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Abstract. Pitfall traps catch surprisingly large numbers of ground dwelling invertebrates, including non-target
species. The aim of this study was to assess if pitfall traps can dramatically reduce the numbers of epigeic
invertebrates. Catches of two rows of pitfall traps, installed using a soil probe-cutter, and of which one row was
operated for one year and the second for two years, were compared. The traps were placed in a floodplain forest in
the Litovelské Pomoravi Protected Landscape Area. Common groups of soil invertebrates, specimens of Oniscidea,
Opiliones, Diplopoda, Chilopoda and Carabidae, were chosen as model groups. Trapping dramatically reduced
the numbers of Chilopoda and Carabidae. The supposed digging-in effect of the traps did not appear to affect the
catches recorded in this study.
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INTRODUCTION

Pitfall trapping is probably the oldest method of quantitative sampling of epigeic arthropods.
This method is simple, cheap and widely used (Pekar 2002). It is commonly used to provide in-
formation on the phenology, abundance and diurnal activity of species and for comparing several
populations (Topping & Sunderland 1992). Many factors can influence pitfall trapping, so it is
necessary to evaluate and interpret the data properly. The total number of individuals caught each
year can fluctuate (e.g. Tvardik 2001, Novak 1977). Thus it is important to know to what extent
this is caused by population characteristics or the over-catching of some species. Digweed et al.
(1995) indicate that the digging-in effect (higher attractivity of freshly dug traps) has a bigger
effect on total number of animals caught than the take-out effect (decimation of the population).
It is very important to distinguish between those two effects when trying to measure take-out
effect. Novak (1965) records the results of the take-up effect in a study on two groups of carrion
beetles (Silphidae). The first group consists of species that over-winter as larvae and the second
of species that over-winter as adults. The species of the second group are normally more abundant
but if the number of species that over-winter as adults decreases due to systematic catching the
number of species that over-winter as larvae increase in the following year. In contrast there are
data that indicate that during the first year of sampling a lower abundance of ground dwelling
invertebrates is recorded than in the following year. These results and those of other studies raise
the following questions: Can pitfall trapping of arthropods affect their population the following
year? Are some groups of epigeic macrofauna more sensitive than the others?
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MATERIAL AND METHODS

The locality studied (49° 65’ N; 17° 20’ E) is situated in the Olomouc region in the Litovelské Pomoravi Protected Land-
scape Area, ca. 2.5 km from the Horka nad Moravou village. The altitude is about 210 meters a. s. 1. Geological bedrock
is alluvial gravel-sand from the Morava River. The area is periodically flooded when the river flow is high. The mean
annual precipitation is 520 mm and the mean annual temperature is 9.1 °C. The experiment was carried out in a 50 year old
floodplain forest (Querco-Ulmetum Isler, 1926) with abundant oak, Canadian poplar, lime, maple and European ash.

Six traps (line A) were dug in at the beginning of May 2007. Traps were placed 10 m apart and were dug in using a soil
probe-cutter, which does not disturb the surrounding soil surface. Each trap consisted of a glass jar (0.7 1) in which a plastic
pot (10 cm high, 7 cm diameter) was inserted. The pot was filled with killing and preserving solution of 4% formaldehyde
in water. Horizontal metal barriers (75 cm long and 15 cm high) were installed to increase the catching ability of the traps.
Each trap was covered with a wire net, mesh size 2.5 cm, to prevent them from catching small vertebrates and leaves falling
in the traps. The trapping continued till December 2007 and samples collected every 14 days. In the 2008, a second line
of traps (line B) was installed 30 m from line A. In the second year samples were collected from line B (marked B1) and
also from line A (marked A1 and A2 to distinguish the samples collected in 2007 and 2008, respectively).

The following invertebrate groups were sorted and evaluated: terrestrial isopods (Crustacea: Isopoda: Oniscidea),
millipedes (Myriapoda: Diplopoda), centipedes (Myriapoda: Chilopoda), harvestmen (Chelicerata: Arachnida: Opiliones)
and ground beetles (Hexapoda: Coleoptera: Carabidae). The catches were compared using the programme NCSS 2004
(one-way ANOVA, Tukey-Kramer test). First the yearly catches of individual invertebrate groups were tested and then
the first two samples (i.e. samples from the first month) were removed in order to eliminate the digging-in effect.

RESULTS

Catches from the individual lines, where A1 is the catch of line A in the first year (2007), A2 the
catch of line A in the second year (2008) and B1 the catch in the first year (2008) of line B, were
compared. Catches A2 and B1 were collected in the same year. A total of nearly 5,000 individuals
of the target taxa were collected (Table 1). Whether the digging-in of the traps had an effect was
determined by comparing the relative size of the total catch of the first two samples with that of
the total catch. During the study period (7 months, 15 collections), the first two collections should
contain 13.3% of total catch if there is a uniform seasonal pattern of epigeic activity. It is assumed
a significant effect of digging-in would be indicated by a difference in the percentage of animals
caught in the first month by A1 and/or B1 versus A2 (Table 2).

Line B results were used to determine whether the differences were due to a decimation
effect or fluctuation in abundance resulting from differences in climate between the two years.
Differences between the lines A1 and B1 were affected mainly by climatic conditions and by the
position of the lines, which was minimized during installation. Differences between lines Al and
A2 were affected by length of trapping period (decimation effect) and differences in climate in

Table 1. Number of individuals caught and differences among catches in different years and for different lines of traps.
For the evaluation of digging-in effect, the same data after excluding the results for the first two samples are presented
in the columns on the right hand side of the table. Superscripts mark differences between catches of individual groups
in years and lines

whole season without first month
Al A2 Bl F P Al A2 Bl F p
Oniscidea 5572 952>  1083¢  10.23 0.00 4602 883b 999b 11.46 0.00
Diplopoda 1592 3282 531 13.19 0.00 992 1857 344> 20.08 0.00
Chilopoda 9420 562 100° 3.96 0.02 82ab 512 90P 3.04 0.05
Opiliones 382 582 92b 5.40 0.01 362 5420 72b 2.83 0.06
Carabidae 254 1652 374b 4.34 0.01 1212 812 174b 4.79 0.01
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Table 2. Evaluation of digging-in effect: percentage (%) of the catch in the first month in each year and line, where 13.33%
is the predicted percentage if the pattern of activity remains the same

Al A2 B1 F p
Oniscidea 18.07* 7.06° 7.50° 9.84 0.00
Diplopoda 39.35% 38.85% 32.77 0.36 0.71
Chilopoda 13.98* 10.412 10.05* 0.48 0.63
Opiliones 4.76* 15.83* 20.95% 0.25 0.79
Carabidae 52412 51.78* 55.29* 2.78 0.10

the two years. Differences between lines A2 and B1 were affected by length of trapping period
(decimation effect) and position of lines.

Terrestrial isopods (Oniscidea): a total of 2,592 individuals were caught, 557 in 2007 and 951
the following year by the same line of traps and 1080 individuals by line B1. These catches were
significantly different. There was no difference between the catches of lines A and B in the second
year when the digging-in effect was corrected for even though there was not a significant effect of
digging-in recorded in that year (Table 2). There was a clear digging-in effect evident in 2007.

Millipedes (Diplopoda): a total of 1,018 individuals were caught mostly by line B1. This catch
was significantly different from the catches recorded for line A. Digging-in did not affect this
pattern. Nevertheless, 40% of the millipedes were caught in the first month and this percentage
was also recorded in the second year.

Centipedes (Chilopoda): a total of 250 individuals were caught in two seasons, 94 by line Al
in 2007, 56 by the same line the following year and 100 by line B1. Catches of lines A2 and B1
differed even after correcting for the digging-in effect, which was not significant.

Total number of harvestmen (Opiliones) caught was 188. 38 of which were caught by line
Al in 2007, 58 the following year and 92 by line B1. The catches of A1 and B1 differed and did
not appear to be a result of digging-in. A digging-in effect was not obvious in the first year (A1)
but obvious the following year (B1).

Ground beetles (Carabidae): a total of 793 individuals were caught. Line A caught 254 indi-
viduals in the first year 2007 and 165 the following year, whereas line B caught 374 individuals.
The difference between lines A and B in the second year was significant even after correcting for
the digging-in effect. More than 50% of the carabids were caught in the first month after the traps
were set. The same pattern was also recorded in the second year of trapping (A2).

DISCUSSION

Excessive use of pitfall traps may potentially decimate ground dwelling invertebrates. This was
studied using two lines of pitfall traps the first of which was operated over a period of two years
and the traps in the other were set in the second year and operated for only one year. One possible
effect on the apparent decimation is so called digging-in effect (Digweed et al. 1995) in which
newly dug traps are attractive to ground beetles (and perhaps for other groups) and so generally
catch higher numbers of individuals.

Vegetation and the soil surface are damaged during the digging involved in setting the traps
and this could affect the results. An attempt was made to minimize this effect by using a circular
soil probe-cutter to install the traps and not including the first two catches in the analyses. A 4%
solution of formaldehyde was used as the conservation liquid in the traps, which is similar to
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the recommended 3—5% solution (Adis 1979). Low concentrations are more suitable because
formaldehyde attracts ground beetles and repels harvestmen (Pekar 2002).

There were significant differences in the catches of the traps in the A2 and B1 lines in terms
of terrestrial isopods and millipedes. This indicates the period of exposure affects the size of the
total catch although it is not possible to exclude the effect of trap position. Dramatically lower
numbers of both groups in the first year (A1) indicates high year-long fluctuations in abundance.
The summer months (VII-VIII) in 2008 were wetter and April was drier in 2007 just prior to the
start of this study (www.chmi.cz). The reaction of animals to changes in environmental factors
(e.g. humidity and precipitations) can be delayed. For example young harvestmen are more
sensitive to microclimate than adults. Therefore, the causes of fluctuations in abundance may be
due conditions experienced by the juveniles (Sechterova 1990). It was confirmed that the length
of time for which the traps were set affected the total catch of centipedes and ground beetles,
as the catches in the second year were significantly smaller; whereas the catches of the newly
set traps, line (B1), were significantly higher. The interpretation of the catches of harvestmen is
more difficult. Their pattern of catches was similar to catches of isopods and diplopods, but the
differences were not significant. Most of the species of ground beetles were large species of the
genus Carabus. Lang (2000) postulates that trap efficiency can correlate with body mass of the
animals. Therefore a lower amount of smaller species can be recorded than it should be in reali-
ty. Large species of ground beetles run on the soil surface more often than small species, which
results in proportionally more of the former being caught than of the latter (Blake et al. 1994). In
addition to species-specific characteristics environmental factors also affect the catch. Therefore,
the temperature, humidity, other climatic factors, vegetation cover, nature of the terrain and food
etc need to be taken into consideration. The activity of many invertebrate species is determined
by temperature (Benckiser 1997). Sroka & Finch (2006) indicate that soil humidity is the most
important factor affecting ground beetle activity. In summer when the temperature is high and
air humidity low ground beetles are less active. There is no decrease in the current data set that
can be attributed to diapause.

Predators, food availability or number of young induce dispersal in some species (Novak
1977). The number of individuals caught can be affected by resource availability as when a spe-
cies is abundant the individuals are likely to spend more time searching for food (intra-specific
competition). Even when population density is low, individuals can be more active due to inter-
specific competition (Sechterova 1990). Catching predatory species in pitfall traps can result
not only in a reduction in their abundance but also to an increase in the abundance of their prey.
For example the centipede Lithobius forficatus is one of the most important predators of small
isopods (Sunderland & Sutton 1980). Centipedes are eaten by ground beetles and rove beetles
(Snider 1984 in Benckiser 1997). Thus, it is likely that a decrease in centipede numbers could
result in an increase in isopod numbers the following year. It is reported that it is not predators
but climatic factors that are the biggest cause of mortality in isopods (Warburg et al. 1984). Thus
the extremely dry April and summer in 2007 (www.chmi.cz) may be the reason for the high
catch of terrestrial isopods recorded in the first month of 2007 (Table 2). There did not appear
to be a significant digging-in effect (significantly high catches after trap installation) as similar
percentage catches were recorded for all the groups at the beginning of the second year. These
results do not support those of Digweed et al. (1995) indicating that newly dug traps are more
attractive to ground beetles in pine-birch forest.

The effect of traps in over-catching was confirmed only for ground beetles and centipedes. It
may also be of some importance in determining the numbers of millipedes, terrestrial isopods
and even harvestmen. Therefore, pitfall traps should only used for short periods of time and then
removed.
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