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Abstract

The efficiency of fenced pitfall traps for estimating the density of commonly occurring epigeal predatory beetles
was examined using mark-release-recapture. Most beetles of those recovered were recaptured within one week
of their release. For seven of the ten species tested recapture rates were over 70%, with higher rates for the
larger species. The predatory arthropod species composition captured using fenced pitfall traps was compared
to unfenced pitfall traps in winter wheat, spring barley and winter oilseed rape. Compositional analysis revealed
that the dominance structure of seven carabid beetle (Coleoptera: Carabidae) taxa differed between the trap types
and month of sampling in winter wheat and spring barley, but differences were small with the exception of a few
taxa. Linear relationships between the two techniques were found for some carabid and rove beetles (Coleoptera:
Staphylinidae). The dominance structure of seven linyphiid spider (Araneae: Linyphiidae) taxa differed between the
two trap types in wheat but not barley, although large differences were restricted to two taxa. No linear relationships
between the two techniques were found for any of the Linyphiidae examined. Rove beetles were more effectively
sampled using the fenced compared to unfenced pitfall traps.

Introduction nigues which reliably provide a measure of population
density were identified as being the most useful and
Obtaining reliable data on the density of invertebrates these included suction sampling and fenced pitfall
in agroecosystems is essential if their ecology, their traps. However, the most widely used method is un-
importance as biocontrol agents and the impact of fenced pitfall trapping, a technique which is known to
agricultural practices is to be accurately determined. be affected by a wide range of factors and in particu-
However, because of the limitations in the most com- lar activity of the animals being trapped (Luff, 1975;
monly used sampling methods such density estimatesAdis, 1979; Halsall & Wratten, 1988; Sunderland
are often difficult to obtain. A variety of sampling et al., 1995). Comparisons between different methods
techniques exist for epigeal invertebrates but these are also rare but such information would be useful
vary considerably in their effectiveness at trapping when trying to select the appropriate technique for
each species and so the proportion of the populationthe species under investigation. In addition, if reliable
sampled may differ between techniques. The range correlations can be found between techniques it may
of species sampled also differs between techniques.be possible to compare results between studies where
Many of the techniques for sampling invertebrate different techniques were used.
predators in agroecosystems were recently reviewed Fenced pitfall traps, which consist of a pitfall trap
by Sunderland et al. (1995) and these authors con- surrounded by an enclosure of between 0.25-120 m
cluded that good data were lacking on the proportion have been shown to be suitable for estimating the
of the population sampled using these methods. Tech-density of ground-active invertebrates, notably Cara-
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bidae (Coleoptera). These traps also act as emergencevercome by using a combination of suction sampling
traps (Helenius, 1995). The enclosures have been con-and surface searching which has been shown to pro-
structed of wood (e.g., Dennison & Hodkinson, 1984) vide accurate estimates of spider densities (Sunderland
or metal (e.g., Bonkowska & Ryszkowski, 1975) with & Topping, 1995). Alternatively, repeated sampling
the tops of the enclosures covered with a fine mesh. within a frame using the stronger suction of a narrower
Ensuring that the traps are completely sealed is es-nozzle can be used to collect larger species but sample
sential to prevent ingress or egress. The proportion sorting times are high at up to one hour per sample
of the population sampled using fenced pitfall traps (Dinter, 1995). Suction sampling, however, unless re-
have been evaluated for some species using mark-peated many times still only provides a snapshot in
recapture in pasture (Desender et al., 1985), woodlandtime of the species present. Furthermore, because it
(Dennison & Hodkinson, 1984) and rye and potato cannot be used when foliage is wet and is often limited
crops (Bonkowska & Ryszkowski, 1975). These stud- to daylight, it may underestimate nocturnal species,
ies revealed that recapture efficiency was high, up to which include most of the Carabidae found in agri-
96%, especially for the larger species. The technique cultural habitats (Thiele, 1977). Thus fenced pitfall
therefore appears to be accurate for some speciestraps, although more laborious to set up than suction
(Sunderland et al., 1995) with estimates being simi- sampling, overcome many of the limitations outlined
lar to those from soil sampling (Desender & Maelfait, above and provide cleaner samples that are quicker to
1983). The technique has mostly been used to estimatesort and identify.
densities of Carabidae (Basedow, 1973; Bonkowska  Pitfall trapping is the most commonly used epigeal
& Ryszkowski, 1975; Baars, 1979; Dennison & Hod- invertebrate sampling method. This is because it is
kinson, 1984; Desender & Maelfait, 1986; Helenius, cheap and quick, allowing many samples to be taken.
1995; Ulber & Wolf-Schwerin, 1995) but relatively  The technique provides some estimation of diversity
little information exists for other taxa. Fenced pitfall for Carabidae (Ulber & Wolf-Schwerin, 1995) and
traps were also used to measure densities of somewandering spiders (Uetz & Unzicker, 1976). Only in
Araneae and Staphylinidae (Coleoptera) (Basedow & specific circumstances can they be used for estimat-
Rzehak, 1988) and non-predatory invertebrates (Gist ing abundance and for a limited number of species.
& Crossley, 1973). The disadvantages of pitfall traps are numerous be-
Fenced pitfall traps are relatively fast and easy to cause capture efficiency is affected by many factors
establish and consequently are less time-consumingand therefore their capture rate is a result of abun-
compared to other density estimation techniques suchdance, activity and species trappability (Adis, 1979;
as soil flooding (Desender & Segers, 1985), microhab- Sunderland et al., 1995).
itat removal (Edwards & Fletcher, 1971) or the combi- In this study, mark-release-recapture was used to
nation of suction sampling, ground searching, isolat- investigate the efficiency of fenced pitfall traps for ten
ing and removing trapping used by Sunderland et al. predator beetle taxa in a spring barley crop. Beetle
(1987). Fewer species may be collected in fenced pit- activity as a result of intra-species and inter-species
fall traps compared to photoeclectors (Funke, 1971); interaction may influence capture rate and efficiency,
the latter are comprised of a similar sized enclosure fit- therefore different densities of beetles were released in
ted with a pitfall trap and a light trap. However, fenced our experiments. The composition of species captured
pitfall traps are cheaper to construct and consequently using fenced pitfall traps was then compared to un-
suitable for more extensive studies. Suction sampling fenced pitfall traps. This was carried out as part of the
is the only widely adopted method used to provide an LINK Integrated Farming Systems Project in which
estimate of invertebrate density. The efficiency of this beneficial arthropods are monitored as bioindicators of
technique has been evaluated for a range of inverte-farming practice (Holland et al., 1994). Sampling us-
brate taxa (Duffey, 1980; Bayon et al., 1983; Hand, ingthese two methods was carried out at the same time
1986; Sunderland & Topping, 1995) and has been and analysed to compare the relative efficiency of each
found to have a number of limitations. The suction method for a range of Carabidae, Staphylinidae and
power limits the technique to smaller species (Bayon Araneae commonly found in agricultural ecosystems.
et al.,, 1983) and is also affected by the vegetation
cover (Hand, 1986) and the species’ vertical strat-
ification (Topping & Sunderland, 1994; Sunderland
& Topping, 1995). Some of these limitations can be
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Materials and methods could be identified. After marking, the beetles were
held until the evening to ensure mortality did not oc-
Evaluation of fenced pitfall traps using mark-release- cur. They were then released into the enclosures with
recapture (MRR). In 1995 three experiments (1-3) the pitfall traps covered to allow a settling in period.
were carried out using wooden fenced pitfall traps. The following day the pitfall trap covers were re-
Each trap consisted of a square wooden enclosuremoved and capture of marked and unmarked beetles
(0.5 mx 0.5 m) with a height of 0.24 m, which could was then monitored on a daily basis for two weeks
be collapsed for ease of transport. The top was coveredin 1995, by which time capture of marked beetles
with muslin secured using a band of tight elastic. The had ceased. Traps were assessed every two days for
enclosure was secured into the ground to a depth of a total of 10 days after release in 1996. Captured in-
12-25 mm. A single pitfall trap (9.5 cm diam.) was sects were identified and sexed according to Holliday
located in the middle of one edge of each enclosure. (1977). Minimum and maximum temperature, rainfall
The crop within the enclosures was cut to a height of and humidity were recorded daily within and outside
10 cm to allow the tops to be fitted. the enclosures because invertebrate activity can be ef-
Two 6 x 4 grids of 24 fenced pitfalls with traps fected by these factors (Luff, 1987). Crop density may
spaced at 2-m intervals were set up in a field of spring also affect activity (Honek, 1988) and was therefore
barley, one on 20 July 1995 and one on 24 July 1995. measured in each enclosure by counting the number
The pitfall traps, containing a water solution (4% of individual plants.
formaldehyde and 0.05% detergent), were left open
for two weeks prior to the start of the mark-release- Data analysis. The capture efficiency (CE) of the
recapture to remove natural populations of beetles traps for each beetle species and density in each ex-
which otherwise may have influenced the activity of periment was calculated by dividing the total number
the marked invertebrates. During this two week period of marked beetles recaptured by the total number of
in each set of grids 1.1 and 1.7 unmarked carabids of marked beetles released. The CE data for each experi-
the species used in the MRR study were captured perment was analysed separately using two-way factorial
fenced pitfall trap. Experiments 1 and 3 were carried ANOVA with beetle species and density as factors.
out in the grid established on 20 July 1995 and ex-
periment 2 used the grid set up on 24 July 1995. In Comparison of fenced pitfall traps and pitfall traps.
1996 one experiment was carried out using 0.25 m During 1995 and 1996 pitfall traps and fenced pitfall
fenced pitfall traps constructed of aluminium, riveted traps were used to monitor invertebrates at the LINK
at the corners with the top covered by a fine insect Integrated Farming Systems Project site in Hampshire,
proof mesh, attached to a wooden frame. A<64 UK. At this site there are nine pairs of plots in which
grid of 24 fenced pitfalls with traps spaced at 2-m integrated and conventional farming systems are com-
intervals was set up in rough grassland on 21 May. pared through a five-course rotation of cereals and
As in the previous experiments the pitfall traps were break crops. Each plot was a minimum of four ha
left open for two weeks prior to the start of the mark- and had a minimum width of 1200 m. Within each plot
release-recapture study to reduce invertebrate numbersa transect of four pitfall traps (9.5 cm diam.), 10 m
within the enclosures. In each experiment there were apart, starting 30 m from the field boundary and ex-
four insect species each at three densities (4, 8 or 12tending into the field were used. Each pitfall trap was
exceptin experiment 3 where there were 2, 4 or 8) with partly filled with water and detergent and left open
two replicates of each density. Each treatment was ran-for five days. At the same time an adjacent transect
domly distributed in the traps for each experiment. of four fenced pitfall traps was established 10—-20 m
Pterostichus melanariuglliger (Coleoptera: Cara-  from the pitfall traps with the same distance between
bidae) was used in each experiment to act as a standardraps as for the pitfall traps. The wooden fenced pit-
against which the other species could be compared. fall traps were of the same design as those described
Beetles for mark-release-recapture were collected above but with the addition of a high guiding plate
from the surrounding habitat and stored &t@ with (0.45 m lengthx 0.2 m high) which was placed over
abundant food. Each individual was marked, using the pitfall trap thereby dividing the enclosure in half to
typeface correction fluid ‘Tippex’ which was shown increase capture in the pitfall trap. As needed the crop
to be non-toxic, with a unique code so that any es- within the enclosures was cut to a height of 10 cm to
capees who found their way into another enclosure allow the tops to be fitted. The traps were operated for
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two weeks each month from April to June relocating which the species was captured. The likelihood of cap-
them each time. A range of Carabidae, Staphylinidae, ture in the fenced compared to unfenced pitfall traps

Linyphiidae and Lycosidae were identified to species,
genus or family providing 23 different taxa.

Data analysis. The total number of taxa and their
number per pitfall trap per day or fenced pitfall traps
per n? were calculated using data from both years. A
more detailed analysis of the Carabidae and Linyphi-
idae, both of which are predominantly ground-active,
was carried out to determine if the proportion of each
taxon differed between the two trap types and whether
month of sampling was important. The proportions
of each taxa sum to one for each trap type (unit-
sum constraint) and so exhibit linear dependence.
To overcome this limitation, compositional analysis
(Aitchison, 1986; Aebischer et al., 1993) was used,
the principles of which are as follows. In a data set
with D taxa, let us takepas the proportion of a taxon

x caught in a trap. We havexi + ... + xp 1.

For any one taxon j, the logratio transformatign—=
InCx;/x;) i = 1...D, i # j) renders they; linearly
independent (Aitchison, 1986). The logratigsare
unconstrained and suitable for multivariate analysis of
variance and covariance (Aitchison, 1986). Hypothe-
ses can be tested using the likelihood ratio (Wilks
Data were analysed from: 16 plots per month for April
to June in winter wheat; eight plots per month for May
to June in spring barley and 12 plots for April in winter

oilseed rape. The extensive growth of oilseed rape pre-

vented sampling with fenced pitfall traps beyond this

date. Because of the replication available only seven
of the most frequently caught carabid and linyphiid

taxa were selected for analysis. A multivariate analysis
of variance was performed on the transformed data to
examine the effect of trap type, month of sampling and
interaction effects. The relationship between numbers
captured using the two techniques for all crops and

may have differed according to the relative abundance
of each taxon, therefore, the proportion of the total
traps in which a taxon was captured was compared for
each trap type using paired t-test and their linear re-
lationship examined. The analysis was carried out for
taxa from the Carabidae, Staphylinidae and Araneae.

Results

Evaluation of fenced pitfall traps.In each of the
first three experiments in 1995 marked beetles were
only captured for up to nine days after release with
the majority being captured in the first day. The
CE only differed significantly for species in experi-
ment 2 (B 12 = 54.0, P<0.001) and experiment 4
(F3.12 = 8.4, P<0.01). There were no significant ef-
fects for density and neither were there any interaction
effects. In experiment 2 the CE f&embidion ob-
tusumServille was significantly lower than the other
three species (Tukey,0.05) and in experiment 4
the CE forBembidion lampros$ierbst differed signif-
icantly (Tukey, R<0.05) from that forP. melanarius
andHarpalus rufipedDeGeer. There was some varia-
tion in the rate of capture between species and between
experiments foP. melanariugTable 1). In experiment
3 few insects were recaptured and this was attributed to
the extremely hot, dry conditions. The maximum tem-
perature and minimum humidity within the enclosures
in experiment 3 was 39.7C and 34% r.h. respectively
compared to 32.5C and 51.5% r.h. in experiment 1.
The CE was high £80%) for the larger species
(P. melanariusH. rufipes Nebria brevicollig=abricius
andAmara familiarisDuftschmid) and declined con-
siderably «60%) for the third experiment (Table 1).
Multiple regression analysis showed there was no re-

months was also examined for each taxon using linear lationship between capture efficiency and crop density

regression after log (x + 1) transformation.
The number of carabid and linyphiid taxa was

or proportion of males:females caught.
A number of unmarked invertebrates were also

compared between the two trap types for each month captured within the fenced pitfall traps. In the four ex-

and crop using-tests with Bonferroni adjustment.

Data for Staphylinidae are given but few species in this
family are ground active and pitfall traps are thought
therefore an inappropriate method (Sunderland et al.,
1995). To determine whether carabid beetle size ef-
fected the likelihood of capture in either trap, average

periments there were an average of only 0.4 unmarked
Carabidae per trap, comprising mainly Bémbid-

ion spp., compared to three Staphylinidae per trap of
which 50% were Aleocharinae and two Linyphiidae
per trap.

carabid beetle size for each species obtained from Comparison of pitfall and fenced pitfall trapsThe
(Harde, 1984) was compared using regression analysiscompositional analysis revealed that the relative pro-

to the abundance and the proportion of the total traps in

portions of different carabid taxa sampled in wheat
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Table 1. Mean capture efficiency (CE) for each species in the fenced pitfall traps
from experiments 1-4

Species Mean CE Stdevof CE MaxCE MinCE
Experiment 1

Pterostichus melanarius 0.85 0.12 1 0.75
Bembidion lampros 0.72 0.17 1 0.5
Harpalus rufipes 0.96 0.10 1 0.75
Nebria brevicollis 0.81 0.15 1 0.63
Experiment 2

Pterostichus melanarius 0.94 0.10 1 0.75
Bembidion obtusum 0.14 0.24 0.63 0
Coccinella 7-punctata  0.76 0.15 0.92 0.5
Amara familiaris 0.96 0.07 1 0.83
Experiment 3

Pterostichus melanarius 0.35 0.39 1 0
Notiophilus biguttatus  0.58 0.34 0.75 0
Agonum dorsale 0.33 0.38 0.38 0
Loricera pilicornis 0.29 0.33 0.75 0
Experiment 4

Pterostichus melanarius 0.91 0.09 1 0.75
Bembidion lampros 0.33 0.29 0.75 0
Harpalus rufipes 0.81 0.10 1 0.75
Amaraspp. 0.63 0.30 1 0.25

and barley differed between the two trap types and this  Significantly (R<0.001) fewer carabid and linyphiid
varied with the month, but there was no interaction taxa were captured using the fenced pitfall compared
effect (Table 2). Overall for the majority of carabid to the unfenced pitfall traps during April in all three
taxa the relative differences between the trap types crops but this difference decreased in the following
were small £10%) (Figures 1a and b). Some taxa months (Table 4). It was those taxa caught less fre-
were consistently caught more by one trap type than quently in the pitfall traps, for examplasaphidion

the other in the cereal crops: the proportionB&fm- flavipesLinnaeus and_oricera pilicornis Fabricius,
bidion spp. andTrechusspp., two small beetles, were that were not captured using the fenced pitfall traps,
greater in the fenced pitfall traps whilst brevicollig indicating that they were present at too low a density
Amaraspp. andPterostichuspp., three larger beetles, (Table 3).

predominated in the unfenced pitfall trajgeembidion For six of the ten beetle taxa tested there was a

spp. were the most abundant taxa in barley (Figure 1b) significant linear relationship between the two tech-
and in the early wheat samples (Figure 1a). Consid- niques (Table 5) although most of these exhibited
ering the relative proportions of linyphiids in wheat relatively high variability. No significant relationships
and barley there was a significant interaction between were found for any of the Linyphiidae. The fenced pit-
trap type and month for both crops (Table 2). The falls captured over twice the proportion of Staphylin-
pitfall traps contained a higher proportionBfigone idae in wheat and oilseed rape and for most of the taxa,
spp. during April and May but not in June. In oilseed whilst Linyphiidae were captured in approximately
rape there was no significant difference between the equal proportions (Table 3).
trap types for Carabidae or Linyphiidae (Table 2). The There were no significant relationships between
most frequently captured taxa were similar for each carabid beetle size and abundance or the proportion
crop type (Table 3). of the total traps in which the species was captured.
There was a significant difference between the trap
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Table 2. Compositional analysis results comparing trap type and month of sampling for seven carabid
and linyphiid taxon in winter wheat, spring barley and winter oilseed rape

Crop Test Carabidae Linyphiidae
Test Wilk'sx  F-statistic Wilk'sx  F-statistic
Wheat  Trap 0.73 &g5 = 5.2 0.82 Fs.85 = 3.2**
Month 0.33 F2170 = 10.6** 0.55 F2170 = 4.8*
trap*month 0.88 fr2170= 0.9 0.70 F2170 = 2.8"*
Barley  Trap 0.50 523 = 3.8 0.77 Fs23 =11
Month 0.31 f5,23 = 8.6** 0.37 F5,23 = 6.6
trap*month 0.70 B23=16 0.44 Fe.03 = 4.9
WOSR  Trap 0.93 E20=05 0.63 17=16

(P<0.00F=***, P<0.01="*, P<0.05=%).

types in the proportion of traps from which each taxon

was captured. For the Carabidae=£ 3.5, n = 13,

P<0.01) and Araneaer (= 4.3, n = 9, P<0.01) 100
each taxon was more likely to be captured in the un- ¢ Carabidac /e
fenced pitfall traps, whereas Staphylinidae< —2.6, ® Staphylinidae /
n = 6, P<0.05) were more likely in the fenced pitfall 90 1 A Asancac /

. . Carabidae (y=0.75x1.33) /
traps (Figure 2). The slope for Carabidae and Araneae e Suphylnidac 10T 1) @ ,

was also shallower indicating that for the more wide- Araneas (y=0.57+10.5) g

spread taxa capture in the unfenced pitfall trap was
more likely compared to the fenced pitfall trap. The
slope for Staphylinidae was near to 1.0 indicating that 74
capture was equally likely in either trap regardless of
numbers caught.

o
=]
L

Discussion

Many of the methods used for estimating invertebrate
abundance have been only poorly evaluated (Sunder-:
land et al., 1995). The mark-release-recapture study
demonstrated the potential efficiency of fenced pitfall
traps, with the majority of known invertebrates present 304
within enclosures being recaptured. Recovery rates
were similar to those found in previous studies where
these were 95% fd?. melanariusn pasture (Desender

et al.,, 1985), 66—-100% faPterostichusspp., Abax
spp. and\ebriaspp. in woodland (Dennison & Hod- 10
kinson, 1984) and 96% for carabids in rye and potato .
crops (Bonkowska & Ryszkowski, 1975). The poor
capture rates in experiment 3 were most likely a re-
sult of changes in the insects behaviour, as shown by
the lower capture rate far. melananusand were not ._Figure 2. Proportion of fenced compared to unfenced pitfall traps
because the traps were less efficient for these species;, which each taxon was recorded.

High temperatures and low humidity are known to

induce diapause in Carabidae (Forsythe, 1987). Mor-

tality may also have occurred although no dead beetles

% in fenced pitfall traps
w
(=4

40 4

20 4

20 40 60 80 100

% in unfenced pitfall traps



Table 3. Total proportion of each taxa captured per crop in the pitfall and fenced pitfall traps

Taxa identified Winter wheat Spring barley WOSR

(April-June) (May—June (April)

Pitfall  Fenced Pitfall  Fenced Pitfall  Fenced

pitfall pitfall pitfall

Agonum dorsale 0.2 0.6 0.7 1.1 0.0 0.0
Amaraspp. 3.3 15 3.0 0.1 1.8 1.6
Asaphidion flavipes 0.6 0.1 0.3 0.0 4.7 2.6
Bembidion lampros 10.8 8.0 25.7 15.3 3.1 6.4
B. obtusum 3.2 7.2 8.3 22.2 7.0 3.6
Harpalus affinus 1.0 0.6 0.7 0.2 0.9 0.0
H. rufipes 2.8 2.1 0.6 0.8 0.0 0.0
Loricera pilicornis 15 0.1 0.3 0.0 2.6 0.0
Nebria brevicollis 11.9 2.6 2.5 0.7 0.3 0.3
Notiophilus biguttatus 1.7 0.7 1.6 0.8 8.1 1.0
Pterostichus melanarius 7.3 4.2 4.2 2.3 0.0 0.0
P. madidus 0.7 11 2.2 1.8 1.0 0.0
Trechus quadristriatus 4.3 4.9 1.0 2.2 8.2 8.4
Total Carabidae 49.4 33.6 51.1 47.4 37.6 23.8
Aleocharinae 7.5 16.4 11.7 13.1 12.8 30.8
Anotylusspp. 4.2 45 12 3.2 0.3 4.1
Philonthus cognatus 1.0 1.8 2.7 2.0 1.3 0.1
Philonthusspp. 0.1 0.5 0.4 0.1 0.0 0.2
Tachyporusspp. 3.2 9.9 3.9 6.7 0.8 10.8
Xantholinus glabratus 0.0 1.0 0.0 0.4 0.0 0.0
Total Staphylinidae 16.1 34.0 20.0 255 15.3 46.0
Bathyphantespp. 0.9 0.9 0.5 0.5 1.3 0.0
Erigonespp. 16.5 11.9 14.6 12.4 25.3 15.3
Lepthyphantespp. 1.7 0.7 15 0.4 1.9 0.0
Meionetaspp. 3.4 3.8 3.1 4.9 9.3 3.6
Milleriana spp. 1.8 1.6 1.3 1.6 15 1.8
Oedothoraxspp. 5.0 6.5 4.2 3.9 3.9 3.4
Savigna frontata 2.3 2.1 0.2 1.0 1.8 3.4
Other linyphiids 11 3.0 2.8 1.9 0.1 0.6
Immature Linyphiidae 1.8 1.8 0.7 0.5 2.0 2.1
Total Linyphiidae 345 32.3 28.9 27.1 47.1 30.2

were found on the soil surface. The time required to re- Aleocharinae, and Linyphiidae, were captured during
capture all the marked beetles was relatively short with the course of each experiment indicating that either
most being caught within the first two days, therefore immigration was occurring, the initial trapping out
an operating period of one week would be sufficient was not completely effective or emergence within the
if the aim was to estimate numbers of active beetles. traps had occurred. It may also be possible for burrow-
Traps operating in the same position for longer would ing species to enter the enclosures but may be balanced
then also act as emergence traps, as used by Heleniudy an equal amount of migration.
(1995). The comparison of the two trapping techniques
No marked invertebrates were found transferring revealed that there were some differences in the rel-
between traps during the course of these experiments,ative proportions of each Carabidae and Linyphiidae
however, some small unmarked invertebrates, notably taxa which were caught. Furthermore, there was more
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Table 4. Number of carabid and linyphiid taxa captured using the unfenced and fenced pitfall traps in three different crops during
April to June and results of t-test comparing taxa captured using the two methods

Crop Month Carabidae Linyphiidae
Pitfall Fenced pitfall  t Pitfall Fenced pitfall ¢
Mean SE Mean SE Mean SE Mean SE
Wheat April 6.8 0.6 2.7 0.4 o* 4.5 0.3 2.8 0.4 37
(30d.f) May 7.0 0.6 6.4 0.5 0.8 5.6 0.4 3.2 04 %0
June 7.5 0.4 7.1 0.6 0.6 6.6 0.3 6.1 0.3 1.3
Barley May 5.9 0.6 35 0.4 3*3 2.8 0.5 3.6 0.7 1.0
(14 d.f) June 5.6 0.3 5.3 0.4 0.7 5.8 0.6 4.1 0.5 21
Oilseed rape  April 5.0 0.5 21 0.3 &7F 5.1 0.2 2.6 0.5 0.4

(P<0.00F=***, P<0.01=**, P<0.05=*).

Table 5. Significant relationships between invertebrate catch in
fenced and unfenced pitfall traps

2

the cereal and grass meadows studied by Mommertz
et al. (1996).

Genus Relationship r Significance The relationship between the trapping techniques
— 080r +063 024 R0001 may also have varied through time because of differ-
embidiorspp. = 985 +9. ' : ences in the activity of individual species. Increased
Harpalusspp. y=166x+035 041 R0.001 ..
. activity can be caused by many factors such as hunger
Pterostichuspp. y =093xr+0.51 042 R0.001 . . : . .
or breeding behaviour and this would increase their
Trechusspp. y=109%+042 0.33 R0.001 likelihood of t . itfall t Adis. 1979
Anotylusspp.  y=11r +063 036 R0.001 ikelihood of capture in a pitfall trap (Adis, 1979).
Tachyporuspp.  y — 1.32¢ + 049 0.34 R0.001 This can be overcome by taking samples using pit-

fall traps throughout the whole year and using the
totals, thereby overcoming seasonal variation in activ-
ity occurring in response to environmental conditions.
This method was used by Baars (1979) who found
chance that taxa from these two groups would be cap- g4rong relationships between densities of beetles es-

tureq in the unfenced pitfqll traps regardless of their i \otaq by trapping within enclosures compared to
relative abundance. The differences between some of | \tanced pitfall traps. Our study also showed that un-

the taxa studied were, however, relatively small and ¢oceq pitfall traps, despite all their limitations, can

this explains why there were some linear relationships ,4yige some estimate of beetle density although the
between the two techniques. The Staphylinidae were relationships found between beetle density and un-

more likely to be captured in the fenced pitfall traps. fanced pitfall traps were weaker than those found by
Thig was probably because enclosing them _altered Baars. However, whole-year sampling is very labour
their behaviour. They may have spent more time on jnensive and not always possible within annual crops.
the ground searching for a way out of the enclosures \yhere 4 robust relationship between the two trap types
and therefore increased their likelihood of encounter- 1< pheen shown then invertebrate densities could be

ing the pitfall trap. The differences between fenced ggtimated across a wider area in which only unfenced
and unfenced pitfall traps found by Mommertz et al. pitfall traps were present. It would, however, be pru-

(1996) were attributed to beetle body size with more et 1o confirm the relationship using some fenced
smaller carabid .beetles and sm.aller staphylinid beetlespitfa" traps operating alongside the unfenced traps.
belng captured in the fenced pitfall traps. _The_smaller Fenced pitfall traps are more suitable than un-
species were the most frequently caught in this study, tgnceq pitfall traps in studies where beetle activity
butin both trap types. Crop type and date of sampling 4y vary through the course of a study in response
may affect the numbers captured using unfenced pit- , experimental inputs. Insecticide trials, for exam-
fall traps because they are, to some extent, activity e re typically monitored using pitfall traps but may
dependant. Thus the relationship to the fenced trapsgive amisleading impression of the effect (Luff, 1987)

may change through the season and is the likely ex- pecqyse pesticides increase activity either through a
planation for the differences found here and between
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direct stimulatory effect (Miller & Adams, 1982; effective traps must be at sufficient density to be sam-
Heneghan, 1992) or by increased hunger (Mols, 1987) pled within the relatively small sampling area possible.
and searching for a scarcer prey. Capture efficiency is still dependent to some extent on

Comparative studies on the efficiency of pitfall activity and thus may be effected by environmental
and fenced pitfall traps have only rarely examined factors, such as temperature. These are overcome to
Araneae (Basedow & Rzehak, 1988) and only in de- some extent if the traps are in place for long enough.
tail for Lycosidae (Mommertz et al., 1996) although In this study most of the carabid species were captured
this family is highly unsuitable for assessment using within one week. They are advantageous compared to
fenced pitfall traps because they may move away as suction sampling because nocturnal species are also
investigators approach (Uetz & Unzicker, 1976). The trapped and the density of vegetation s less influential.
relative proportion of each linyphiid genus captured There is a need to standardise the enclosures con-
using unfenced and fenced pitfall traps was different struction and number of pitfall traps used to facilitate
in this study, although relatively small but no linear comparisons between studies.
relationships between the two techniques were found
confirming these differences. This would be expected
given the inefficiency of pitfall traps for Linyphi- Acknowledgements
idae (Topping & Sunderland, 1992). They, however,
continue to be used because of their ease of use inThe study was incorporated within the LINK IFS
extensive studies. Both techniques yielded very few project which is jointly funded by the Ministry
immature Linyphiidae and were probably underesti- of Agriculture, Fisheries and Food, Scottish Of-
mating their densities given that over a season only fice Agriculture, Environment and Fisheries Depart-
33% of those sampled were adult using a Dietrick ment, Zeneca Agrochemicals, H-GCA (Cereals and
Vacuum Sampler and surface searching (Topping & Oilseeds) and the British Agrochemicals Association.
Sunderland, 1992). The linyphiids were not separated The authors thank Mr's R and R Shephard and the
into different sexes although it is likely that the rela- Manydown Company for allowing access to study
tionship between the two techniques may differ with sites, Dr N. W. Sotherton for comments on this manu-
sex because males are more active than females andscript, Drs. N. J. Aebischer and J. Carroll for statistical
therefore more frequently captured in unfenced pitfall guidance and S. Thomas, Dr A. Macleod and Dr M.
traps. Hanley for assistance with fieldwork.
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