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Abstract

Ground beetle data were generated using pitfall traps in the 17-year period from
1993 to 2009 and used to investigate the effects of changes in surrounding crop cover
on beetle activity and assemblages, together with the effects of weather variability.
Beetles were recorded from non-crop field margins (overgrown hedges). Crop
cover changes explained far more variation in the beetle assemblages recorded
than did temperature and rainfall variation. A reduction in management intensity
and disturbance in the crops surrounding the traps, especially the introduction and
development of willow coppice, was concomitant with changes in individual species
activity and assemblage composition of beetles trapped in non-crop habitat. There
were no consistent patterns in either overall beetle activity or in the number of species
recorded over the 17-year period, but there was a clear change from assemblages
dominated by smaller species with higher dispersal capability to ones with larger
beetles with less dispersal potential and a preference for less disturbed agroecosys-
tems. The influence of surrounding crops on ground beetle activity in non-crop habi-
tat has implications for ecosystem service provision by ground beetles as pest
predators. These results are contrary to conventional assumptions and interpreta-
tions, which suggest activity of pest predators in crops is influenced primarily by ad-
jacent non-crop habitat. The long-term nature of the assessment was important in
elucidation of patterns and trends, and indicated that policies such as agri-environ-
ment schemes should take cropping patterns into account when promoting manage-
ment options that are intended to enhance natural pest control.

Keywords: invertebrates, arable, grassland, willow coppice, hedges, ecosystem
services

(Accepted 22 November 2015; First published online 20 January 2016)

Introduction

Land cover, in its broadest sense, has a considerable effect
on the distribution of both ground beetle (Carabidae) species
and assemblages (Eyre et al., 2003; Woodcock et al., 2014).
Within a particular landscape, the extent and type of non-crop
habitat, together with spatial relationships among habitat
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patches, have been shown to influence both activity and spe-
cies richness in the agroecosystem (Schweiger et al., 2005).
Ground beetles, an invertebrate group of mainly generalist
predators, are abundant throughout most agroecosystems
(Holland et al., 2005) and thought to be an important group
of beneficial insects contributing to pest control (Symondson
et al., 2002).

Differences in agricultural management were thought to
influence activity of ground beetles with greater activity in or-
ganic wheat crops than in conventional (Mäder et al., 2002),
although further work showed few differences (Purtauf
et al., 2005). However, crop type has been shown to influence
activity with, for instance, Weibull & Östman (2003) reporting
greater activity differences between cereal and grass fields
than between different cereals. A combination of crop and
management differences produced profound effects on both
ground beetle activity and species assemblage composition
(Eyre et al., 2012). Increasedweed cover influences ground bee-
tle activity (Navntoft et al., 2006) and environmental enhance-
ment by vegetation manipulation has been advocated to
increase beneficial invertebrate activity by groups such as
ground beetles (Landis et al., 2005). The provision of ‘beetle
banks’ (MacLeod et al., 2004), withmore permanent vegetation
than in cropped fields, has been one approach to increase ac-
tivity of ground beetles for pest predation in the agroecosys-
tem via manipulation of vegetation cover.

Most investigations on the effects of environmental, agri-
cultural and land management involving ground beetle re-
cording have been short-term (one or two year) projects but
surveys carried out over longer time periods are needed to
identify changes in ground beetle activity and distribution.
One such scheme is the United Kingdom Environmental
Change Network (ECN), which has recorded ground beetles
in addition to a wide range of other parameters since 1993,
at 12 terrestrial sites in the UK (Sykes & Lane, 1996).
Morecroft et al. (2009) reviewed the range of physical, chemical
and biological data recorded from upland and lowland habi-
tats in the ECN, and identified a decline in ground beetles as-
sociatedwith cooler, northern and upland areas,whilst Brooks
et al. (2012) found varying trends among different habitats.

At one of the terrestrial ECN sites, Drayton Farm in
Warwickshire, UK, farm management has mirrored changes
in European and UK agricultural and environmental policies
since 1992, including the introduction of short-rotation willow
coppice as a crop for biomass fuel production and varying
European Union rules on set-aside. These data provided an
opportunity to examine the effects of relatively large changes
in crop cover andmanagement intensity on ground beetle spe-
cies and assemblages, and to assess the relative importance of
these management changes compared with variation in the
prevailing environment, specifically temperature and rainfall.
The results presented here are based on recording of ground
beetles at the Drayton site in the 17 years between 1993 and
2009.

Methods and materials

Study area

The Drayton site (52°11′42″N,1°45′44″W) is a lowland
mixed arable and grassland farm on heavy clay soil overlying
limestone and clay drift at an altitude of 40–80 m with mean
annual rainfall 630 mm and mean temperature 10.3°C. The
study area comprised 73.2 ha within the main farm, of

which 38.8 ha were arable and 34.3 ha were grassland in
1993. In 1996, the first 2.8 ha of willow coppice was planted
but subsequent planting in 2001 and 2002 increased this to
26.2 ha. Up to 17.1 ha of rotational set-aside per annum was
present from 1994 to 2005 (table 1).

Sampling

Ground beetles were sampled using standard a standard
ECN protocol (Sykes & Lane, 1996). The sampling regime
comprised three lines (A–C) of ten pitfall traps each, placed
at 10-m intervals along the non-crop field boundaries, each
comprising a tall hedge and wet ditch (Supplementary
Figure S1). Minimum separation between the ends of the
lines was c. 30 m. Line C was surrounded by the greatest
area of willow coppice and line A the least. Fields either side
of line A were, respectively, grassland and arable or set-aside
for the duration of the study. A 9.4 ha block of arable land ad-
jacent to line C was converted to willow coppice during 2001–
2002, as was a smaller (4.7 ha) field adjacent to line B in 2002
(Supplementary Table S1). Pitfall traps were 7.5 cm diameter
polypropylene cups filled with ethylene glycol preservative,
located with the top flush with the soil surface. Sampling
was carried out from 1993 to 2009 with traps set continuously
from the first week of May until the last week of October, with
samples collected fortnightly and all carabid species identified
and counted. Nomenclature follows Luff (2007).

Annual mean daily air temperatures during the trapping
period were derived from hourly dry bulb temperatures re-
corded from an automatic weather station on the site, as in
Eyre et al. (2013). Rainfall annual totals for each year’s trapping
periodwere recorded from a tipping bucket rain gauge located
at the ground level.

Statistical analyses

Analyses were carried out using both individual yearly
catches in each of the 30 pitfall traps, a total of 510 species
lists, and with pooled annual data from the three lines of ten
pitfall traps (A, B, C), a total of 51 lists. Individual yearly
catches were used in the first analyses because previous stud-
ies have shown independence of both ground beetle and other

Table 1. Total area (ha) of each crop type in the study area from
1993 to 2009.

Arable Grassland Set-aside Willow

1993 38.82 34.34 – –
1994 41.14 27.62 3.40 –
1995 36.91 27.62 8.63 –
1996 33.31 27.62 9.41 2.82
1997 42.72 27.62 – 2.82
1998 37.94 27.62 4.78 2.82
1999 34.09 27.62 8.63 2.82
2000 48.03 22.31 – 2.82
2001 24.82 22.31 17.09 8.94
2002 24.70 22.31 – 26.15
2003 19.92 22.31 4.78 26.15
2004 16.58 22.31 8.12 26.15
2005 16.07 22.31 8.63 26.15
2006 24.70 22.31 – 26.15
2007 24.70 22.31 – 26.15
2008 19.92 22.31 4.78 26.15
2009 24.70 22.31 – 26.15
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invertebrate recording at similar distances between traps (Eyre
et al., 2009b, 2012). Three sets of analyses were carried out:

(i) Partial canonical correspondence analysis (pCCA) was ap-
plied to determine the relationship of the ground beetle as-
semblageswith the crop cover andweather. The amount of
variation explained by the crop cover and weather was
analysed by variation partitioning, following the method
of Borcard et al. (1992) outlined in Legendre & Legendre
(1998). A series of pCCAs was applied to ground beetle
data from each pitfall trap, together with the cover (i.e.
the total area) of each crop (arable, grass orwillow coppice)
or other vegetation (set-aside) in the study area in the year
of sampling (table 1) and the weather variables (rainfall,
temperature) specified in turn as environmental variables
or covariables. Since land cover explained far more vari-
ation than weather, a final pCCAwith the weather factors
as covariables was used to investigate the influence of the
surrounding cover on the ground beetle assemblages,
using automatic forward selection of variables and
Monte Carlo permutation tests of significance.

(ii) To identify the main ground beetle assemblages, fuzzy set
clustering (Bezdek, 1981) was applied to pooled annual
data based on a detrended correspondence analysis
(DCA), as in Eyre et al. (2003). The site scores on three
axes of the ordination were used for the classification.

(iii)To investigate change in ground beetle assemblages over
time, principal response curve (PRC) analysis was applied
(Van den Brink & Ter Braak, 1998, 1999). This is a con-
strained ordination using redundancy analysis that in-
cluded an interaction term for pitfall line (A, B or C) and
year, in addition to partialling out the effect of year. In a
conventional ordination plot, the temporal trajectory is
often irregular and not parallel with the x-axis, making
changes over time difficult to interpret. One advantage of
PRC is to allow the results to be plotted on a graph with
year as the x-axis, to gain greater insights into community
change with time at the three sets of pitfall traps. The
method requires that one site is selected as an unchanging
horizontal ‘baseline’ that forms the x-axis: we selected
pitfall traps from line B to represent the baseline, because

it was geographically located between lines A and C (Ter
Braak & Šmilauer, 2002) and therefore a priorimight be ex-
pected to show intermediate levels of community change.
The y-axis of a PRC plot (PRC axis 1) indicates the change
in the community composition of the samples over time
relative to the baseline. PRC plots also indicate the relative
abundance of individual species in these samples, via the
corresponding species axis, conventionally plotted on the
right of the PRC plot. Finally, we used the method of
Van den Brink & Ter Braak (1999) to test for significant
trapline differences for each year, using 999 permutations.

The pCCAs andDCAwere carried out using the CANOCO
package (Ter Braak & Šmilauer, 2002) and PRC using R ver-
sion 3.1 (R Core Team, 2014) with the R package ‘vegan’
(Oksanen et al., 2008).

Results

A total of 30,139 beetles were trapped, identified to species
and counted in the 17 years, with 68 species recorded. The total
numbers caught in individual years fluctuated greatly, with
the greatest in 2004 (5210) and the fewest in 2009 (373), with
the decline of two previously abundant species Trechus quad-
ristiatus and Anchomenus dorsalis during those 5 years. There
was no pattern of catches, with a high number trapped in
1998 (2997) and 1993 (2770) but lower catches in 2001 (522)
and 1995 (878). Although the lowest number recorded was
in 2009, a high number of species were found (33), close to
the most recorded in 2003 (37). The fewest species were
found in 2006 (12) and 1997 (20).

The total variation in species composition explained was
7.13%, by land cover 5.23% and by weather 1.48%, with
0.42% explained by the two together. The biplot derived
from the pCCA showing the relationship of the 25 most abun-
dant species to the four crop cover types is shown in fig. 1. The
major variation along axis 1 represented changes in ground
beetle community composition along a trend from those asso-
ciated with primarily grassland/arable vegetation through to
those associated with areas dominated by willow coppice.
Secondary variation (axis 2) was mostly related to the effects
of set aside and grass fields. Species positively related to the
planting of willow coppice, along the positive axis 1, included

Fig. 1. Biplot derived from the pCCA showing the relationship of ground beetle species to the four main crop cover types.
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Synuchus vivalis, Abax parallelepipedus, Harpalus rufipes and
Carabus violaceus, whilst some of those influenced by arable
fields, opposite along the negative axis 1, were Microlestes
maurus, Demetrias atricapillus and A. dorsalis. Set aside was es-
pecially associated with Bembidion lunulatum and Stomis pumi-
catus, on axis 2, opposite to species associated with grass fields
such as Bembidion lampros, Loricera pilicornis and Amara ovata.
The area of willow coppice (F = 17.35), grass (F = 5.53) and
set aside (F = 4.65), all had significant effects (P < 0.002) on
the distribution of species assemblages.

The classification of the 51 pooled species lists produced
three groups and the mean number of each species found in
the ten traps in each fuzzy classified group is shown in
table 2. Thirteen of the 15 lists in group 1were from line A (pit-
falls 1–10), including the first 10 (1993–2002). This line of pit-
falls was never adjacent to willow coppice and had the most
Nebria brevicollis, M. maurus and Pterostichus macer and the
fewest Pterostichus melanarius and H. rufipes. Of the 16 lists in
group 2, ninewere from line B and sevenwere from line C, in a
groupwhere all lists were from the period 1993–2001. The lists
in this group were characterised by having by far the most A.
dorsalis and Trechus quadristriatus and fewer N. brevicollis and
P. macer than in group 1. Apart from two lists in line C in 1994
and 1995, group 3 lists were from 2002 to 2009, with four lists
from line A and seven from both B and C. By far the most
Poecilus cupreus, P. melanarius, A. parallelepipedus andH. rufipes

were recorded from the traps in these lines, with relatively few
M. maurus, A. dorsalis and N. brevicollis.

The results of the PRC analysis are represented in fig. 2,
showing the relative change in ground beetle species compos-
ition along the three sets of pitfall traps over time, with line B
set as the horizontal baseline against which to compare
changes. It also shows the relative change in abundance of
15 species over the 17 years, withmost change in P. melanarius,
A. dorsalis and T. quadristriatus, less, but still considerable, in
H. rufipes and A. parallelepipedus and relatively little in species
such as Pterostichus niger and Amara similata. Beetle species
composition from pitfall line A was most dissimilar to that
of the baseline in 1993, but this difference gradually reduced
over time, particularly after 2005, reflecting the increase in
ground beetle species associated with the development of
areas of willow coppice. Beetle species composition at pitfall
line Awasmost dissimilar to the others during the assessment.
There was a highly significant difference between all three
lines of pitfalls throughout the duration of the survey when
all three lines were compared simultaneously (table 3).
However, after 2002/2003 there were no significant differ-
ences in the ground beetle community composition at pitfall
lines B and C, the two sets of pitfall traps closest to the willow
coppice.

Discussion

Landscape features and crop type influence the distribu-
tion of ground beetle assemblages (Purtauf et al., 2005) and
generally more species are recorded from cereal fields than
from grass (Batáry et al., 2012), but most previous comparisons
in the agroecosystem have been in one crop only, usually
wheat, a pattern showing no sign of change (Holland et al.,
2012; Puech et al., 2014). Given that landscape heterogeneity
has a considerable effect on ground beetle activity (Weibull
& Östman, 2003), the 17-year Drayton dataset should have,
and did, provide insights into the influence of crop and
cover changes on beetles recorded from adjacent non-crop
habitat. Similarly, Eyre & Leifert (2011) reported that beetle
(especially Staphylinidae) activity in fields, itself dependent
on crop type, influenced activity in adjacent non-crop habitat,
whilst Eyre et al. (2013) also found considerable similarities in
ground beetle assemblages in crops and field boundaries de-
pending on vegetation structure and amount of disturbance.

The PRCs indicated that the most abundant species
showed the greatest changes in activity and that the assem-
blages from line A traps became similar to those in the baseline
line B, with those in line C most similar to the baseline
throughout the 17 years. Note that when B and C were com-
pared alone, there were significant community differences in
the beetles for the first 10 years of the experiment. These results
concur with those of the classification and the frequency table,
which showed that activity of such species as M. maurus and
N. brevicollis, not the most abundant, were also considerably
reduced as willow coppice developed. One observation is
that the most abundant species in group 3 of the classification,
made up of assemblages after willow coppice had been intro-
duced, were all large beetles. In the wider environment, agri-
cultural management intensity influences ground beetle
species distributions (Eyre, 2006), with small species with
high dispersal capability tolerating more intensively managed
areas and larger species less inclined to flight more prevalent
in less managed landscapes (Ribera et al., 2001). Disturbance at
the farm scale has been shown to be more important than

Table 2. Mean numbers of ground beetle species in the three
groups derived from the fuzzy classification of the 1993–2009
data pooled data (at least a mean of two beetles in a group).
Species order is as for the first axis of the ordination and numbers
in parentheses are lists in a group.

Group

1 2 3
(15) (16) (20)

Microlestes maurus 11 2 1
Amara eurynota 1 3
Syntomus obscuroguttatus 3 2
Anchomenus dorsalis 4 202 6
Amara ovata 5
Nebria brevicollis 52 13 7
Demetrias atricapillus 7 7 1
Loricera pilicornis 5 4
Trechus quadristriatus 38 189 21
Bembidion obtusum 1 2
Pterostichus macer 10 1 3
Notiophilus biguttatus 6 3 2
Bembidion lunulatum 2 9 1
Bembidion lampros 5 9 2
Bembidion guttula 5 5 2
Leistus ferrugineus 4 3 2
Harpalus rufibarbis 4 1 2
Leistus spinibarbis 2 1
Badister bullatus 1 3 2
Stomis pumicatus 1 2 2
Trechus obtusus 2
Synuchus vivalis 2 2
Poecilus cupreus 8 13 18
Pterostichus niger 1 1 2
Pterostichus melanarius 58 295 526
Abax parallelepipedus 5 6 18
Carabus violaceus 2 2 7
Harpalus rufipes 3 4 54
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productivity in influencing ground beetle activity and assem-
blage distribution (Eyre et al., 2013) and it appears that the
introduction and development of willow coppice increased
the activity of large species such as A. parallelepidedus,
P. cupreus and C. violaceus in the adjacent non-crop habitat.

Since ground beetle activity in non-crop habitat was related
to changes in the surrounding crops and cover, there are impli-
cations for any potential ecosystem services supplied by
ground beetles. The presence of semi-natural or other non-
crop habitat is generally considered to be beneficial for bio-
logical control in cropping systems, as most predatory species
require both crop and non-crop areas to persist, and are as-
sumed mainly to inhabit uncultivated areas (Tscharntke
et al., 2007). Indeed, the assumption that non-crop habitat
such as beetle banks and grassy strips provide overwintering
cover and a source of pest predators such as ground beetles is

part of the underlying reasoning for their promotion in some
agri-environment schemes (Whittingham, 2011; Holland et al.,
2014). However, this might be questioned if beetle activity is
crop driven, not the other way around. Eyre et al. (2009a)
found appropriate ground beetle pest predators in the vege-
tated margins of vegetable fields, akin to beetle banks, did
not disperse into the open fields and had no effect on, in this
case, cabbage root fly. Given that non-crop habitat in anything
approaching an intensively managed agroecosystem is un-
likely to exceed 20% of total cover, it is perhaps not surprising
that crop cover and diversity will have an important influence
on overall invertebrate activity.

It has been suggested that seasonal ‘spillover’ effect be-
tween habitats is likely to be stronger in the direction from pro-
ductive to non-productive habitats, due to temporal variation
in resource availability (Rand et al., 2006). In our study,

Fig. 2. Summary of the PRC analysis for all three lines of pitfall traps with line B used as baseline, showing the relative change in abundance
for 15 ground beetle species.

Table 3. Summary of individual year-wise permutation tests derived from PRC analysis of all three lines (A, B and C) of pitfall traps
simultaneously, plus individual pairs of pitfall traps.

Year F-ratio ABC P-value ABC F-ratio BC P-value BC F-ratio AB P-value AB F-ratio AC P-value AC

1993 10.327 <0.001 5.518 <0.001 11.400 <0.001 13.817 <0.001
1994 4.193 <0.001 3.230 0.003 5.331 <0.001 4.220 <0.001
1995 5.160 <0.001 2.988 0.002 6.309 <0.001 6.113 <0.001
1996 6.481 <0.001 3.623 0.003 8.828 <0.001 5.809 <0.001
1997 13.600 <0.001 2.954 0.001 15.734 <0.001 22.429 <0.001
1998 15.104 <0.001 1.572 0.118 20.671 <0.001 21.158 <0.001
1999 6.617 <0.001 2.300 0.005 11.694 <0.001 6.477 <0.001
2000 12.188 <0.001 2.703 0.023 14.989 <0.001 17.645 <0.001
2001 4.865 <0.001 3.683 <0.001 4.800 <0.001 5.947 <0.001
2002 5.225 <0.001 2.570 0.006 5.587 <0.001 6.637 <0.001
2003 3.713 <0.001 1.454 0.160 5.090 <0.001 4.306 <0.001
2004 13.539 <0.001 2.759 0.019 15.691 <0.001 21.032 <0.001
2005 4.364 0.001 1.009 0.381 5.739 <0.001 6.351 <0.001
2006 7.035 <0.001 1.161 0.327 7.871 <0.001 14.374 <0.001
2007 3.174 <0.001 0.839 0.528 3.646 <0.001 4.475 <0.001
2008 3.250 0.001 0.853 0.555 3.144 0.006 4.880 <0.001
2009 3.799 <0.001 1.062 0.405 6.035 <0.001 3.818 <0.001
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spillover from the fields into the unmanaged field boundaries
was indeed apparent, but in this case there was a consistent
trend that occurred over a period of years. The results concur
with a proposal that species with intermediate dispersal
abilities (i.e. the larger carabids) could benefit from long-term
temporal changes, whereas those with higher dispersal
capabilities are more likely to respond to short-term changes
(Driscoll et al., 2013).

The spillover from areas under agricultural management
might also have implications for prey populations in non-crop
habitat fragments (Rand et al., 2006), an effect compounded by
evidence that larger ground beetle species tend to predate
smaller ground beetle species (Prasad & Snyder, 2006). The
long-term effects of this predation are unknown, and there is
a need for more research on both agronomic and ecological ef-
fects of spillover from agricultural land to non-crop habitats
(Tscharntke et al., 2012).

The lack of any consistent patterns of ground beetle activity
or of species numbers recorded at the farm scale at Drayton is
not in agreement with the conclusions ofMorecroft et al. (2009)
and Brooks et al. (2012) at a national scale, that there were
declines in ground beetle ‘biodiversity’ and populations.
However, since pitfall trapping only gives a relative idea of
ground beetle activity (or activity density), conclusions con-
cerning populations are inappropriate and should be treated
with considerable caution. Pitfall trapping is the best and
only method of generating useful and useable ground beetle
data (Spence & Niemalä, 1994), but like all sampling methods,
it has limitations and population size will be only one reason
for pitfall trap catch fluctuation. The results at Drayton concur
with those of Taylor & Morecroft (2009), using a 12-year data-
set at the farm scale that there was no overall trend in beetle
abundance or species richness.

This study has shown that local changes in farm manage-
ment that affect the agricultural landscape can have a clear in-
fluence on ground beetle species assemblages over a period of
years and that these effects are much stronger than annual
variation in temperature and rainfall. One important consider-
ation is that the long-term nature of the assessment was crucial
in showing patterns and trends, indicating that longer sam-
pling periods than those usually employed in invertebrate as-
sessments in the agroecosystem will provide new and more
useful conclusions. Other factors such as sampling in more
than one crop, together with an understanding of the need
for longer sampling periods, would provide a more holistic
approach to research. This is important because conclusions
reached from work in intensively managed agroecosystems
may have little credence in other landscapes.

Supplementary material

The supplementary material for this article can be found at
http://dx.doi.org/10.1017/S0007485315001054
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