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Abstract

I investigated the effect of spatial configuration on distribution and abundance of invertebrate trophic groups by counting soil arthropods
under boxes (21 x 9.5 cm) arranged in six different patterns that varied in the amount of edge (137-305 cm). I predicted fewer individuals from
the consumer trophic group (Collembola) in box groups with greater amount of edge. This prediction was based on the assumption that
predators (mites, ants, spiders, centipedes) select edge during foraging and thereby reduce abundance of the less mobile consumer group under
box patterns with greater edge. Consumer abundance (Collembola) was not correlated with amount of edge. Among the predator groups, mite,
ant and centipede abundance related to the amount of edge of box groups. However, in contrast to predictions, abundance of these predators
was negatively correlated with amount of edge in box patterns. All Collembola predators, with the exception of ants, were less clumped in
distribution than Collembola. The results are inconsistent with the view that predators used box edges to predate the less mobile consumer
trophic group. Alternative explanations for the spatial patterns other than predator—prey relations include (1) a negative relationship between
edge and moisture, (2) a positive relationship between edge and detritus decomposition (i.e. mycelium as food for the consumer group), and
(3) a negative relationship between edge and the interstices between adjacent boxes. Landscape patterns likely affect microclimate, food, and
predator—prey relations and, therefore, future experimental designs need to control these factors individually to distinguish among alternative
hypotheses.
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1. Introduction I investigated the possible influence of edge on the spatial
) o distribution of invertebrate predator—prey groups within a
Landscape patterns affect animal distribution and play an forest-soil ecosystem located in the American prairies. I

important role in predator—prey interactions (Wiens, 1976;
Turchin, 1991; Ferguson et al., 1998). The distribution of
prey influences the movement and foraging behavior of
predators (Kotliar and Wiens, 1990). Also, landscape fea-
tures that affect predator foraging behavior will affect prey
spatial distribution (Lima and Zollner, 1996). Edges can act
as physical barriers (Bider, 1968) or as corridors for predator
foraging (Dyer et al., 2001; Vistnes and Nellemann, 2001)
and increase the vulnerability of prey located along edges
(Orians and Wittenberger, 1991) or disturb prey resulting in
fewer prey along edges (Lima and Zollner, 1996). The
amount of edge increases with spatial complexity (e.g. frag-
mentation) and the fractal dimension of landscape patterns
(Shorrocks et al., 1991) and, therefore, likely influences
predator—prey relations (Ritchie and OIff, 1999).

defined edges as the linear place where a box ends and which
is located farthest from the middle of a box. Irregular patterns
are often associated with fragmentation and are portrayed in
the experimental design as greater separation of individual
boxes within five-box configurations. Soil arthropods in-
clude Collembola, predatory mites (Acari), and three groups
of macroarthropods (spiders, ants, and centipedes). Collem-
bola are a consumer trophic group with restricted mobility
that often feed on stationary fungi (Hopkin, 1977). The more
mobile predatory mites prey on Collembola (personal obser-
vations; Hagvar, 1995). The macroarthropods (spiders, ants,
and centipedes) prey on both Collembola and mites (personal
observations; Eisenbeis and Wichard, 1987; Kampichler,
1995; Paquin and Coderre, 1997). I predicted lower abun-
dance of consumer prey and greater abundance of their
predators in landscapes with greater edge as edge habitat
E-mail address: fergusonsh@dfo-mpo.gc.ca (S.H. Ferguson). may favor predation (Murcia, 1995).
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2. Materials and methods
2.1. Study site

The study area consisted of a 0.13 km? stand of undis-
turbed trembling aspen (Populus tremuloides Michaux) for-
est located within 1.5 km of the city of Saskatoon in the
prairie region of south-central Saskatchewan, Canada
(52°10'N, 106°41'W). Grassland prairies in this region in-
clude small patches of forest dominated by an aspen over-
story. Precipitation on the dry-climate prairies is highly vari-
able both within and between years (Sala and Lauenroth,
1982; Ferguson, 2001). Mean monthly daily temperature
(1961-1990 normals) varied from 3.9 °C in April to 18.6 °C
in July and precipitation varied from 19.7 mm in April to
63.4 mm in June (annual mean = 28.9 mm). There was no
evidence or known history of grazing or other agricultural
use of the site.

2.2. Sampling

Patterns were designed using six arrangements of five
adjacent boxes (Fig. 1). Each box consisted of two 2-1 milk
cartons, one fitted inside the other (to create a solid box). The
box was half filled with sand amounting to approximately
2 kg thereby creating a footprint-sized depression of area
21 x 9.5 cm. Boxes depressed the leaf litter to an average
depth of 1.3 cm (Ferguson, 2000) creating a microhabitat
island for soil arthropods similar to that beneath a rock
resting on the forest floor. Measured microclimate differ-
ences under the boxes relative to outside of the boxes in-
cluded increased humidity and decreased temperature (Fer-

Pattern Edge

137

141

218

221

265

305

Zaxae]

Fig. 1. Length of edge (cm) for six different arrangements of five boxes
(21 x 9.5 cm) used to compare number of soil arthropods under boxes.

guson, 2000) that offered a home to a diverse soil fauna
community. I randomly placed four replicates of six patterns
(minimum distance between patterns = 3 m) within the pop-
lar stand.

Boxes were overturned and the numbers and size of all
macroarthropods and most microarthropods (Collembola
and mites) were visually counted. Arthropods that were
observed by this method are active surface dwellers. An
effort was made to lift individual boxes without disturbing
adjacent boxes and the pattern of lifting each box in a
pattern varied among surveys. A total of 20, 25, and
20 weekly surveys were conducted from May to October
1997, 1998, and 1999, respectively. I surveyed between the
hours of 11:00 and 17:00 during daylight. Leaf litter was
not moved and only arthropods directly under the box and
located on top of the litter at the moment when the box was
lifted were recorded. The survey numbers do not reflect
absolute abundance but rather a relative measure of abun-
dance of surface-dwelling soil arthropods. Time spent on
watching overturned box was not standardized but approxi-
mated to 1-3 min.

Arthropods observed under boxes were grouped into one
of three categories: Collembola, predatory mites, and mac-
roarthropods. The trophic groups were based on differences
in size and feeding habits. Collembola and predatory mites
(Gamasides: Krough, 1995) were the most abundant mi-
croarthropods (<3 mm). All Collembolan species and
stages of development were placed in one taxonomic group,
as most species consume fungi (Hopkin, 1977). Observed
Collembolan species were slow (no jumping species), small
(Iength ranged from 0.2 to 2.6 mm), and soft-bodied. Preda-
tory mites were identified according to their long legs and
greater mobility (relative to phytophagous mites), and were
placed in one taxonomic group since most are non-specific
predators that commonly feed on the less-mobile Collem-
bola (personal observations; Hagvar, 1995; Berg et al.,,
1998). All macroarthropods (>3 mm) were counted but
only data for likely predators of Collembola were consid-
ered here: spiders (Araneida), ants (Formicoidae), and cen-
tipedes (Chilopoda). Seventeen occurrences of predation of
mites were observed, seven by spiders, four by centipedes
and twice ants were observed carrying mites. Based on
these observations, I considered these three groups as
predators of mites (Sabelis, 1992). Other macroarthropod
groups included Diplura, Diptera (adult and larvae flies),
phytophagous mites (Acari: Oribatida), Hemiptera (bugs),
Homoptera, Pseudoscorpionida, Lepidoptera (moth and
butterfly larvae), Anoplura, Gastropoda, Isopoda, beetles
(Coleoptera and Staphylinidae, adults and larvae), Thysan-
optera (thrips), and Psocoptera (barklice) (Ferguson, 2001).

Although biomass was estimated, all statistical analyses
compared measures of abundance. To calculate biomass, I
measured body lengths for a sample of 20 arthropods (four
for each of five size classes) within each taxonomic category
using callipers (for specimens greater than 5 mm) or an
ocular micrometer on a dissecting binocular microscope (for
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specimens less than 5 mm). Measurements were made to the
nearest 0.1 mm from the most anterior part of the head to the
anus but exclude appendages. For each taxonomic group, I
used five categories to estimate body size in the field (catego-
ries 1-5 represented tiny, small, medium, large, and extra-
large). Subsequently, I used mean values from each of these
size categories to approximate individual body length. I de-
rived biomass using power function regressions between
body length and dry weight biomass (formulas from Ganihar,
1997).

2.3. Statistical analysis

The chief characteristic of each pattern was the total
amount of edge. Also considered as biologically relevant was
the total amount of interstices (defined as the narrow or small
space between boxes) between adjacent boxes. The amount
of interstices was measured as the distance (cm) of box edge
next to box edge within patterns. Measures of interstices
were negatively correlated with edge as the two summed to
the total box perimeter (5 boxes x 21 x 9.5 cm). Box patterns
were chosen to obtain a range of total edge (Fig. 1). The
amount of edge (L) was calculated as the perimeter (cm)
around patterns (total area = 998 cm?).

My goal was to test for relationships between spatial
configuration and arthropod abundance. I used a mixed
model (PROC MIXED in SAS Institute, 1996) to determine
the spatial factors affecting arthropod abundance while con-
trolling for the effect of time with repeated-measures analy-
sis of variance (ANOVA; Sokal and Rohlf, 1981). The re-
peated measure was week of survey. Statistical
interrelationships among the arthropod groups were not con-
sidered as the goal was to test for a relationship between
abundance and edge for individual arthropod groups (Col-
lembola, mites, spiders, ants, and centipedes). Here, the
single response variable was the abundance of each of the
five arthropod groups. The effect of two types of independent
variables was examined on abundance of groups of arthro-
pods: (1) time categorical variables (year and week of survey
nested within year) and (2) the amount of edge in each box
pattern as an interval variable. Sample units were the
five-box groups that were arranged into six patterns and
replicated four times (n = 24 patterns). Sampling occurred
every week (n = 20, 25, 20) over 3 years, 1997-1999
(n = 1560). For 1999 data, I excluded 12 of the 24 box
patterns (two replicates of each of the six patterns) that may
have been affected by a water addition experiment (Ferguson
and Joly, 2002) leaving a total of 1320 samples. The counts
included zero values and were not normally distributed;
therefore, I used non-parametric analysis by ranking data
(PROC RANK; SAS Institute, 1996) before ANOVA analy-
ses (Conover and Iman, 1981). I report raw means for these
variables in figures in Section 3.

Bivariate relationships were described using plots of
abundance on the y-axis (x1 S.E.M.) against edge on the
x-axis for four patterns with different edge amount. A second

order polynomial regression line was fit to the relationship to
display the pattern as positive, negative, or uniform. I did not
test the significance of the regression relationship as the
ANOVA results are considered the relevant statistical test.

To test for differences in spatial distribution among arthro-
pod groups under boxes, I used the coefficient of variation
(CV) as a measure of the Poisson distribution (i.e. mean
equals variance). Thus, the CV, given as variance/mean, will
approach 1 in samples following a Poisson distribution, >1 in
clumped samples, and <1 in uniform samples. CV was cal-
culated for each arthropod group for each survey using box
patterns as the sample unit. Thus, 24 box patterns estimated
mean and variance for each survey. The Mann—Whitney test
was then used to compare CVs of Collembola with arthropod
predators (n = 65 surveys).

3. Results

Collembola and mites were the most numerous arthropod
groups, although due to small size, they contributed less to
the total biomass than macroarthropods (Fig. 2). Of the
macroarthropods groups, ants contributed the greatest num-
ber of individuals and the greatest biomass.

I will describe relationships between edge and abun-
dance, although the same patterns exist for interstices. Edge
and interstices are inversely related and, therefore, I con-
sider interstices only as biologically relevant in the discus-
sion.

Collembola abundance was not affected by edge
(Fig. 3A). Collembola abundance increased within a year and
more Collembola were recorded in later years of survey
(Table 1).

Abundance of predatory mites varied with amount of edge
of box groups (Fig. 3B), year and week of survey nested
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Fig. 2. Density (number m~2) and biomass (mg m™2) estimates for nine soil
arthropod groups found under box groups.
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Fig. 3. Arthropod abundance (+1 S.E.M.) relative to length of edge. (A)
Collembola abundance vs. amount of edge of box groups. (B) Abundance of
predatory mites vs. amount of edge of box groups. (C) Abundance of spiders
vs. amount of edge of box groups. (D) Abundance of ants vs. amount of edge
of box groups. (E) Abundance of spiders vs. amount of edge of box groups.

within year (Table 1). Mite abundance decreased under box
groups with more edge. As with Collembola, mite abundance
increased over time both within a year and among the 3 years
surveyed.

Of the three-macroarthropod groups, ant and centipede
abundance was negatively associated with amount of edge
(Table 1). Greater ant (Fig. 3D) and centipede abundance
(Fig. 3E) occurred in box sites with less edge. In contrast,
spider abundance was not related to edge (Table 1). Abun-
dance of all three macroarthropod groups varied with time of
survey, however, only ants and spiders varied with year
(Table 1).
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Fig. 4. Changes in abundance of Collembola and predatory mites over
20 weekly surveys from 18 May to 4 October 1997. Arrows indicate rainfall
events.

During the short periods of significant precipitation, the
abundance of Collembola near the surface leaf litter in-
creased an average of 15 times relative to dry periods (Fig. 4).
With the exception of ants (CV = 268), predators (mites
CV =79, spiders CV =66, and centipedes CV = 32) were less
clumped in distribution than Collembola prey (CV = 189;
U=3.1,P<0.01).

4. Discussion

The distribution and abundance of predators but not
consumers was related to spatial pattern. I tested the predic-
tion that prey would be distributed at higher density in more
uniform patches of landscape that provided few ‘navigation
features’ for predators that forage along linear features. In
contrast, consumers (Collembola) were not noticeably af-
fected by box patterns relative to edge. However, following
wet periods and high humidity, Collembola abundance was
large, a pattern noted by other researchers (Reddy and
Venkataiah, 1990; Hijii, 1994). For the dry periods that
followed wet periods, Collembola density was reduced

Results of analysis to determine the effects of year, week, and amount of edge on abundance of five groups of soil arthropods. Sample units were five-box groups
(six patterns replicated four times, n = 24) sampled during 20, 25, 20 weekly surveys in 1997, 1998, 1999, respectively (n = 1320)

Arthropod Response variables Explanatory variables
abundance Model, df = 67,1252 Edge, df =3 Year, df =2 Week (year), df = 62
F P F P F P F P

Collembola 76.7 0.0001 0.02 0.99 80.9 0.0001 80.3 0.0001
Acari 40.3 0.0001 2.7 0.046 72.0 0.0001 41.1 0.0001
Aranea 34 0.0001 1.3 0.28 5.5 0.004 34 0.0001
Formicoidae 8.5 0.0001 12.1 0.0001 6.6 0.001 8.3 0.0001
Chilopoda 2.6 0.0001 5.3 0.001 2.0 0.14 2.5 0.0001
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along edges (Ferguson, 2000). The experimental format did
not account for changes in microclimate, such as humidity
and, therefore, was unable to distinguish this alternative
hypothesis. Previously, I found that arthropod predators
were more abundant close to edge (Ferguson, 2000). In
contrast to these findings, results of this experiment found
that certain predators (ants, centipedes, and possibly mites)
were more abundant in box patterns with less edge while
others (spiders) were not affected. The observed spatial
distribution of consumers and predator groups is not con-
sistent with the view that some predator groups concen-
trated foraging efforts along box edges thereby reducing
prey abundance in box patterns with greater edge. Unfortu-
nately, the experimental design was unable to distinguish
results from alternative explanation of the observed pat-
terns. The center of boxes may act as a physical shelter from
exterior microclimate (i.e. greater sunlight and reduced
humidity), or shelter (i.e. reducing risk of predation), or
boxes grouped together may provide more food (i.e. humid
interstices).

Due to considerable differences in body size (two orders
of magnitude), different arthropod groups likely perceive
the spatial configuration of boxes differently. The small
Collembola may have concentrated near the center of indi-
vidual boxes where humidity was higher and all boxes may
have been perceived as similar. In contrast, mites (small but
more mobile than Collembola), ants, and centipedes may
have perceived the larger uniform box groups as having
favorable microhabitat characteristics. Previously, I found
relatively constant humidity under boxes with distance to
edge (Ferguson, 2001). However, I did not measure changes
in humidity over time among the different box patterns.
Abundance of predatory mites increased during dry peri-
ods, whereas Collembola prey abundance increased follow-
ing precipitation events, as has been observed by other
researchers (Stamou et al., 1993; Klironomos and Ken-
drick, 1995; Badejo et al., 1998; Detsis et al., 2000). Previ-
ously, we did not find evidence for regulation of Collem-
bola by predatory mites (Ferguson and Joly, 2002),
although mite predation of Collembola still occurred and
may have been greater along edges. Consumer abundance
was not affected by the complexity of the artificial land-
scape patterns, although I did not measure vertical or hori-
zontal migration under box patterns that may have occurred
during dry periods to avoid desiccation.

Of the predators of Collembola, none were more abun-
dant with greater spatial complexity or greater amount of
edge. Thus, edge may not influence the hunting behavior of
predators. This result is surprising, as seven of the eight
groups of soil arthropods were previously found closer to
edge than expected (Ferguson, 2000). One explanation is
that not all individuals along edges were foraging. For
example, the movements of predators varied with time of
day. Some individuals may have been inactive diurnally and
located under boxes for protection from large arthropod or
vertebrate predators. Proximity to edges may have occurred

if individuals did not move far under boxes. During noctur-
nal periods, they may forage beyond the boxes. Another
consideration is that movements of individual predators,
relative to the distribution of their prey, may be constrained
to a home range. Thus, arthropod predator density may be
relatively uniform across box groups and may not correlate
with prey density. As well, predators and prey may interpret
the landscape features of their shared environment differ-
ently. Predatory mites, ants, and centipedes did exhibit a
spatial distribution negatively correlated with the amount of
edge. Thus, amount of edge or the complexity of the land-
scape likely affects predator—prey spatial relations for some
soil arthropod groups as has been shown for vertebrates
(e.g. Russell et al., 1992).

Why are mites, ants, and centipedes found in greater
numbers under box groups with less edge? Ants formed
colonies that were more likely to occur in more uniform box
patterns (unpublished data) that may have provided a larger
undersurface relative to edge. Mites are small relative to ants,
spiders, and centipedes, and, thus, may have been predated
along edges by larger macroarthropod predators, thereby
reducing their numbers or distribution along edges. Centi-
pedes, by their large size, may require a larger uniform area
due to their home range area requirements. Spiders were less
affected by the availability of edges. Spiders may use box
edges to construct their webs and there was some indication
of greater abundance in box patterns with greater edge
(Fig. 30).

There are limitations of the sampling methodology used
in this study. Taxonomic levels lower than the one I used to
identify arthropods would certainly provide more detailed
results. Results may vary with particular prey preference
and foraging behavior within a taxonomic order. For ex-
ample, springtail and mite populations appear to be regu-
lated intrinsically by competition for food and secondarily
by temperature rather than by predation (Ferguson and Joly,
2002). Sampling was done around mid-day which may bias
results if certain arthropod groups follow a circadian cycle
of activity (Eisenbeis and Wichard, 1987). Bias may result
if the arthropods found under boxes over-represent and
under-represent certain trophic groups that migrate to
deeper soil-based ecosystem. Another concern is the large
biomass of ants (Fig. 2) found in this study that may have
the effect of obscuring patterns among other arthropod
groups (Madden and Fox, 1997). Patterns of spatial distri-
bution are influenced by temporal patterns, particularly
time lags (Kareiva, 1990) making it difficult to detect spa-
tial associations of predators and prey and separating alter-
native explanations. I suggest a revised sampling design
that uses sheets of plywood cut to varying smooth shapes.
The patterns could be designed to differ in the amount of
edge and fractal dimension (Corbit and Garbary, 1995). The
use of flat plywood would remove interstices as a confound-
ing factor. Also, humidity could be measured over time to
control for microclimatic variation. Alternatively, container
experiments (Teuben and Verhoef, 1992) with linear sur-
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face features could be monitored using video-recorders to
assess predator—prey interactions relative to spatial distri-
bution.

My findings could not distinguish between the alternate
views that soil arthropod predators, food, and microclimate
differences created a more clumped distribution pattern
among consumer prey. This clumped distribution may have
occurred as a result of predator searching behavior associated
with edge that removed most prey along patterns with greater
edge habitat. Alternatively, box patterns with different
amount of edge may have provided different microenviron-
ment that supported greater decomposition, and hence more
detritivores. Nonetheless, the results of this experiment con-
tradict other studies (Oehler and Litvaitis, 1996) that suggest
consumers may concentrate in large blocks of uniform habi-
tat as a result of use of edges by predators. Future research is
required to control individually the spatial and temporal
patterns of food, microclimate and landscape to better under-
stand predator—prey relations.
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