
https://peerj.com/

Peer/

Hossain Z, Gurr GM, Wratten SD, Raman A. 2002. Habitat manipulation in lucerne Medicago
sativa: arthropod population dynamics in harvested and ‘refuge’ crop strips. Journal of Applied
Ecology 39(3):445-454 DOI 10.1046/j.1365-2664.2002.00729.x.

Joosse ENG, Kapteijn JM. 1968. Activity-stimulating phenomena caused by field-disturbance in
the use of pitfall-traps. Oecologia 1(4):385-392 DOI 10.1007/bf00386692.

Kotze DJ, Brandmayr P, Casale A, Dauffy-Richard E, Dekoninck W, Koivula MJ, Lovei GL,
Mossakowski D, Noordijk J, Paarmann W, Pizzolotto R, Saska P, Schwerk A, Serrano J,
Szyszko J, Taboada A, Turin H, Venn S, Vermeulen R, Zetto Brandmayr T. 2011. Forty years
of carabid beetle research in Europe—from taxonomy, biology, ecology and population studies
to bioindication, habitat assessment and conservation. Zookeys 100:55-148
DOI 10.3897/z00keys.100.1523.

Kuznetsova A, Brockhoff PB, Christensen RHB. 2017. ImerTest Package: tests in linear mixed
effects models. Journal of Statistical Software 82(13):1-26 DOI 10.18637/jss.v082.113.

Lang A. 2000. The pitfalls of pitfalls: a comparison of pitfall trap catches and absolute density
estimates of epigeal invertebrate predators in Arable Land. Journal of Pest Science 73:99-106
DOI 10.1007/bf02956438.

Lange M, Gossner MM, Weisser WW. 2011. Effect of pitfall trap type and diameter on vertebrate
by-catches and ground beetle (Coleoptera: Carabidae) and spider (Araneae) sampling. Methods
in Ecology and Evolution 2(2):185-190 DOI 10.1111/j.2041-210X.2010.00062.x.

Morrill WL, Lester DG, Wrona AE. 1990. Factors affecting efficacy of pitfall traps for beetles
(Coleoptera: Carabidae and Tenebrionidae). Journal of Entomological Science 25(2):284-293
DOI 10.18474/0749-8004-25.2.284.

Miiller-Motzfeld G. 2006. Band 2: Adephaga 1: Carabidae (Laufkifer). In: Freude H, Harde KW,
Lohse GA, Klausnitzer B, eds. Die Kifer Mitteleuropas. Berlin and Heidelberg:
Spektrum-Verlag, 521.

Oksanen J, Blanchet FG, Kindt R, Legendre P, Minchin PR, O’Hara RB, Simpson GL,
Solymos P, Stevens MHH, Wagner H. 2013. Vegan: Community Ecology Package. R package
Version 2.0-10 ed. Available at https://github.com/vegandevs/vegan.

Paradis E, Claude J, Strimmer K. 2004. APE: analyses of phylogenetics and evolution in
R language. Bioinformatics 20(2):289-290 DOI 10.1093/bioinformatics/btg412.

R Development Core Team. 2016. R: A Language and Environment for Statistical
Computing. Version 3.3.1. Vienna: R Foundation for Statistical Computing. Available at
https://www.r-project.org/.

Schirmel J, Lenze S, Katzmann D, Buchholz S. 2010. Capture efficiency of pitfall traps is highly
affected by sampling interval. Entomologia Experimentalis et Applicata 136(2):206-210
DOI 10.1111/j.1570-7458.2010.01020.x.

Schmidt MH, Clough Y, Schulz W, Westphalen A, Tscharntke T. 2006. Capture efficiency and
preservation attributes of different fluids in pitfall traps. Journal of Arachnology 34(1):159-162
DOI 10.1636/t04-95.1.

Schneider G, Krauss J, Boetzl FA, Fritze M-A, Steffan-Dewenter 1. 2016. Spillover from adjacent
crop and forest habitats shapes carabid beetle assemblages in fragmented semi-natural
grasslands. Oecologia 182:1141-1150 DOI 10.1007/s00442-016-3710-6.

Skvarla MJ, Larson JL, Dowling APG. 2014. Pitfalls and preservatives: a review. Journal of the
Entomological Society of Ontario 145:15-43.

Smith BJ. 1976. A new application in the pitfall trapping of insects. Transactions of the Kentucky
Academy of Science 37:94-97.

Boetzl et al. (2018), PeerdJ, DOI 10.7717/peerj.5078 13/14


http://dx.doi.org/10.1046/j.1365-2664.2002.00729.x
http://dx.doi.org/10.1007/bf00386692
http://dx.doi.org/10.3897/zookeys.100.1523
http://dx.doi.org/10.18637/jss.v082.i13
http://dx.doi.org/10.1007/bf02956438
http://dx.doi.org/10.1111/j.2041-210X.2010.00062.x
http://dx.doi.org/10.18474/0749-8004-25.2.284
https://github.com/vegandevs/vegan
http://dx.doi.org/10.1093/bioinformatics/btg412
https://www.r-project.org/
http://dx.doi.org/10.1111/j.1570-7458.2010.01020.x
http://dx.doi.org/10.1636/t04-95.1
http://dx.doi.org/10.1007/s00442-016-3710-6
http://dx.doi.org/10.7717/peerj.5078
https://peerj.com/

Peer/

Ward DF, New TR, Yen AL. 2001. Effects of pitfall trap spacing on the abundance, richness and
composition of invertebrate catches. Journal of Insect Conservation 5(1):47-53
DOI 10.1023/a:1011317423622.

Williams IH, Ferguson AW, Kruus M, Veromann E, Warner DJ. 2010. Ground beetles as
predators of oilseed rape pests: incidence, spatio-temporal distributions and feeding.
In: Williams IH, ed. Biocontrol-Based Integrated Management of Oilseed Rape Pests. Berlin:
Springer-Verlag, 115-149.

Winder L, Holland JM, Perry JN, Woolley C, Alexander CJ. 2001. The use of barrier-connected
pitfall trapping for sampling predatory beetles and spiders. Entomologia Experimentalis et
Applicata 98(3):249-258 DOI 10.1046/j.1570-7458.2001.00781.x.

Boetzl et al. (2018), PeerdJ, DOI 10.7717/peerj.5078 14/14


http://dx.doi.org/10.1023/a:1011317423622
http://dx.doi.org/10.1046/j.1570-7458.2001.00781.x
https://peerj.com/
http://dx.doi.org/10.7717/peerj.5078

	It’s a matter of design-how pitfall trap design affects trap samples and possible predictions
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


