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We studied the spatial occurrence of carabid beetles in four uniform forest areas
on the Aland Islands, SW Finland. In each of the forest areas we took samples in five
sampling sites with fifteen pitfall traps. The spatial dispersion of carabids was
examined on both the community and the species level and in three spatial scales:
(1) among the traps in each sampling site, (2) among the sampling sites within each
forest area, and (3) among the forest areas. An ordination analysis did not reveal any
systematic differences in the floristic characteristics among the sites.

Within the sampling sites, Trechus secalis showed an aggregated dispersion
pattern in six out of 12 sites analyzed. The two other species analyzed (Pterostichus
melanarius, P. niger) both differed from random dispersion in one site. Out of the
six species studied only T. secalis showed an aggregated dispersion pattern among
the sites in every forest area. A one-way analysis of variance indicated that none of
the abundant species had an aggregated dispersion among the forest areas. In small
spatial scales, aggregated dispersion pattern of forest carabids seems to be the rule,
but the pattern has no obvious explanation in habitat variability.

J. Niemeld, Y. Haila & E. Ranta, Department of Zoology, University of Helsinki,
P. Rautatiekatu 13, SF-00100 Helsinki, Finland.

1. Introduction

The spatial dispersion of populations is
often aggregated in natural habitats (Elliot
1977). Mathematical models have been devel-
oped to describe the aggregated dispersion
pattern (e.g. Neyman 1939, Cole 1946, Thomas
1949, Pielou 1974, Hassell 1978), and the ecol-
ogical significance of the pattern has been the
focus of numerous studies (Krebs 1972).

A natural reason for non-random distribu-
tion of populations in space is habitat varia-
tion, and the habitat preferences of carabids
have been the subject of many studies (e.g.
Thiele & Kolbe 1962, Szyszko 1974, Thiele
1967). Forest carabid communities have been
used as references for communities in other
habitats such as urban areas or fields (e.g. Cze-
chowski 1982, Neumann 1971, Thiele 1964,
1971). However, the aggregated dispersion
pattern creates a methodological problem for
such comparisons: How representative is a lo-
cal sample for the community composition in
the habitats as a whole? Most carabid species
have clear preferences at the biotope (‘macro-

habitat’) level (Thiele 1977), but little 1s
known about the factors behind the aggregat-
ed dispersion pattern of carabids within a hab-
itat (Greenslade 1964), or about their ‘micro-
site’ requirements (sensu Whittaker & Levin
1977) within habitats regarded as uniform by
human standards. An analysis of the aggregat-
ed pattern is clearly relevant also for quantita-
tive estimates of carabid communities within
uniform habitats. In such studies we ought to
know how large a sample has to be in order to
be representative.

In this study we examine the spatial disper-
sion of carabid beetles in uniform coniferous,
OMT-type forest areas on the Aland Islands,
SW Finland. We sampled carabids in four
areas that were as similar as possible to the
human eye in their overall vegetation. We
wanted to minimize the effect of habitat differ-
ences and to compare the spatial dispersion of
the beetles among vegetationally similar areas.
We analyzed the spatial dispersion of the ca-
rabid beetles both on the community and on
the species level in three spatial scales: (1)
among the traps in each sampling site, (2)
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Table 1. Characteristics of the vegetation of the sampling sites (1 —20) in the sampling areas (A—D). Proportions ( %) of
the eleven most abundant plant species are given as averages of the five randomly selected one m? squares. Plant species
included in the correlation test (see p. 294) are marked with an asterisk.

A C D

1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20
Calluna vulgaris — — 9 — = = = = = = = o= == = — = = = 927
Deschampsia flexuosa* 8 12 — 12 — 8 6 5 9 5 8 2 1 8 4 13 6 7 — 3
Dicranum majus* 100 2 2 6 3 4 11 10 2 18 10 8 12 1 12 - = 2 1 =
Equisetum silvaticum 5 — - = 27 - - - - - - = = — 1 e
Linnea borealis* 3 4 - 4 - 5 8 8 5 5 6 6 5 2 5 100 7 7 3 2
Lysimachia vulgaris = = mm o o = = 2 = = = 525 = = = - - — 8 -
Majanthemum bifolium* 6 10 — 8 — 2 4 6 5 4 6 10 5 10 9 12 7 4 3 —
Pleurozium schreberi* 6 5 18 5 1 6 17 2 14 14 17 6 4 7 7 11 8 11 4 25
Vaccinium myrtillus* 13 11 15 18 13 17 13 11 14 16 16 8 9 4 6 9 11 15 7 7
V. vitis— idaea* 6 5 9 5 8 6 5 7 910 5 2 6 5 6 5 910 9 6
Sphagnum sp. 6 — — 3 20 - - 9 2 - 1 2 3 - - - 4 — 18 —
Total 63 49 63 61 72 48 64 60 60 72 69 44 45 37 50 60 52 56 53 70

among sampling sites within each of the four
sampling areas, and (3) among the sampling
areas within the uniform forest habitat. We
also studied the relationship between vegeta-
tion characteristics and carabid abundance.

2. Material and methods

2.1. Study area

The study was made on the Aland Islands, situated in
the northern Baltic between SW Finland and Sweden
(about 60°N, 20°E). The study area is on the main island
of Aland, which actually comprises two large islands sep-
arated by a narrow (10 m) channel. The total area of Main
Aland is about 970 km’.

We selected four sampling areas (indicated as A, B, C
and D) from the largest and most uniform forest areas that
we could find on the topographic maps. Continuous
forest covers about 625 ha in sampling area A, 222 ha in B,
388 ha in C, and 175 ha in D. The forests are mainly
spruce-dominated, belonging to the Oxalis-Myrtillus type
in the Finnish forest site type classification. Distances
from the sampling areas to habitats under intensive
human influence such as fields, villages and main roads
range from 0.5 km (B) to 1.5 km (A). The distances be-
tween the sampling areas range from 10 km to 27 km.

In each of the four sampling areas we selected five separ-
ate sampling sites with distances of 100— 150 m. The field
layer and ground layer vegetation of the sampling sites in
five randomly placed 1 m” grids was examined by visually
estimating proportional coverages of the plant species
(Table 1).

2.2 Sampling procedure

The carabids were sampled by pitfall traps (Southwood
1978). Plastic cups, 65 mm in diameter and 170 ml in

volume, were half filled with a solution of water and de-
tergent. Sampling was done twice during the season in
periods of five days: 8—16 June and 16—23 August 1983.
Fifteen traps were placed in a grid of 3X5 traps (Niemeli
et al. 1985) in each sampling site, making the total
number of traps 75 at each sampling area. The distance
between the pitfall traps in the grid was 2—3 m. The
sampling procedure was similar in each sampling area
and in both sampling periods, but the exact location of
the traps was different in the two periods.

To analyze the spatial dispersion of single species
among the traps within each site, and among the sites
within each sampling area, we calculated the agreement
of the dispersion with the Poisson series. The test is based
on the equality of the variance and mean in the Poisson
series:

= §/x,
where I = index of dispersion, s = variance and
x = mean (Elliot 1977:40—44). Index values close to one
indicate an agreement with the Poisson series, i.e.,

random dispersion. The agreement of the index with the
Poisson series was tested with a x*-test (df=n—1):

X' =I(n—1),

where n=number of sampling units (Elliot 1977:40—44).
Index values significantly greater than one (i.e., s*>%)
indicate aggregated dispersion. The power of the test is
naturally dependent on sample size. For instance, if only
one individual is found in a set of fifteen traps, the pattern
of necessity agrees with the Poisson series. Consequently,
we included in the analysis only the most abundant
species (in the analysis among the traps we included
species with five or more individuals, and among the sites
species with 42 or more individuals).

We also examined the dispersion pattern among all the
20 sites by the one-way analysis of variance in order to test
whether the variance among the sites-was greater than
within the sites (original data square-root transformed).
Dispersion among the sampling areas was examined
using the one-way analysis of variance on the basis of the
pooled samples of each sampling site.
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Table 2. Number of carabid beetles sampled in sampling sites 1 —20 in sampling areas A— D (sampling periods pooled).
P indicates number of sampling sites where a species was sampled. The expected species number (with SD) is calculated
with rarefaction to 40 individuals. Nomenclature follows Silfverberg (1979).

A B C D
1 23 45 A 6 7 8 910 B 1112131415 C 1617181920 D Total P
Trechus secalis 016 04812 76 8 21020 7 47 0 8 8 4 1 21 2128 3 1 5 58 202 17
Pterostichus melanarius 146 5 4 3 59 11 6 4 38 3 27 1 0020 3 0213 5 38 23 112 16
P. miger 3 21811 2 3 9 4 6 3 8 30 o101 0 2 75010 13 81 15
Carabus hortensis 56 04116 7 3 3 8 4 25 1 6 20110 13301 8 59 17
Calathus micropterus 2 253 012 12 38 4 3 2 24 2 2121 8 22002 6 50 17
P. oblongopunctatus 02105 8 703 314 27 000O0OT1 1 12021 6 42 12
Agonum fuliginosum 00 0 020 20 0 0 0 0 0 O 0Oo00O0O0OO0O O1O010 2 22, 3
A. obscurum 00002 2 0O0O0O0O0 O 0O00O0O0OTOO O0O0OOO0OGO0O O 2 1
Amara brunnea o000O0OO0O O OOOOTUO0O O 000O0OT1 1 0O0O0OO0OO0O O 1 1
C. violaceus 1 0410 6 00101 2 1 0010 2 02001 3 13 9
Cychrus caraboides 02100 3 30012 6 000O0O0OO0O 24331 13 22 10
Dyschirius globosus 0O00O0O0O O OO0OO0OO0OO0O O 000O0O0OO OO0OO0OT1TO0 1 1 1
Harpalus quadripunctatus 0000O0O O OOOOO O 0O00 00 O O0O0OO0OO0OT1 1 11
Leistus ferrugineus 10210 4 000O0O0 O 0Oo00O0O0O O OO0OO0OO0OO0O O 4 3
L. terminatus 1 2000 3 10000 1 000O0O0T1 1 0123°0 6 17
Loricera pilicornis 00 00O O OO0OO0OO0OO0O O 000O0O0OUO O0O0OT1 20 3 3 2
Notiophilus biguttatus 11001 3 01001 2 000071 1 11000 2 8 8
Patrobus assimilis 00 0 01 1 002 00 2 o0100 1 0O0O0OT1°0 1 5 4
P. atrorufus 00 0 01 1 10 0 2 1 0 13 000O0O0OO0 OO0OT1O0TO0 1 15 5
P. nigrita 000O0O0O O OOOO0OTO0O O 000O0OO0O O OO0OTO0CS3O0 3 3 1
Sample size 15 79 36 72 48 250 68 19 35 42 42 206 517 1210 7 51 385 51 26 23 15 150 657
Species number: observed 4.9 7 710 15 9 6 9 8 9 12 4 4 45 71 711 711 8 17 20
expected 9.6t1.4 89%1.0 9.8+0.9 11.4+1.5
2.3 Plant cover Vegetation
m20
The characteristic field layer dominants of the OMT- O3
forest type, Vaccinium myrtillus and V. vitis-idaea were L
found in all sampling sites in roughly equal percentages.
Another vegetation characteristic common to the sites is
the great coverage of Majanthemum bifolium and the o
scarcity of Oxalis acetosella. Some important indicator 1st
plant species were characteristic only for some of the sam- (0.27) P
pling sites. For instance, Calluna vulgaris was found in o7
only two sampling sites, but was abundant in these sites, b %11
indicating the relative dryness of the sites (Table 1). ms % ‘9 Os
We made an ordination of the vegetation of the sam- EM04£O1
pling sites by the detrended correspondence analysis L 5 @7
(DCA) (Gauch 1982). Sampling sites in the four sampling 2 “gg
areas do not form clusters separated from each other in the Oz
ordination (Fig. 1). There are, however, some outliers in me
the ordination, characterized by relatively scarce indica- k 1‘ : ‘2 —
tor species (Table 1). Two of the outlier sites (3, 5) are in 2nd (018)

study area A and three (18, 19, 20) in study area D. The
first axis of the ordination most likely indicates differ-
ences in the soil moisture of the sampling sites, character-
ized by plant species such as Calluna vulgaris at the dry
end of the axis and Lysimachia vulgaris and Sphanum sp.
at the wet end.

To test whether there are systematic differences in the
vegetational composition of the sites among the four
sampling areas we calculated the Euclidian distances be-
tween the five sampling sites in each sampling area on the
basis of the DCA-ordination (axes I and II). The observed
distances were then compared with the Euclidian distance
between five sites drawn randomly from the 20 sampling
sites. The observed distance among the sites in sampling
area A is 130 (randomly drawn distance < observed 995

Fig. 1. The sampling sites (1 —20) of the sampling areas
(A=0, B=e, C=0, D=M) plotted on the 1st and 2nd axis
of detrended correspondence analysis according to their
plant cover. The eigenvalues of the axes are shown in
parentheses.

times out of 1000), in B 40 (211), in C 29 (69), and in D 114
(961). The distances between five randomly drawn sites are
not significantly longer than the distances observed with-
in the sampling areas, i.e. there are no systematic differen-
ces among the four sampling areas. On the other hand, in
sampling areas A and D the observed distances are signifi-
cantly longer than the random ones due to the vegetation-
ally deviating sites (Fig. 1, Table 1).
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3. Results
3.1. Dispersion of single species

The total number of carabid beetles in the
samples from the four forest areas was 657 in-
dividuals belonging to 20 species (Table 2).
The most abundant species was Trechus seca-
lis (31 % of the pooled sample) and the second
in terms of abundance was Pterostichus mela-
narius (17%). P. niger comprised about 12 % of
the pooled sample, while the proportions of
the remaining species fell below 10%. Cala-
thus micropterus and Carabus hortensis were
scarce, but evenly distributed, occurring in 17
of the 20 sites.

Within the sampling sites

The lowest spatial level of the analysis
comprises the spatial dispersion among the
traps within each of the 20 sampling sites. We
investigated the three most abundant species
(Trechus secalis, Pterostichus melanarius,
P. niger) in sites where the sample size was
five or more individuals. Because the exact lo-
cation of the traps differed between the two
sampling periods, calculations were made sep-
arately for both periods. T. secalis shows an
aggregated dispersion pattern (Table 3) within
six of the 12 sampling sites examined. The
dispersion of P. melanarius and P. niger dif-
fered from random in one site out of five and
four sites, respectively.

The difference between T. secalis on the one
hand and P. melanarius and P. niger on the
other hand is presumably due to differences in
abundances. Naturally, the x° value and
sample size are positively correlated (Elliot
1977, Table 3). The dispersion of the three
species within the outlier sites in the vegeta-
tion ordination (3, 5, 18, 19, 20, Fig. 1) does
not seem to differ from the dispersion pattern
in other sites. We also compared the disper-
sion of Agonum fuliginosum in site 5 (20 in-
dividuals) with the Poisson series; it agrees
with random (x*=13.78, NS, df=14).

Within the sampling areas

We included the six most abundant species
in the investigation at the intermediate spatial
level. The analysis is based on the pooled
samples of both sampling periods (Table 2).

Jari Niemeld, Yrjo Haila & Esa Ranta

Table 3. Agreement with the Poisson series (tested by x%)
of the three most abundant species in the sampling sites
(1—20) with five or more individuals in the sampling
areas A—D. Period of analysis (ILII) and number of
individuals (in brackets) are given. Levels of statistical
significance: NS not significant p>0.05, * p<<0.05, **
$<<0.01, *** $<0.001.

Trechus Pterostichus P. niger
secalis (II) melanarius (I) (I)
1
2 36.5 (16)***  21.6 (34) NS
A 3 10.2 (5) NS 20.3 (18) NS
4 35.7 (48)** 16.9 (10) NS
5 23.0(12) NS
6 182 (8) NS 20.0(10) NS 10.8 (8) NS
7 28.0 (5)*
B 8 29.0(10)*
9 56.6 (20)***
10 252 (7)* 33.7 (T)**
11
12 220 (8)NS
C 13 108 (8) NS
14
15
16 36.8 (21)***
17 14.8 (28) NS
D 18 22.0 (5) NS
19

20 22.0 (5) NS

T. secalis showed an aggregated dispersion
within every sampling area, in the other spe-
cies the pattern is variable (Table 4).

We also analyzed the dispersion of T. seca-
lis, P. melanarius and P. niger within each
sampling area by one-way analysis of vari-
ance. For T. secalis the variation between the
sampling sites is significantly greater than
within the sites in sampling area A
(Fa70=10.52, p»<<0.001), in C (F40=2.84,
$<<0.05), and in D (F470=7.61, p<0.001), for
P. melanarius in A (F470=15.70, $<<0.001),
and for P. niger in A (F470=6.26, p<<0.001). In
sampling area A the variance between the
sampling sites was significantly greater than
within the sites for all three species, while the
reverse holds true in sampling area B. In the
other two study areas the pattern is more vari-
able.

The abundance of carabids might correlate
with differences in the vegetation characteris-
tics of the sampling sites. We checked whether
the abundances of T. secalis, P. melanarius
and P. niger differed in the outlier sites in the
vegetation ordination (3, 5, 18, 19, 20) (Fig. 1)
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Table 4. Agreement with the Poisson series (x°) of the six most abundant species among the
sampling sites within the sampling areas A—D. Sample sizes (periods pooled) are given in
brackets. Statistical significance as in Table 3.

A B C D
Calathus micropterus 5 (12) NS 14.0 (24)** 0.8 (8) NS 4.0 (6) NS
Carabus hortensis 8.4 (16) NS 4.4 (25) NS 11.0 (10)* 45 (8) NS
Pterostichus melanarius  124.8 (59)*** 8.4 (27) NS 5.2 (3) NS  22.0 (23)***
P. niger 28.0 (36)*** 4.4 (30) NS 3.0 (2) NS 16.0 (13)**
P. oblongopunctatus 10.8 (8)* 21.6 (27)%** 4.0 (1) NS 2.4 (6) NS
Trechus secalis 102.0 (76)***  18.8 (47)***  13.6 (21)** 50.8 (58)***

from the abundances in the other sites. In site
3, P. niger is most abundant in study area A, in
site 18 the abundance of P. melanarius 1is
highest in area D, and in site 19 the abundance
of T. secalis is lowest in area D. However, this
variation does not seem to be greater than the
variation in species abundances at the other
sites (see Table 2).

Among the sampling areas

We analyzed the large scale spatial disper-
sion (among the four sampling areas) by the
one-way analysis of variance. The variance be-
tween the study areas i1s not significantly
greater than the variance within the areas for
any of the six most abundant species (data in
Table 2).

3.2 Community structure

To study the structure of entire carabid
communities in the sampling sites, we ordi-
nated the data with the DCA (Fig. 2). The
sampling sites are more dispersed than in the
vegetation ordination. Of the four outliers,
three (5, 18, 19) are the same as in the vegeta-
tion ordination (Fig. 1 and 2). They are char-
acterized by species that were scarce in our
study area: Sampling site 5 by Agonum fuli-
ginosum (20 individuals of the total of 22
caught), site 18 by Loricera pilicornis (one in-
dividual of the total three caught), while site
19 is the only one where Dyschirius globosus
and P. nigrita were caught. In addition to
these, sampling site 15, comprising seven in-
dividuals of seven species, is an outlier in the
carabid ordination.

To check whether there are systematic dif-
ferences in the carabid community structure of
the sampling sites among the four sampling

areas we calculated the Euclidian distances be-
tween the five sites in each sampling area on
the basis of the DCA ordination (I and II axes).
The observed distance was then compared
with the Euclidian distance between five sites
drawn randomly from the 20 sampling sites.
The observed distance among the sampling
sites in sampling area A is 96 (randomly
drawn distance < observed 666 times out of
1000), in B 26 (1), in C 95 (653), and in D 92
(608). The random distances tend to be shorter
than the observed distances in all but one
study area (B), indicating that the sampling
sites of study area B form a distinct group.

We then compared the relation between
sample size and species numbers in the four
sampling areas by the rarefaction method
(Simberloff 1978, James & Rathbun 1981). No
statistically significant differences were found
(Table 2).

( Carabids
mo
2+
mis Os
1st
(0.32)
2
1+ ®6 o 7 s
%
me i3
20
20 o7
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o8 n ©
D 1 | 1 ]
1 2
2nd (0.16)

Fig. 2. The sampling sites (1 —20) of the sampling areas
(A=0, B=e, C=0, D=M) plotted on the Ist and 2nd axes
of detrended correspondence analysis according to their
carabid communities. The eigenvalues of the axes are
shown in parentheses.
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3.3 The influence of habitat differences

Vegetational composition presumably re-
flects environmental factors that are important
for carabids. To test whether the variation in
the structure of carabid communities can be
explained by the floristic differences among
the sites, we calculated the Spearman rank
correlation between the vegetation and carabid
DCA scores of the sites (Fig. 1 and 2). No corre-
lation was found: r,= —0.329, df=18 (between
the first axes of the ordinations), r,=0.103,
df=18 (between the second axes). We also cal-
culated the Spearman rank correlation be-
tween the seven most abundant plant species
(for the species see Table 1) and the sample size
of T. secalis, P. melanarius and P. niger in the
sampling sites. Two out of 21 correlations
were statistically significant at the 0.05 level
(P. melanarius vs. Majanthemum bifolium
and P. niger vs. Vaccinium myrtillus) but this
low number of significant correlations can be
due to the great number of comparisons. The
vegetation descriptions were made on the level
of sampling sites which makes it impossible to
estimate the effect of vegetation on the disper-
sion of carabids among the traps within indi-
vidual sampling sites.

The spatial dispersion of carabids may also
reflect the dispersion of their food items. Since
most carabid species are predatory, we calcu-
lated the number of springtails, mites, earth-
worms, molluscs and different insect larvae in
the traps to compare the dispersion of carabids
and their potential food. A positive correlation
was only found between the number of carab-
ids and springtails at the level of sampling
sites (Fig. 3). We also compared the sample
sizes of springtails and T. secalis in the traps
in one randomly selected sampling area (B) by
Spearman rank correlation. The correlation is
not statistically significant (at 0.05 level) in
any of the five sampling sites, although the
springtails showed an aggregated dispersion
in every sampling site within study area B.

4. Discussion

The aggregated dispersion of carabids seems
to be a prevailing pattern in our study area in
the two lowest spatial scales, i.e., among the
traps within sampling sites and among sam-
pling sites within sampling areas. At the level
of the sampling areas, however, differences in
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Fig. 3. Number of carabids as a function of number of
collembola in the sampling sites in the sampling areas
(A=0, B=e, C=0, D=M) with regression line
(*=0.262, p<<0.05) drawn.

abundances tend to even out; i.e. average den-
sities are fairly uniform in the regional scale.
Habitat characteristics do not offer any ob-
vious explanations for the aggregated disper-
sion pattern, except in some specific cases
(e.g., the concentration of Agonum fuligino-
sum in the moist sampling site 5). It is obvious
that the aggregated dispersion pattern of forest
carabids is important both methodologically
and in the population dynamics of individual
species.

There are several potential explanations for
the within-habitat aggregation of organisms.
Reproductive behaviour may lead to aggrega-
tion of adults, or of the offspring (due to clus-
tering of eggs laid by the females) (Cole 1946).
Prey dispersion may also be the reason for
aggregation of predators. Bryan & Wratten
(1984) confirmed experimentally this effect on
carabids that use aphids as prey in a cereal
field. The numbers of springtails and carabids
correlate positively at the level of sampling
sites in our study area, which suggests that
carabids and springtails react in a similar way
to some environmental factors. However, it is
difficult to assess the significance of the corre-
lation as we do not know the exact food re-
quirements of the carabid species occurring in
our study area.

Individuals may also prefer a certain micro-
climate within a habitat, which would lead to
aggregations at the most favourable sites (Cole
1946). Organisms might also show a tendency
to aggregate due to behavioural interactions
without any apparent influence of abiotic en-
vironmental factors (Cole 1946, Elliot 1977).
Reise & Weideman (1975) showed that aggre-
gations of Pterostichus oblongopunctatus
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changed from ‘trap to trap in three successive
nights without any clear connection to en-
vironmental differences.

Another approach for interpreting the
spatial dispersion of populations among the
sampling sites would be by the concept of the
‘interaction group’ (den Boer 1977, 1981). Den
Boer (1977:23) defined an ‘interaction group’
as ‘“‘a group of individuals living in places
with spatial dimensions that do not substan-
tially exceed the distances normally covered by
the individuals in the relevant patterns of ac-
tivity during their lifetime’’. The densities of
different ‘interaction groups’ may fluctuate
independently of each other even in a relative-
ly homogenous area (den Boer 1981). If sam-
ples are taken from independently fluctuating
‘interaction groups’ the sample sizes may
differ considerably, but as the samples from
several ‘interaction groups’ are pooled the va-
riation in the population level as a whole
tends to even out (den Boer 1981). The fluctua-
tions of independent ‘interaction groups’ are
presumably due to differences in reactions to
the spatial heterogeneity of the sampling sites,
and to demographic stochasticity (den Boer

1981).
It would be important to know whether our
samples represent different ‘interaction

groups’. The distance covered by a carabid
during its lifetime depends on its size (Thiele
1977). Den Boer (1981) reported that most of
the individuals of a Pterostichus-species
slightly smaller than P. melanarius covered
less than 200 metres during their lifetime. As
the distances between the sampling sites with-
in our sampling areas were 100— 150 metres,
we cannot be sure that we have sampled differ-
ent P. melanarius and P. niger ‘interaction
groups’. For T. secalis the samples have pre-

295

sumably been taken from different ‘interaction
groups’, as the distance covered by an individ-
ual of the species is probably considerably .
under 100 metres. Den Boer (1981) reported
that the majority of individuals of Calathus
melanocephalus (size 6—8.8 mm, Lindroth
1961) covered less than 80 metres during their
lifetime; the size of T. secalis is 3.5—4 mm
(Lindroth 1961). Thus, the differences in
abundances of T. secalis among sampling sites
in our study could be explained by the effect of
independently fluctuating ‘interaction
groups’. When the samples from different
sampling sites are pooled within each sam-
pling area, the differences tend to level off.

However, we only have a one-year snapshot
of the abundances of populations in different
sampling sites, and in subsequent snapshots
details of the picture would presumably be dif-
ferent (Andrewartha & Birch 1984). Den Boer
(1981) showed that the size of the same ‘inter-
action group’ varies a lot between subsequent
years. The ‘interaction group’-approach does
not, however, explain the aggregated disper-
sion pattern of carabids in the lowest spatial
scale, among the traps within individual sam-
pling sites.

To conclude, there is variation in the local
abundances of carabids in our vegetationally
uniform sampling habitat. The aggregated
dispersion pattern of individual species makes
it difficult to predict the composition of local
carabid assemblages on the basis of habitat
composition alone.

Acknowledgements. Our thanks are due to Olli Jarvin-
en, Sara Tjossem and Kari Vepsaldinen for valuable
comments on an earlier draft of this paper. The study was
financed by the Academy of Finland; a grant from the
Emil Aaltonen foundation to JN is gratefully acknowl-
edged.

References

Andrewartha, H. G. & Birch, L. C. 1984: The ecological
web. — 506 pp. The University of Chicago Press.

Bryan, K. M. & Wratten, S. D. 1984: The responses of
polyphagous predators to prey spatial heterogenei-
ty: aggregation by carabid and staphylinid beetles
to their cereal aphid prey. — Ecol. Ent. 9:251—259.

Czechowski, W. 1982: Occurrence of Carabids (Coleopte-
ra, Carabidae) in the urban greenery of Warsaw
according to the land utilization and cultivation.
— Memorabilia Zool. 39:3—108.

Cole, L. C. 1946: A theory for analyzing contagiously dis-
tributed populations. — Ecology 27:329—341.

den Boer, P. J. 1977: Dispersal power and survival. Carab-
ids in a cultivated countryside. — Misc. Papers
Landb. Hogeschool Wageningen 14:1—190.

den Boer, P. J. 1981: On the survival of populations in a
heterogenous and variable environment. — Oeco-
logia (Berl.) 50:39—53.

Elliot, J. M. 1977: Some methods for the statistical analy-
sis of samples of benthic invertebrates. — Fresh-
water Biological Association Scientific Publica-
tion 25 (2nd edition): 1—156.

Gauch, H. H. Jr. 1982: Multivariate analysis in communi-
ty ecology. — 298 pp. Cambridge Univ. Press.



296 Jari Niemeld, Yri6 Haila & Esa Ranta

Greenslade, P. J. M. 1964: The distribution, dispersal and
size of a population of Nebria brevicollis (F.), with
comparative studies on three other Carabidae. — J.
Anim. Ecol. 33:311—333.

Hassell, M. P. 1978: The dynamics of arthropod predator-
prey systems. — 237 pp. Princeton Univ. Press,
New Jersey.

James, F. C. & Rathbun, S. 1981: Rarefaction, relative
abundance, and diversity of avian communities. —
Auk 98:785— 800.

Krebs, C. J. 1972: Ecology, the experimental analysis of
distribution and abundance. — 694 pp. Harper &
Row, London.

Lindroth, C. H. 1961: Svensk insektfauna, 9, fam. Carabi-
dae. — 209 pp. Entomologiska Foéreningen i
Stockholm, Stockholm.

Neumann, U. 1971: Die Sukzession der Bodenfauna (Ca-
rabidae— Coleoptera, Diplopoda und Isopoda) in
den forstlich rekultivierten gebieten des Rheini-
schen Braunkohlenreviers. —  Pedobiologia
11:193—226.

Neyman, J. 1939: On a new class of “‘contagious” distribu-
tions applicable in entomology and bacteriology.
— Ann. Math. Stat. 10:35—57.

Niemeld, J., Ranta, E. & Haila, Y. 1985: Carabid beetles in
lush forest patches on the Aland Islands, south-
west Finland: an island—mainland comparison.
— J. Biogeography 12:109—120.

Pielou, E. C. 1974: Population and community ecology,
principles and methods. — 424 pp. Gordon &
Breach, London.

Reise, K. & Weidemann, G. 1975: Dispersion of predatory
forest floor arthropods. —  Pedobiologia
15:106— 128.

Silfverberg, H. 1979: Enumeratio Coleopterorum Fennos-
kandiae et Daniae. — 79 pp. Helsingin Hyonteis-

vaihtoyhdistys, Helsinki.

Simberloff, D. 1978: Use of rarefaction and related me-
thods in ecology. — In: Dickson, K. L., Garins, ]J.
Jr. & Livingston, R. J. (ed.), Biological data in
water pollution assessment: quantitative and sta-
tistical analysis. Am. Soc. for Testing and Mate-
rials STP 652:150— 165.

Southwood, T. R. E. 1978: Ecological methods. 2nd edi-
tion. — 524 pp. Chapman & Hall, London.
Szyszko, J. 1974: Relationship between the occurrence of
epigeic carabids (Coleoptera, Carabidae), certain
soil properties and species composition of a forest

stand. — Ekol. Polska 22:237—274.

Thiele, H.-U. 1964: Okologische Untersuchungen an Bo-
denbewohnenden Coleopteren einer Heckenland-
schaft. — Zeitschr. Morphol. Okol. Tiere 53:
537—586.

—» — 1967: Ein Beitrag zur experimentellen Analyse von
Euryokie und Stenokie bei Carabiden. — Zeitschr.
Morphol. Okol. Tiere 58: 355—372.

—» —1971: Wie isoliert sind Populationen von Waldca-
rabiden in Feldhecken?. — In: den Boer, P. J. (ed.),
Dispersal and Dispersal Power of Carabid beetles.
Misc. Papers Landb. Hogeschool Wageningen 8:
105—111.

— »»— 1977: Carabid beetles in their environments. — 369
pp- Springer-Verlag.

Thiele, H.-U. & Kolbe, W. 1962: Beziehungen zwishen
bodenbewohnenden Kifern und Pflanzengesell-
schaften in Wildern. — Pedobiologia 1:157—173.

Thomas, M. 1949: A generalization of Poisson’s binomial
limit for use in ecology. — Biometrika 36:18 —25.

Whittaker, R. H. & Levin, S. A. 1977. The role of mosaic
phenomena in natural communities. — Theoreti-
cal Population Biology 12:117—139.

Received 13.V.1985, revised 27.1.1986
Printed 30.1X.1986



