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Abstract

The withinfield spatid digtribution of some common farmland arthropods from the Carabidae,
Araneae and Collembola was assessed using two-dimensiond grids of pitfal traps distributed across
whole winter whest fields. In the first year the extent to which arthropod capture was influenced by
location within the field and sampling intensity was examined using three different Szed grids (1.5m,
7.5m and 30m spacings). In the second year digtributions within two different-sized winter whest
fields were compared. Spatid pattern and association between arthropods and weed cover were
andysed usng SADIE and trend surfaces were used to visudise digributions. Many of these
arthropod groups exhibited aggregated distributions within the fieds in clusters larger than 30m
across therefore the numbers captured will vary depending on the location of sampling within afield.
Amara species, Bembidion lampros, Carabidae and Lycosdae were predominantly found within
60m of the fidld edge. Nebria brevicollis and Pterostichus madidus were found within the fidd in
patches of one and two hectares respectively. Linyphiidae were relatively homogeneoudy distributed
across the fidlds. There was some evidence of clustering by Collembola. The spermophagous
Carabidee and Lycosdae were postively associated with the degree of weed cover. SADIE
andytica techniques were useful for identifying the importance and location of patches with higher

and lower than average numbers, dthough aminimum of 36 sample points is recommended.

Key-words. SADIE, polyphagous predators, weeds, Carabidae, Araneae, Collembola, beneficia
insects

Introduction

Much is now known of the ecology of arthropods within cered crops. The most studied are the
polyphagous and stenophagous predators, notably members of the Carabidae, Staphylinidae,
Araneae and the parasitic Hymenoptera (reviews by Wratten & Powell, 1991; Lovel & Sunderland,
1996). However, many of these and other studies have reveded that there is consderable spatia
heterogeneity in the distribution of arthropods within fields which has been linked to a number of
environmental factors. These include physical factors such as soil type (Thiele, 1977), soil pH
(Gruttke & Weigmann, 1990) and soil moisture (Hengeveld, 1979) and aso characteristics such as
vegetation cover provided by weeds (Speight & Lawton, 1976) or by differences in crop densty
(Honek, 1988), which can affect the microclimate. The type and quality of adjacent non-crop areas
may adso affect within-fidd digribution, through the provison of overwintering sites from which
immigration occurs (Coombes & Sotherton, 1986; Jensen et al., 1989; Riedel, 1992; Holopainen,
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1995). Prey digtribution may aso be important, Snce some species can locate aress of high prey
dengty (Bryan & Wratten, 1984; Hance, 1987). Interactions between these environmental factors
arelikely and it istheir combined effect, in conjunction with inter- and intra-species relationships, that
determines a predator's distribution (Hemptinne et al., 1992).

Detaled descriptions of the spatid digtribution of insect populations have only rardly been
attempted, dthough if such data are combined with measurements of physcd and environmenta
factors, this can reved much about the environmenta requirements and movement behaviour of
individua species (Kennedy, 1972; Greilg-Smith, 1979; Taylor, 1986). This approach may dso ad
the development of habitat manipulation Srategies amed a enhancing beneficid species (Powd| et
al., 1995) and asss in the design of sampling strategies (Parker & Turner, 1996; Winder et al.,
1999). Insect gpatid digtributions aso have important implications for the design of field studies
(Perry, 1997), dthough this is either rarely addressed or it is assumed that a suitable experimenta
design (eg. randomised block) will overcome any bias that results from spatia heterogeneity. The
identification of intra- and inter-specific relationships may be aided by spatialy-structured sampling.

Insect spatid pattern isrardy investigated, partly because of the intensive sampling effort required
to gan such information but dso because of previous limitaions in datisticd methodology.
Traditiona methods, for count data collected from a set of locations, examine numeric properties of
the frequency distribution, such as the somewhat abstract relationship between the sample mean, m,
and the sample variance, 5 (Anscombe, 1949; Taylor, 1961; Lloyd, 1967; Iwao 1968). These
methods make no use of information concerning the soatid location of the sample units, so ther
capacity to describe spatid pattern is limited and they can only infer non-randomness a some
unknown spatiad scae below that at which the data were collected. The methods of Bliss (1941)
and Greig-Smith (1952) are better, but even these do not explicitly use the coordinates of the sample
units, and require that sampling be done on aregular grid.

Recently however, a new class of techniques has been developed, termed SADIE (Spatia
Andyss by Digance IndicEs), to detect and measure the degree of spatial pattern in spatialy-
referenced count data (Perry, 1998a & b; Perry et al., 1999). The methods make full use of the
data concerning each count and the two-dimensiond coordinates of the sample unit a which it was
taken; there is no redtriction on the location of the sample units. SADIE employs randomizations that
condition on the observed counts and permute them amongst the sample units, so the andyss is
complementary to those more traditiond methods listed above, and independent of them. The
randomizations conform to the null-hypothess that the observed counts are arranged randomly
amongst the sample units. By comparison of the observed arrangement with these randomizations,
two indices of aggregation and corresponding tests of the null-hypothesis are derived. These relate
to the overall degree of aggregation in the entire arrangement. Perry et al. (1999) have extended
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these methods to provide an index of clugtering for each of the sample units, to measure the degree
to which the observed count at each unit contributes to this overal aggregation. Furthermore, the

clusers are identified separatdy, ether as patches within which neighbouring units have counts
relaively larger than the mean, or as ggps within which neighbouring units have rdaively smal

counts. The SADIE class of techniques were also augmented by Perry (1998b) to provide indices
and tests of gpatid association for the case when two separate arrangements, perhaps different

gpecies, share the same sample units.  The SADIE techniques were developed specificaly for

clustered ecologica count data, in which patterns are dynamic and patchy, there are frequently a
large proportion of zero counts, and abundance has a non-stationary covariance structure; such data
isinappropriate for geodtatidicd anayss.

Before the spatid digtribution of a speciesis evauated it is essentia that the appropriate scde be
chosen to reflect the digtribution pattern.  Where arthropods have been sampled within cropping
gystems udng a two-dimensond grid of pitfal trgps, congderable spatia heterogeneity has been
found (Hengeveld, 1979; Duffidd & Aebischer, 1994; Holopainen, 1995; Thomas et al., 1998). In
some cases the sampling scale for these grids had to be chosen to meet practica limitations. In other
cases, the grid spacing was chosen based on the species power of dispersd, in an attempt to ensure
that each sampling location was independent.

Thus, very little is known of the spatid digtribution of most farmland arthropod species within
cered ecosystems. In the first year of this study, the use of spatially structured sampling regimes was
explored in conjunction with the use of SADIE. More specificaly the effect of sampling location and
grid spacing was examined for a range of different farmland arthropods. Assessments of cered
aphids were also made and are reported in Winder et al. (in press). Associations between predatory
arthropods and the cered aphids will be reported elsewhere. Because many of the predatory
arthropods found within cered fidds invade the crop each year from the fidd boundary, in the
second year the effect of fidld Sze was investigated.

Materials and methods

Sampling location and grid 5ze

Arthropods were sampled intensively at three spatia scesina250m” 180m fidd of organic winter
whest, near Wimborne, Dorest, UK, on six occasions between 7 June and 12 July 1996. Four grids
of pitfdl traps (6cm diam.) with a single trap at each point were used: one 9° 7 grid with 30m
gpacing (large), which extended across the whole field; two 5° 5 grids with 7.5m spacing with one
located at the field edge and the other in the field centre (medium edge and medium inner) and one
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6" 5 grid with 1.5m spacing (smal) located within the medium inner grid (Figure 1). The co-
ordinates were based on an origin a the south-west corner of the sampling area. Ritfall traps, partly
filled with water and detergent, were operated for two days then al arthropods were removed and
sored in 70% dcohol. The mgority of the catch comprised Carabidae and Staphylinidae, which
were identified to goecies or genus, and Araneae, which were identified to family. Many of the
identified taxa are known to feed upon cered aphids and have been classfied as beneficid.

Percentage weed cover was assessed within a0.25m" quadrat a each sample point on 28 June.
Effect of field size

Arthropods were sampled smultaneoudy in two winter wheet fields, of 4ha and 16ha, near Durdle
Door, Dorset, UK, on five occasons a fortnightly intervas between May and July 1997. A grid of
pitfal traps with approximately 30m spacing was used within each field with a sngle trap a each
sampling point. In the larger field, the grid was 8 units wide and between 8 to 11 units long, with 75
trgpsin dl. Inthe andler fidd it was 6 4 units with 5 extra traps, making 29 in dl. The pitfdl
traps, partly filled with water and detergent, were operated for two days then dl arthropods were
removed and stored in 70% acohol. All arthropods were identified as in 1996. Percentage weed
cover was assessed within a0.25n? quadrat a each sample point on 12 June. The location of each
pitfal trap was surveyed and |located using the nationd grid reference.

Data Analysis

In both years, seasona activity periods caused considerable between species variation in capture
rates on particular dates. Furthermore, numbers of individual species were often too small a each
sample unit for informative analyses on specific dates. Therefore, to obtain a measure of activity
within alocality totals of counts over al sampling dates for each year were analysed.

(i) Comparison of sampling location and scale, 1996

To study the numeric properties of the data, sample means and variances were computed for each
scade. To test for differences in abundance between the four scales, totd counts, ¢, transformed to
logro(c+1), were compared using analyses of variance for eech taxa. Spatia pattern was studied by
computation of the overdl SADIE indices |, and J, based on distances to regularity and crowding
(Perry, 1998b), respectively, together with their associated probabilities P, and Q,, for each scae
separaey. Where necessary, this was supplemented by a description of the degree of clugtering in



the counts in the form of "patches of large counts, using overal index vi and associated probability
P, or of 'gaps of smdl counts, using overal index v and associated probability Py (Perry et al.,
1999). For aparticular s, if dl of these indices have vaues around unity, this indicates that the data
conform to the null hypothess of spatid randomness, a vaue of a least one index well above unity
indicates spatid non-randomness of some form. Where a clustering probability is quoted without a
subscript it refers to both the paich and gap probabilities. A cluster is defined as a set of
neighbouring units, for which the absolute vaue of the unit dlustering index, Vi, is greeter than 1.5 for
dl unitsin the st (Perry et al., 1999). Clugers should be assumed to be roughly circular unless
specified otherwise.
(i1) Comparison of field sizes, 1997
Identical methods were used to those above, except that no analyses of variance were done to
compare abundances.
(i) Soatial association
The spatial association between the arthropods and weed cover, was measured, for each scale and
field separatdly, by computation of the SADIE index |; and associated probability Py (Perry, 1998b).
The null hypothesistested by Py is that the two spatia patterns are located randomly with respect to
one another; dternatively, species may be postively associated with or negatively dissociated from
one another.

Digribution data is presented as two-dimensond contour maps from counts, drawn using the
package SURFER.

Results
General results from 1996

During 1996, the effect of spatia location and grid Sze was investigated. There was a condderable
degree of tempora variation in the capture of predatory arthropods. Only one carabid species,
Nebria brevicollis Fabricius (Coleoptera: Carabidae), was captured in sufficient numbers for
andysis. This was most abundant on the first sample date but their captures declined to about one
fifth of this on al subsequent dates (Fig. 2). The numbers captured on each date, with the exception
of the first sample, were too low for SADIE andys's, however, when examined the location of the
arthropods was consigtent through time and therefore totals across dl dates indicated where the
arthropods were predominantly present. The total number of Carabidae were most abundant on the
fird sample date, declined until mid-June and then darted to increase predominantly because

Pterostichus melanarius llliger (Coleoptera: Carabidae) started to emerge. Lycosidae (Araneae)
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and Collembola showed a gradua decline whereas Linyphiidae (Aranese) incressed over the
sampling period.

There were sgnificant differences in the means for dl the taxa analysed (F-tests, Table 1). This
would be expected for where a taxa exhibits a heterogeneous distribution because each grid was
sampling a different location. However, for Collembola, Linyphiidae, Lycosidae and weed cover, the
mean was smdlest for the smal scale, and often much gregter for the large scde, whilst N.
brevicollis showed no digtinct trend. Such sgnificant differences in dengity between the scaes imply
the exigence of gpatid pattern; this implication is vaid even if subsequent within-scae andyses dl
show that the counts were distributed at random within each of the separate grids. Furthermore,
because the grids have rdatively few sample units in common, it cannot be expected that density
differences between scales, will result in detectable within-scale pattern at the larger scae. For
example, the Collembola count within the medium-inner grid was only about one third of that within
the large-scde grid (Table 1), dthough the four counts (Figs. 3 & 4) in the units that contributed to
both grids: 24, 11, 37,7, were typicd at the large scade and did not indicate a region of low density
a the large scde (Fig. 3). Indeed, there was little indication of spatid pattern at the larger scale (1a =
1.07, Pa=0.29, Table 1), and only week clustering (P > 0.25).

Comparison between the gridsin 1996

During 1996 there were some indications of spatid pattern. N. brevicollis showed a large and
sgnificant value of 12 confirming strong aggregation within the large grid (Table 1), and the vi indices
confirmed that this was due to a single dominant cluster of approximately 1ha, located in the left area
of the grid (Fig. 3). For the medium-edge grid (vi = 1.33, Pi < 0.05), patchiness occurred in the
top left corner (Fig. 5). Tota Carabidae were sgnificantly aggregated within the large grid with
areas of low counts (v; = -1.53, P < 0.01) and some patches (vi = 1.30, Pi = 0.05) mainly within
60m of the field edge.

Clugtering by the Linyphiidae during 1996 never achieved significance (P > 0.1) at any scale, and
the large counts of this taxa appeared to be randomly distributed. By contrast, the Lycosidae were
highly aggregated at the large scle. Here, the pattern was manifest as asingle large gap (v = 1.61,
P; < 0.01) extending 180m down amogt the entire |eft Sde of the large grid, and three small patches
(vi = 1.64, Pi < 0.01) comprising ten sample units, spread aong the right-hand edge and foot of the
grid. A dmilar degree of aggregation was found a the medium-edge scde, especidly at the foot of
this grid, coincident with the edge of the field. No sgnificant pattern or clugtering (P > 0.1) was
found further into the fidd, within the medium-inner (Fig. 4) and smdl grid (Fig. 6), where abundance
was hotably less.



Counts for Collembola were much larger than for most other taxa, and were very varidble at the
large scde, ranging from 3 to 110. Caution is required when interpreting contour maps for such
large counts, because they often suggest aggregetion where there is little or no evidence of anything
but a random arrangement of variable counts. Indeed, a the large and medium-edge scales (Figs.

3,5) the indices la and Ja showed no evidence of aggregation and clustering was no grester than
expected by chance (P > 0.25). However, a the medium-inner (vi = 1.25, P; = 0.07; v; = 1.13,

P; = 0.19) and small (vi = 1.23, Pi = 0.09; v; = 1.23, P; = 0.1) scales (Figs. 4,6) there was
moderate clustering into both patches and gaps.

Weed cover and associations

Weed cover in 1996 only exhibited dight aggregation within the medium-inner grid where there was
greater cover dong the right-hand edge (Fig. 4). The near significance of the aggregation at the smdll
scale was characterized by significant clustering into two smdl patches (vi = 1.32, Pi < 0.05) of
1.5m diameter, and adightly larger gap (vj = 1.22, P; < 0.05).

There were sgnificant associations (P: < 0.1) with weed cover for Lycosidae within the large and
smdl grids (Table 2). No other arthropods were associated with weed cover. Within the large grid
weed cover was greatest around the edges as were the numbers of Lycosdae, thus the significant
associaion may have been coincidental both predominating at the field edge. It is, however, likey
that the Lycosidae were responding to weed cover because they were also associated with weed
cover inthesmdl grid.

General results from 1997

The didgribution of arthropods and weeds was examined in a large (16ha) and a small fied (4ha)
using agrid of pitfal traps with gpproximately 30m spacing. Numbers and diversity of taxa were
greater than in 1996 alowing andysis for some species. As found in 1996 there was consderable
degree of temporal variation in the capture of predatory arthropods. Of the Carabidae the capture of
Amara species (Coleoptera Carabidae) did not vary much over the sampling period while that of
Bembidion lampros Herbst (Coleoptera: Carabidae) declined. Pterostichus madidus Fabricius
(Coleoptera: Carabidae) counts were highest on the last sample date when they formed 70% of the
tota Carabidae captured. The Linyphiidae counts were dso highest on the last sample date, while
activity of Lycosdae declined over the sampling period. Collembola exhibited a pesk on 29 May,
otherwise capture was relaively consstent. As found in the previous year some arthropod groups
exhibited digtinct spatid pattern, athough often thiswas only within the larger fidld (Table 3).



Comparison of field sizesin 1997

Predatory groups

The Amara species showed moderate aggregation (Table 3) in the large field, manifest mainly as a
large area of severd gaps on the left Sde of the field. Of the eight counts of 5 or more, Sx occurred

on the fidd edge (Fig. 8). In the smdl fidd there was strong and sgnificant aggregation and

clustering; the large gap (Fig. 9) comprised ten units, but there was aso a patch of about 50m radius.

In both fields counts were predominantly highest near the fidld edges. The pattern for B. lampros in

the large field featured a large and significant gap (vj = 1.32, P, = 0.05) extending over 2ha in the
middle of the fidd (Fig. 8) and strong patchiness (vi = 1.28, P; = 0.06) aong the top edge of the
large fidd. Three smal patches (vi=1.40, P; <0.05) caused significant dustering in the B,
lampros population on the left Sde of the smdl fidd (Fig. 9). Although B. lampros was captured
across the whole of the large and small fidlds, when data for individua sample dates were examined,
the highest counts were predominantly confined to the field edges in the large field, with some up to
60m into the field. Similarly, in the smal field some higher counts were recorded & 60m from the
field edge which was dmog the fiedld centre. Pterostichus madidus showed strong aggregation

within the large field, dlustered into two paiches of approximately 4ha each (vi = 1.42, P < 0.05),
one extending over 200m aong the | eft-hand edge and another equaly long near the right-hand edge.

There were aso two gaps (j = 1.41, P; <0.05), the larger covering about 1ha (Fig. 8). By
contrad,, in the smdll field (Fig. 9) there was little clustering.  This species had raively high counts
even in thefidd centres.

During 1997, Linyphiidae did not such evidence of clustering into patches or presence of gaps. In
the large fidd dthough showing a preference for the fidld edge with noticegble gaps in the centre of
both fields, there was only weak Satisticd evidence to confirm this (Table 3).

Collembola were clustered within the large field with sgnificant patches and gaps, but in the small

field there was only significant evidence for patches (vi = 1.34, P; = 0.05).

Weed distribution and associations

Weed cover only exhibited aggregation in the smdl field, where there were some high counts in the
left corners with the remainder of the fied being rdaively bare (Fig. 9).

Amara species are predominantly phytophagous carabids explaining why they occurred in areas with
more weed cover, as evidenced by the rdatively large vaue of the spatial association index |; for
both fields (Table 4). Collembola were associated with weed cover in the large field, notably in the
upper and lower right areas of the field (Fig. 8).



Discussion

The tempord variation in arthropod activity was expected given that counts were from broad
taxonomic groups within which there would be species with differing phenologies and consequently
their activity periodswill vary, asfound by Booij et al. (1995). Despite this there was considerable
gability in the arthropod distributions between dates within each field, dthough this data was not
presented. Totas for dl sampling dates were used but nevertheless provide an indication of where
activity was most concentrated during the assessment period. Arthropods are often assumed to be
evenly digtributed within arable fidds (Wallin, 1986), athough most of the arthropods examined in
this sudy, in both years, exhibited some spatia pattern, with defined areas of high and low activity.
This is in agreement with other research on polyphagous arthropods (Hengeveld, 1979; Duffidd &
Aebischer, 1994; Holopainen, 1995; Thomaset al., 1998). For most taxa examined here, the 30m
sampling grid used in 1996 was of sufficient resolution to detect clusters, which often extended over
aress larger than 1ha. There was a tendency for aggregation indices to be greater at this large scde,
athough this may be because the number of sample units was grestest for the large grid, so the
power to detect spatia pattern was enhanced. In particular, clusters tend not to be detected by the
SADIE methods unless more than about six neighbouring sample units dl have above or below
average counts. Hence, the smdler grids a the medium and smal scales would have less chance of
detecting clusters. However, aggregation was sometimes detected within the medium-sized grids
(7.5m), but usudly when this scde of pattern wasitsalf nested hierarchically within patterns of grester
Sze extending over distances greater than 30m. The small grid was ingppropriate for most taxa
because the mean was often lower than for the other scales, sgnificant aggregation was never
detected at this scale, dthough there was moderate clustering of Collembola and strong clustering of
weed cover. During 1997, the dgnificant (P, < 0.05) aggregation within the large field shown by B.
lampros, P. madidus, Carabidae and Collembola. By contrast, within the smal fied the sampling
grid was usudly too smdl to detect more than one cluster. Idedly grid sze should be chosen
according to the species under investigation, athough some compromise is usualy needed in muiti-
gpecies evauaions. The SADIE indices provided a suitable means of assessing the sze and
significance of clusters which was not dways gpparent from their visud gppearance when plotted,
provided sufficent sampling points were used. These and other data have indicated that a minimum of
25 units is needed and preferably at least 36. Thus, sampling scale may have to be adjusted to
ensure sufficient sampling points can be accommodated within the area under investigation.

There was consderable difference in the distributions detected between the medium-edge and
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mediumtinner scales because some taxa, such as Lycosidae, predominantly inhabited the field edges.
This highlights the importance of sample position and trap layout within a fidld and may explain why
there are often consderable differences in arthropod capture between fidds in large-scde studies
(Hdlland et al., 1998). Unless sampling is very intensve, then the coincidence or otherwise of a
sampling grid with clugters of relatively large population dendty is fortuitous. Much random error
may be introduced by chance impositions of sampling aress onto unrepresentative aress of fieds.
Thus, dudies within fields that use the replicated plot designs recommended for agrochemicd
assessments, may uncover consderable variation between plots prior to the imposition of trestments.

Perry (1997) suggested that such assessments should dways use these initid abundances as
covariates.

Numbers of individua species collected over the duration of each experiment were sometimes
insufficient for analyss. Capture rates could have been improved by usng more trgps a each
sampling point, or by leaving them open for longer. However, in 1996 trgps within the smdl scde
were only 1.5m apart; more intensive trapping risked over-sampling, and subsequent population
reduction. Mark-release-recapture techniques overcome this problem, but are suitable only for
larger species and require a much greater sampling effort. At the 30m scale, more pitfdl traps per
sampling Ste would have been beneficid. The rdatively smal invertebrate capture rates within the
organic winter whest field in 1996 were unexpected. Suction samples from a 0.5nT" area were aso
taken at each sampling location but with the exception of Collembola no other taxa were captured in
aufficient numbersfor andyss.

Some of the Carabidae sampled were predominantly found around the field edges, for example:
Amara species and B. lampros. This would be expected for Amara species since they are
spermophagous and weed cover was greatest a the field edges. Amara species were also found to
consume arthropods including cered agphids (Sunderland, 1975; Sunderland & Vickerman, 1987).
The middle of arable fidds is unlikdy to provide sufficient seed resources for gpermophagous
species, except within the weedier areas, as demongtrated here by their spatial association with weed
cover. B. lampros over-winter both within the fidd Riedd, 1995) and the margins Sotherton,
1984) and have been shown to disperse into the field during the summer (Coombes & Sotherton,
1986), returning to the field edges late in the season prior to hibernation (Valin, 1987). These
samples were collected during the summer, so B. lampros would be expected to be found
digtributed across the whole field, but in this study they were predominantly captured within 60m of
the fidd edge.

The preference for the fidd edges dso made it difficult to identify the size of clugters. In 1996
there were some isolated clusters of up to 90m width for N. brevicollis, however in 1997 within the
large field clusters of carabid species extended over greater distances ether linearly dong field edges
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or across severa hectares. Brust (1990) suggested that carabids establish burrows and foraging
areas and remain within these unless the food supply diminishes. Larger species are able to forage
over larger distances and they would be expected to occupy a greater area. Den Boer (1990)
supports this view using the term metgpopulation to describe these groups of loca populations.
Baars & Van Dijk (1984) edimated that individuads of Pterostichus versicolor Sturm (9ze 9-
12mm) were moving aound within an area of about 125ha  The gmdler Calathus
melanocephal us Linnaeus (6-9mm) was estimated to move around an area of 2ha. Because non-
adjacent, individud fields were sampled in this study it was not possible to verify the presence of any
metapopulations, dthough within fidds clugters were smaler than those found above. An extensve
study by Thomas et al. (1998) using mark-recapture demonstrated limited dispersal; the mgjority of
P. melanarius were captured within 55m of their release Ste after 30 days. Aress of high activity-
density were aso detected, often only 10n? even though they are capable of moving greeter
distances (Walin & Ekbom, 1994).

Rdaivdy little is known of the abiotic and bictic factors governing spatia didributions for
individua species, especidly within agroecosystems.  Furthermore, these factors may or may not
interact, so it is difficult to identify whether one or more factors govern the distribution of a species
(Thide, 1977). Many experiments have examined individua components of the likely environmenta
requirements. These were reviewed by Thide (1977) and included dimatic factors such as
temperature and humidity; chemical factors, the most applicable to agroecosystems being soil pH
and calcium content; and environmenta structure such as the subgtrate. In the latter, aspects of soil
type are likely to be important, but also surface composition and its penetrability. Some species
showed a preference for ledf litter whilst others preferred open areas (Thide, 1977). Smilarly, in
crops the dengity of weeds will determine the degree of cover and possibly of food abundance, and
may adso influence the microclimate. In this Sudy it was only the spermophagous species that were
associated with the weedier areas. These factors may aso interact; for example, soil type may
influence the moisture content and thereby the microclimate. Soil type aso effects the substrate and
auitability for burrowing, oviposition and over-winter survival.

The environmental requirements of the Aranese described here are less well known. Here, the
Lycosdee favoured field edges. However, some varigtion between species in this family must be
expected because their humidity requirements differ considerably between species (Pulz, 1987), as
do ther hunting drategies Bristowe, 1971). In contrast, the Linyphiidae were rdatively evenly
digtributed across dl the fidds and this would be expected given their powers of dispersa by
balooning Meijer, 1977) and waking (Sunderland, 1987), as demonstrated by the rapidity with
which they reinvade insecticide treated fields (Thomas et al., 1990).

These experiments were designed to explore the extent of arthropod spatid pattern within

12



farmland and to test the potentia of these novel satistical techniques. They reveded that there was
consderable spatia heterogeneity for a range of arthropod taxa which warrants more detailed
investigation and especidly to identify the importance of abiotic and biotic factors in regulating their
digributions. These will help determine whether habitat manipulation is possble and aid in the design
of management practices to encourage polyphagous predators, as part of an integrated gpproach to
crop protection. Spatiad sampling can help this process because measurements are made using
naturaly-occurring digtributions.  The SADIE techniques were vauable in identifying when spatid
pattern was present and v; and v; indices located these areas which was not possible with previous
datistica methods.
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Table 1. Summary datistics comparing the effect of sample grid szein 1996. F vaues are from
analysis of variance comparing grids. Indices | and its associated probability Pa indicate overall
degree of clustering; values of 1.=1 indicate randomly arranged counts, while 1.>1 indicate

aggregation of countsinto clugters. v j isthe average over dl inflows indicating presence of clustering

into gaps with its associated probability of departure from randomness P;. viisthe average over dl
outflows indicating patchiness with its associated probability of departure from randomness P..

Scele Mean la Pa Vj I:)j Vi P;
Nebria brevicollis (F=2.9*%)

Lage 4.1 173 0005 -167 0001 174 0.001
Mediumedge 2.2 1.19 0.12 -1.09 023 1.33 0.03
Mediuminner 3.5 0.78 0.95 -0.79 094 0.87 0.80
Smdl 3.7 0.84 0.86 -0.79  0.96 0.84 0.88
Carabidae (F=21.5***)

Large 14.9 1.49 0.01 -1.53 0.008 1.30 0.05
Mediumedge 15.0 1.19 0.14 -1.34 004 1.15 0.16
Mediuminner 7.0 0.82 0.88 -0.712  0.80 0.80 0.94
Smdl 7.3 0.85 0.76 -0.92  0.66 0.93 0.63
Linyphiidae (F=8.6***)

Lage 74.7 121 0.11 -1.14 018 1.11 0.20
Mediumedge 85.2 1.10 0.23 -1.15 013 1.14 0.16
Mediuminner  79.6 111 0.25 -1.21  0.09 1.15 0.15
Smdl 55.6 1.02 0.40 -1.03 033 1.04 0.33
Lycosidae (F=20.2***)

Lage 15.2 1.63 0003 -161 0004 1.64 0.002
Mediumedge 14.0 1.59 0005 -145 0004 1.27 0.06
Mediuminner 4.8 1.02 0.38 -1.11 023 1.04 0.33
Smdl 3.3 124 0.08 -1.20 0.10 1.11 0.19
Collembola (F=65.6***)

Lage 46.6 1.07 0.29 -097 051 1.10 0.24
Mediumedge 29.8 1.03 0.41 -1.05 0.30 0.92 0.67
Mediuminner  16.8 1.28 0.07 -1.13 0.19 1.25 0.07
Smdl 2.87 124 0.08 -1.23  0.09 1.23 0.09
Weed cover

Large 159 1.17 0.13 -1.13  0.18 1.05 0.31
Mediumedge 11.0 0.86 0.77 -1.05 0.30 0.92 0.67
Mediuminner  10.2 1.77 0005 -161 0001 200 0.001
Smdl 2.6 114 0.18 -1.23  0.09 1.23 0.09
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Table 2. Association dtatistics comparing arthropod and weed distributions in the different grids
during 1996. Data sets are associated if 1i>1 and dissociated if 1<1. Values P; indicate the
sgnificance of associationsfor .

r It Pt
Nebria brevicollis
Large 0.14 0.90 0.71
Medium edge 0.16 1.0 0.49
Medium inner -0.04 1.0 0.53
Smdl
Carabidae
Large -0.08 0.99 0.52
Medium edge 0.44 1.13 0.15
Medium inner -0.11 0.94 0.81
Smdl -0.01 1.03 0.32
Linyphiidee
Large 0.25 1.10 0.12
Medium edge -0.03 0.99 0.70
Medium inner 0.03 1.0 0.54
Smdl 0.07 1.04 0.13
Lycosidae
Large 0.33 1.24 0.05
Medium edge 0.16 111 0.13
Medium inner 0.15 1.04 0.40
Smdl 0.12 1.21 0.09
Callembola
Large -0.28 1.0 0.48
Medium edge 0.17 0.99 0.53
Medium inner -0.49 0.75 0.86
Smdl 0.06 0.88 0.74
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Table 3. Summary satigtics comparing the effect of fidd Szein 1997. Indices |, and its associated
probability Pa indicate overal degree of clustering; vaues of 1.=1 indicate randomly arranged counts,

while I.>1 indicate aggregation of countsinto clugers. vj isthe average over dl inflowsindicaing

presence of clustering into gaps with its associated probability of departure from randomness P;. Vi
isthe average over dl outflows indicating patchiness with its associated probability of departure from
randomness P..

Hedddze Mean I, P, Vi P; Vi P,
Ritfal sampling

Amara spp.

Lage 1.8 1.24 0.09 -1.20 012 1.07 0.26
Smdl 3.3 1.55 0.005 -154 0.01 1.76 0.002
Bembidion lampros

Lage 7.7 1.39 0.03 -1.32 0.05 1.28 0.05
Smdl 6.4 1.22 0.13 -1.10 023 1.40 0.03
Pterostichus madidus

Lage 13.2 1.65 0003 -141 0.02 1.42 0.02
Smdl 9.9 1.02 0.38 -1.08 0.28 0.88 0.70
Carabidae

Large 38.8 2.0 0.005 -186 0.001 2.06 0.001
Smdl 33.6 1.57 0.008 -149 0.02 1.33 0.04
Linyphiidee

Lage 28.8 1.25 0.08 -1.21 0.10 121 0.10
Smdl 28.1 1.04 0.35 -1.03 036 1.04 0.35
Lycosidae

Lage 6.4 1.10 0.25 -1.09 024 1.17 0.14
Smdl 6.5 0.99 0.42 -093 059 1.0 0.41
Collembola

Lage 22.0 1.47 0.01 -1.26 004 1.35 0.03
Smdl 25.9 1.14 0.20 -1.04 034 1.34 0.05
Weed cover

Large 4.09 1.02 0.40 -151 001 151 0.01
Smdl 17.3 1.89 0003 -183 0001 1.27 0.08
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Table 4. Association Statigtics for arthropods with weed cover in 1997. Data sets are associated if
I>1 and dissociated if 1;<1. Vaues P; indicate the Sgnificance of associationsfor ;.

Largefidd Smdl fidd
r It Pt r l'[ Pt
Amara spp. 0.23 114 0.07 0.27 144 0.19
B. lampros -0.09 1.04 0.33 -0.14 1.03 0.44
P. madidus 0.03 0.93 0.70 -0.16 112 0.18
Carabidae 0.24 113 0.37 -0.03 117 0.33
Linyphiidae 0.18 1.09 0.21 0.14 1.08 0.15
Lycosdae 0.15 112 0.15 -0.14 1.08 0.26
Collembola 0.26 1.27 0.02 0.14 1.15 0.26
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Figure 1. Location of pitfal trgps within awinter whest field in 1996. For the large grid the pitfall
trgps are arranged in an gpproximately 30m spacing. For the medium edge (ME) and medium inner
grids (MI) the trgps are at 7.5m spacing, with the smdl grid using 1.5m spacing positioned within one
corner of the medium inner grid.

Figure 2. Tempord variation in the capture of arthropods in the pitfal traps. Vaues presented for
arthropods from the pitfal traps are total counts per sample date from the four grids located in a
winter wheat field during 1996.

Figure 3. Arthropod counts and percentage weed cover sampled on an approximeately rectangular
30m grid in awinter wheat field during 1996, categorised by interpolated contouring into equally
spaced shaded dengity classes. Above-average clustering at each sample unit into patches of grester
than average neighbouring counts is measured by the clugtering index, vi. Below-average clustering
creating gaps of less than average neighbouring counts is measured by the clustering index, v;.
Strong clustering into patches isindicated by units surrounded by circles with 1.5< vi. Strong
evidence of gapsisindicated by units surrounded by squares with 1.5< v;. In each case, the average

vaue of the patch clustering for the entire sample;” v, is shown above the map, together with its
datistical sgnificance on the null hypothesis that the observed counts were arranged randomly
amongd the sample units.

Figure 4. Arthropod counts and percentage weed cover sampled on a7.5m grid located at the edge
of awinter whegt field during 1996, categorised by interpolated contouring into equally spaced
shaded dengity classes. Notation, methodology and symbols are the same asin figure 2.

Figure 5. Arthropod counts and percentage weed cover sampled on a 7.5m grid located within the
centre of awinter wheet field during 1996, categorised by interpolated contouring into equaly
spaced shaded density classes. Notation, methodology and symbols are the same asin figure 2.

Figure 6. Arthropod counts and percentage weed cover sampled on a 1.5m grid, positioned within
one corner of the 7.5m grid located in the centre of awinter whest field during 1996. Counts were
categorised by interpolated contouring into equaly spaced shaded density classes. Notation,
methodology and symbols are the same asin figure 2.

Figure 7. Tempord variation in the capture of arthropods in the pitfal traps. Vaues presented for
arthropods from the pitfall traps are tota counts per sample date from the large field and small winter
whest fields during 1997.

Figure 8. Arthropod counts and percentage weed cover sampled on an gpproximately 30m grid
across the whole of alarge (16ha) winter whest field during 1997, categorised by interpolated
contouring into equally spaced shaded density classes. Notation, methodology and symbols are the
sameasinfigure 2.

Figure 9. Arthropod counts and percentage weed cover sampled on an approximately 30m grid
across the whole of asmall (4ha) winter wheet field during 1997, categorised by interpolated
contouring into equaly spaced shaded density classes. Notation, methodology and symbols are the
sameasin figure 2.
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Figure 8 (eight parts over two pages)
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Figure 9

Amara spp. (Coleoptera: Carabidae)
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