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ABSTRACT

The following investigations were conducted to
evaluate grassy strips of different age for or-
ganic arable fields. From September 2009 to
October 2010, adult ground beetles were sam-
pled by pitfall traps in three grassy strips (2, 4,
and 9 years old), their adjacent cropping areas,
their field edges, and a control field (age 0) in
Schleswig-Holstein, northern Germany. Carabid
assemblages were similar among the fields,
strips and edges. Grassy strips and edges had
higher species richness and lower activity den-
sity than the control field. Activity density in-
creased with increasing distance from the field
edge in grassy strips and in the adjacent fields.
In cropping areas, species richness and Shan-
non’s H increased with increasing age of strips,
whereas evenness and activity density de-
creased with increasing distance from the field
edges. Compared to carnivorous and phytopha-
gous carbides, omnivorous species were affe-
cted less by age of strips and distance from field
margins. In the strips, species richness of the
dominant species increased with age and de-
creased with distance, but the effect of strip age
on species richness was still found in more than
150 m from the margin. A positive effect of the
age of grassy strips on species richness was
found for cropping fields, grassy strips and field
edges. Old grassy strips also exerted greater
influence on the species richness and biodiver-
sity of the adjacent arable fields than the youn-
ger strips.
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1. INTRODUCTION

The loss of biodiversity in Europe is mainly linked to
the after-effects of the intensification of agriculture and
the removal of natural habitats [1]. In order to reduce its
drastic effects in the future, sustainable intensification of
agriculture and the conservation of the biodiversity are
recommended for food security [2]. The natural and
semi-natural habitats adjacent to the arable fields are im-
portant sources of a diverse fauna and support the colo-
nization of arthropods when the fields are empty after the
harvest [3]. Among these habitats, grassy strips are con-
sidered to function as corridors for dispersal [4], source
of food [5], refuge during field work phases [6], and
overwinter sites for beneficial insects [7]. Their vegeta-
tion diversity supports the insect diversity and density in
the adjacent arable fields [8]. After destruction of these
habitats, large field areas demand their reconstruction for
the invasion of predators into the fields [4,9].

Among the soil-dwelling predators, the ground beetles
(Carabidae) are used as biological indicators because of
their diversity, well-known ecology and taxonomy, sensi-
tivity to biotic and abiotic factors, relevance at multiple
spatial scales and their ample collection without diffi-
culty for analysis [10]. They consume weed seeds [11],
prey on pests [12], and have an integral position in the
food web [13].

It has been found in many investigations that organic
farming supports beneficial insects [14]. For the conser-
vational strategies and the biological control in organic
agriculture, the establishment or augmentation of semi-
natural habitats are recommended [15]. Several reports
have shown the effect of distance from the natural habi-
tats on ground beetles [16,17]. Most of the investigations
on the positive effects of grassy strips on carabids were
executed under conventional agriculture. Recent studies
show that the carabid fauna under organic farming in
arable field centres resemble that of field margins [18].
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Few investigations have been executed concerning in-
fluence of age of grassy strips on biodiversity [35].
Therefore, this study focuses on the combined effects of
age and length of grassy strips as determining factors on
biodiversity of arable fields. Thus, the following ques-
tions should be answered: 1) have grassy strips beneficial
effects on carabids in organic farming? 2) Does biodiver-
sity change with the distance from field edges? 3) Do
older grassy strips support biodiversity better than the
younger ones and 4) can we predict the combined effects
of age and distance on the species richness in grassy
strips and adjacent fields?

2. MATERIAL AND METHODS

2.1. Experimental Area and Sampling
Design

The following investigation was performed from Sep-
tember 2009 to October 2010 in four organic arable
fields: two in “Panten” and two on the adjacent “Hof
Ritzerau”, Schleswig-Holstein, Northern Germany. The
distance between the two locations was approximately 1 -
3 km. The climate of the area is moderate with 685.5 mm
rainfall and 8.1°C mean yearly temperature over a 30
year period. The soil type is sandy loam [19].

Three of the selected fields had grassy strips and one
was chosen to be the control field. Two grassy strips, 2-
and 4-year-old, were in “Panten” and the 9-year-old
grassy strip was in “Hof Ritzerau”. All the grassy strips
were approximately 3 m wide and established and man-
aged in the same way during their development. The
grassy strips were established as “beetle banks” [4,9], but
grass vegetation dominated already in the second year.
Original seed mixture contained ten herb species and few
grass species, e.g., Hordeum vulgare L. However, al-
ready in the second year all strips were dominated by the
main grass species, i.e., Lolium perenne L., Poa trivialis
L., and Elymus repens (L.) Gould. Both grass coverage
and species richness ranged between 60% - 70% and 50 -
60 species, respectively, and represented the typical
grassy vegetation in moderately moist sites of northern
Germany [20]. All field edges were characterized by
woods or hedges and a grassy strip in front of them ad-
jacent to the field with the same vegetation as in the es-
tablished grassy strips. Wheat crop was sown in the
fields.

Adjacent to each grassy strip, one cropping area (4-
and 9-year-old) or two cropping areas (2-year-old) were
investigated. The definition “cropping area” was selected
for the arable field adjacent to the grassy strips to distin-
guish it from the control field (without grassy strip).

Adult ground beetles were collected by using pitfall traps:

glass jars, half filled with 90% glycol and a surface ten-
sion reducing agent. The traps were covered with trans-
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parent plastic plates elevated by two iron strips fixed into
the soil to protect the traps from rain and birds.

Three traps were installed on each field edge. Fur-
thermore, two lines of pitfall traps were installed: one in
the arable field and one in the grassy strip. The traps of
the two lines were in 30 m distance intervals beginning
from the field edges. In the control field 50 m intervals
were chosen due to the long distance between the field
edges (Table 1). The distance between the two lines of
traps was 30 m. Due to the narrow width of the grassy
strips, only two replicate pitfall traps were installed in
each row per 30 m interval in approximately 1.5 m dis-
tance from each other. The calculations were based on
the distance to the nearest field edge, so the fields with
two field edges (2- and 4-year-old fields and control field)
provided two sets of traps for each distance. Pitfall traps
were generally changed at monthly intervals, except in
winter (December-March). However, sampling periods
were not consistent because of agronomic activities. All
beetles were identified up to species level according to
[21].

2.2. Data Analysis

The activity density of carabids was calculated in in-
dividuals (ind.) 100 trap-days ' for further analysis. Spe-
cies richness was measured by 1) total number of species
per trap, 2) sample-rarefaction method and 3) species
number needed for 90% of dominance. For the last pa-
rameter, the species were ordered in decreasing order of
dominance and the number of species needed to get 90%
of the total specimens was taken. This parameter was
selected because the capture efficiency of traps in arable

Table 1. Number of pitfall traps in the four age groups (zero,
two, four, nine) and the four habitats (Edge = 0 m, G = grassy
strip, C = cropping area, F = control area).

Age Two Four  Nine Zero (Control)
b Slf:‘:;;azm) G C GCG C Totl Dizﬁ‘;ce F
Edge 6 6 3 15 Edge 3
30 4 8 4 4 2 2 24 50 4
60 4 8 4 4 2 2 24 100 4
90 4 8 - - 2 2 16 150 4
120 4 g§ - - 2 2 16 200 4
150 4 § - - 2 2 16 250 4
180 - - - -2 2 4 300 4
- - - - 350 4

- - - - 400 4

Total 20 40 8 8 12 12 115 32
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fields is higher than in grassland or forests [22] and to
avoid effects by accidental species. The biodiversity was
determined by Shannon’s H and evenness.

The assemblages of the carabids in different habitats
were compared by the Detrended Correspondence Anal-
ysis (DCA). In the DCA, the traps of the cropping areas,
strips, and field edges of each of the three fields and of
the control field were combined into one sample.

To compare differences in the activity density, species
richness, Shannon’s H, and evenness among the four
habitats (field edges, grassy strips, cropping areas, and
control field), nested ANOVA was performed, where all
the individual traps were nested within the habitats. Due
to the unavailability of more grassy strips of the same
age in the selected region, we executed the experiment
without replication. According to the problems with non-
replicated experimental designs [23], nested ANOVA
was used. Each grid of two traps was combined to one
sample. Therefore, the grids at the same distance from
the two field edges were considered to be two samples.
Similarly, the three traps of each field edge were used as
one sample.

While analysing the effect of age of grassy strips, the
control field used was a 0-year-old strip, since strips are
usually ploughed after 2 years and established at another
place. The effects of age and distance were analysed us-
ing multiple linear regression after testing the data on
normal distribution. For the analysis of feeding groups,
carabids were classified, according to their feeding habits
[24,25], into three groups, i.€. carnivorous, omnivorous
and phytophagous. To find the effect of strips on the
cropping areas, only the values of the cropping area traps
in a distance of more than 30 m from the field edges
were used in order to omit the edge effect. The statistical
analyses were performed using the program STATIS-
TICA [26]. For DCA and the calculations of biodiversity
indices and rarefaction, the PAST program [27] was
used.

3. RESULTS
3.1. Faunal Composition and Assemblages

A total of 23,146 ground beetles (11,068 in Panten,
12,078 in Hof Ritzerau) was found which were classified
into 89 species (67 in Panten, and 74 in Hof Ritzerau)
(Table 2). The following ten most abundant species con-
tributed 85% to the total amount: Pterostichus mela-
narius (19.3%), Poecilus cupreus (18.2%), Anchomenus
dorsalis (10.8%), Bembidion lampros (6.4%), Harpalus
affinis (6.2%), Pseudoophonus rufipes (5.7%), Nebria
brevicollis (5.3%), Carabus auratus (4.8%), Bembidion
tetracolum (4.5%), and Trechus quadristriatus (3.8%). In
the control field, field edges, grassy strips, and adjacent
cropping areas, 51, 57, 62, and 63 species, respectively,
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were found. Classification on feeding habits showed the
following order: carnivorous (45 species) > phyto-
phagous (20 species) > omnivorous (7 species).

The four habitats were weakly separated according to
the Detrended Correspondence Analysis with an eigen-
value of 0.33 on the first axis (Figure 1). The lowest
similarity was shown between the edge site of the 9-
year-old strip and the control field, although they both
were located on Ritzerau farm. Strips and cropping areas
formed no separate clusters, but cropping sites exhibited
a stronger similarity than strip sites.

Activity density was the highest in the control field for
all carabids, carnivorous, and omnivorous species, but it
was the highest in the grassy strips for the phytophagous
species (Table 3). In general, the lowest activity density
was found in field edges. Species richness, determined as
the number of species per trap, was also the lowest in the
field edges, whereas it was also lowest in grassy strips
for carnivorous species. However, phytophagous species
showed the lowest species richness in the control field.
In contrast to species richness, diversity determined by
Shannon’s H was the highest in the field edges or the
grassy strips. Evenness was the lowest in the control area,
except for phytophagous species.

3.2. Effect of Distance and Age of Grassy
Strips on Adjacent Fields

The results of the multiple linear regressions showed
that either age or distance had an impact on the various
diversity values and activity density, except for species
richness of the phytophagous carabids that was affected
by both parameters (Table 4). Omnivorous species show-
ed the lowest effects by the two parameters. Overall,
Shannon’s H was mainly correlated with age, whereas
evenness and activity density were mainly correlated
with distance. This means that the Shannon’s diversity in
the cropping field increased with an increase in age,
whereas evenness decreased with distance from field
edge. In the cropping field, the correlation coefficients
were usually closer than in the grassy strips.

The number of species needed for 90% of total speci-
mens decreased from field edge to strip centre in all
strips regardless of age (Figure 2). Multiple regression
revealed significant results for both age (r = 0.56) and
distance (r =0.57) (F = 15.3, DF = 2.18, p < 0.01). These
two factors explained 63 % of the variability (r = 0.79).
The steepest decrease occurred close to the field edge,
while a more or less steady state was reached at 30 m to
60 m distance from field edge.

The higher species richness in the cropping area near
the 9-year-old strip was also found by the sample rare-
faction method. According to this method, the species
richness was highest in the cropping area near the 9-
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Table 2. Total activity density of the carabids in the four habitats and the age classes of the grassy strips (0 indicates the control field,
2, 4 and 9 the age (years) of the strips); feedings habits (Feed. habit): C = Carnivorous, O = Omnivorous, P = Phytophagous.

Habitat Feed. Field edges Grassy strips Cropping areas Total
Species/Age habit o5 4 9 2 4 9 0 2 4 9
Pterostichus melanarius C 39 38 8 11 320 6 96 2330 1362 38 215 4463
Poecilus cupreus (6] 16 2 9 4 349 9 490 1688 1111 52 482 4212
Anchomenus dorsalis C 16 82 2 16 104 6 76 1176 715 185 120 2498
Bembidion lampros C 6 11 7 212 8 55 242 662 164 120 1487
Harpalus affinis (6] 14 17 7 6 205 11 160 473 257 87 210 1447
Pseudoophonus rufipes (0] 14 47 24 2 139 40 17 74 814 129 21 1321
Nebria brevicollis C 32 46 9 69 19 35 58 703 32 223 1226
Carabus auratus C 12 28 1 118 109 48 18 646 71 65 1116
Bembidion tetracolum C 142 14 . 7 29 14 55 561 110 10 103 1045
Trechus quadristriatus C 33 7 6 35 14 19 63 200 91 132 271 871
Poecilus versicolor C 4 2 4 5 58 2 227 5 270 7 75 659
Amara similata (¢} 1 1 4 218 4 9 232 21 34 30 554
Agonum muelleri C 14 2 1 6 2 17 259 26 3 98 428
Carabus nemoralis (0) 7 5 38 16 4 25 83 10 33 3 16 240
Calathus fuscipes C 5 0 15 . 3 51 89 5 3 171
Clivina fossor C 7 0 19 14 3 31 29 30 12 145
Amara aenea P 5 1 1 18 . 32 10 14 6 37 124
Amara familiaris P 3 2 1 60 . 5 3 21 22 5 122
Bembidion properans C 1 25 42 1 3 42 114
Carabus granulatus C 3 4 7 2 10 9 56 7 2 100
Other species (69) 22 33 17 72 49 31 69 251 126 46 81 803
Total (89) 364 340 171 182 2013 321 1578 7723 7157 1066 2231 23,146

year-old strip, intermediate in the cropping area of the 4-
year-old strip and lowest in the cropping areas of 2-
year-old strip (Figure 3).

Using the 90% level of species richness, significant
correlations were also exhibited for cropping areas (Fig-
ure 3). The number of dominant species in the cropping
areas increased with increasing age of strips. Cropping
areas adjacent to the 9-year-old strip had on average
three species more than the control field representing age
0 in the succession. In the control field, the difference
between field and edge was small, with 2 species on av-
erage, but difference increased with increasing age.

If the 30 m distance traps were omitted to focus on the
effect of the strips on the cropping areas, the activity
density showed no difference among the three cropping
areas for all carabids, carnivorous, and omnivorous spe-
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cies except the phytophagous carabids with higher activ-
ity density in the cropping areas near the 4- and 9-year-
old strips than in the 2-year-old strip (Table 5). For om-
nivorous and phytophagous carabid species, species
richness exhibited significantly higher values in the crop-
ping area near the 9-year-old strip than in the two other
areas. A similar pattern was found when the diversity
was determined by Shannon’s H. The cropping area near
the 9- or 4-year-old strip revealed higher values than the
cropping area near the 2-year-old strip. This was true for
all carabids, carnivorous, and phytophagous species,
whereas Shannon’s H for the omnivorous species was
equal in all three cropping areas. The results for evenness
were mostly insignificant. Only carnivorous species had
lower evenness in the cropping area near the 2-year-old
strip than that near the 9-year-old strip.
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Table 3. Mean activity density (ind. 100 trap-days "), species richness, Shannon (H), and evenness in the different habitats for all

species and three feeding groups; different exponent characters (
'median instead of mean, NS: not significant; FpF, Gradient-

ab e d) show significant differences found by LSD test at p < 0.001;

Habitat Control Cropping areas Grassy strips Field edges Fi
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
All species
Activity density' “85.1 °65.3 48.47 411.04 149.4
Species richness *17.60 0.10 17.40 3.14 16.52 3.53 °14.44 423 8.7
Shannon (H) "2.03 0.22 .27 0.18 0.27 0.23 10.23 0.29 12.6
Evenness 40.44 0.10 €0.57 0.09 °0.61 0.11 %0.68 0.13 326
Carnivorous
Activity density' 258.93 °33.34 €13.45 47.64 165.3
Species richness 11.53 1.59 10.82 1.71 °9.85 2.39 ®9.11 3.01 103
Shannon (H) °1.60 0.27 *1.88 0.20 1.82 0.32 .79 0.32 9.3
Evenness €0.45 0.12 °0.62 0.11 *0.66 0.13 0.72 0.17 28.5
Omnivorous
Activity density' 26.74 °13.33 €10.20 .30 91.2
Species richness *4.66 0.97 °4.18 0.95 °4.15 0.70 3.28 1.02 11.2
Shannon (H) °0.95 0.23 °1.00 0.17 11.12 0.20 °0.94 0.36 6.1
Evenness €0.58 0.13 °0.68 0.15 0.76 0.14 10.83 0.11 20.0
Phytophagous
Activity density' °0.39 °0.84 ’1.12 °0.29 17.9
Species richness €0.96 0.74 *1.93 1.30 .26 1.5 be1.40 1.06 113
Shannon (H) ®0.14 0.31 *0.56 0.48 %0.63 0.52 90.41 0.41 10.7
Evenness 0.75 0.44 0.78 0.36 0.76 0.35 0.72 0.45 NS

4. DISCUSSION

In the Detrended Correspondence Analysis, very low
eigenvalues depict a close similarity in the species com-
position of the different habitats. The close relationships
among carabid assemblages of arable ficlds were already
stressed [28,29]. In our study, even the similarity be-
tween field edges and arable fields was high. The highest
differences along the first canonical axis were found be-
tween the control field and the field edges. The organic
practices are an explanation for this high similarity. After
a six year period of organic farming, [18] found that the
species diversity of field centres resembles that of field
edges. They also emphasised that the number of species
occurring only in field edges under conventional farming
increases in field centres of organic arable fields.

We found higher activity densities in arable fields than
in the grassy strips, as documented in many studies
[30,31]. However, higher activity densities were also re-
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ported for grassy structures or flower strips in compari-
son to arable fields [11,32]. The higher activity density of
the control field and the cropping areas may be due to the
open ground surface. When compared to grassland or
forests, a significantly higher mobility of species is found
in arable fields [22]. The higher activity density in the
arable fields in comparison to the field edges or grassy
strips is, therefore, contributed to the greater mobility of
species and not to their higher population density. Since
the ratio between density and activity of species is unde-
termined for the different habitats, it is assumed that ac-
tivity density is not an efficient factor for evaluating the
ecological processes.

The lowest biodiversity was measured in the control
field. Higher diversities were found in the field edges
and the grassy strips, which illustrate that carabids bene-
fit from undisturbed habitats even under organic prac-
tices. Their higher biodiversity can be contributed to the
stable and diverse environment and better food availabil-
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Table 4. Results of the multiple linear regressions using age and distance parameters; Const.: constant, Dist.: distance; r: correlation
coefficient; significantly (<0.05) affected by parameter(s); p: refers to model with both parameters.

Field; DF (2,18)

Strip; DF(2,18)

Const. Age Dist. r P Const. Age Dist. r P
All species
Species richness 15.08 '0.49 0.31 0.58 0.020 14.44 '0.44 0.31 0.54 0.04
Shannon’s H 2.20 "0.66 —0.26 0.71 0.002 2.25 0.34 —0.28 0.44 NS
Evenness 0.63 0.30 —0.67 0.74 0.001 0.69 —-0.09 "—0.63 0.63 0.01
Activity density 29.12 —0.06 "0.66 0.66 0.006 25.44 —0.25 '0.54 0.59 0.02
Carnivorous
Species richness 9.52 0.28 0.44 0.52 NS 8.80 0.41 0.34 0.53 0.04
Shannon’s H 1.63 '0.87 0.10 0.88 0.001 1.59 '0.83 0.14 0.84 0.001
Evenness 0.58 "0.70 —0.30 0.76 0.001 0.60 '0.47 —0.24 0.53 NS
Activity density 21.95 —0.13 '0.67 0.60 0.004 19.79 —0.40 0.41 0.57 0.03
Phytophagous
Species richness 0.72 '0.75 '0.31 0.81 0.001 0.71 '0.50 0.33 0.60 0.02
Shannon’s H 0.17 '0.70 0.24 0.74 0.001 0.16 '0.52 0.23 0.57 0.03
Evenness 0.56 '0.53 0.34 0.63 0.010 0.51 0.28 0.36 0.45 NS
Activity density 0.22 "0.69 0.13 0.70 0.002 0.51 0.41 0.36 0.55 NS
Omnivorous
Species richness 3.92 0.20 0.24 0.31 NS 3.92 —-0.10 0.44 0.45 NS
Shannon’s H 1.06 0.14 —0.41 0.43 NS 1.16 -0.20 —0.33 0.38 NS
Evenness 0.78 —-0.10 *~0.58 0.59 0.02 0.86 -0.17 —0.62 0.65 0.008
Activity density 10.74 —0.12 '0.56 0.57 0.03 9.16 -0.17 '0.57 0.59 0.02

ity [5,33,34].

Our findings that species richness and diversity in-
creased with the age of strips are supported in some other
investigations [7,35,36]. However, it must be taken into
account that local conditions and the number of acciden-
tal species can produce a high variability. The significant
increase of the dominant species with age of the grassy
strips points out the general importance of age for the
biodiversity of the habitats investigated. In particular,
carnivorous species benefit from older grassy strips. The
importance of older field margins for the predatory fauna
is shown by a better predator-prey ratio and parasitism
than in younger margins [37]; the younger habitats have
shorter food chains and simpler food-webs than the older
habitats [16].

Distance from field edges plays an important role in
the overall biodiversity of arable fields. In our investiga-
tion, species richness of the most dominant species (ac-
cumulated 90% of specimens) in grassy strips increased
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with an increase in age and decreased with increasing
distance from the field edge. In contrast, activity density
increased in both cropping areas and grassy strips with
increasing distance from the field margin.

No significant decline was seen in the species richness
of carabids with an increase in distance from the bound-
ary hedge [38]. However, in another study species rich-
ness decreased with increasing distance from the field
margin, whereas activity density showed no change at
the distances of 30 m and 250 m [39]. They [39] could
not find significant differences of species richness be-
tween the fields with and without strips at different dis-
tances, whereas the results of [40] documented increas-
ing arthropod diversities from the cropping areas to the
near hedge cropping area and strip in intensively man-
aged arable fields. According to [16], the population of
the arthropods decreases with increasing distance from
grassy strips. The effect of distance can be based on the
size of the species; the activity density of small carabids
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Figure 1. The first two axes of the Detrended Correspondence
Analysis show four habitats (control, grassy strips, cropping
areas, and field edges). Suffix 2, 4 and 9 with strip, field edge
and crop refers to the habitats related to the 2-, 4-, and 9-
year-old grassy strips.
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Figure 2. Number of species needed for 90% of total speci-
mens in strips in relation to strip age and distance from the
field edge.

decreased, while that of large carabids increased from the
field margins [41]. Although the overall results are con-
tradictory, the arthropod diversity decreases from the
field edge to the field centre in many investigations. The
significant differences in the abundance of the carabids at
different distances were also related to the prey availabil-
ity [42].

Our findings that older grassy strips promote species
richness in adjacent arable fields are supported by [43],
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Figure 3. Number of species that account for at least 90%
dominance (a) and species richness of sample rarefaction on
crop areas near grassy strips of different ages (b).

who found a higher species richness in the cereals be-
tween the weed strips than inside the arable field without
weed strips. In contrast to [43], our investigation re-
vealed no significant influence of the grassy strips on the
overall activity density in the adjacent field. The grassy
strips have no influence on the population of the macro-
fauna in the nearby fields [38], whereas [39] documented
an increase in the abundance of the carabids in the arable
fields near grassy field margins. The positive effect of
grassy strips on the biodiversity in arable fields has been
documented in many studies [8,17,30]. The landscapes
with large areas of grassland increase diversity of
carabids in soybean fields [44]. The close relationship
between landscape and the biodiversity of farmland was
also stressed [45]. Our results concerning the significant
correlation between age of grassy strips and the species
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Table 5. Mean activity density (ind. 100 trap-days "), species
richness, Shannon (H), and evenness for all species and the
three feeding groups in the central cropping areas; different
exponent characters (%, ®, ", ™) show significant differences

found by LSD test; NS: not significant; Fpr, Gradient-

Age Two Four Nine
Mean S.D. Mean S.D. Mean S.D. F;
All species
Activity density'  51.7 39.8 69.3 NS
Species richness  *17.60 0.10 “17.40 3.14 “16.52 3.53 78.06
Shannon (H)  °220 0.16 *2.41 0.18 *2.47 0.17 “710.84
Evenness 0.55 0.10 0.9 0.05 0.09 0.11 NS
Carnivorous
Activity density’  36.00 26.25 47.23 NS
Species richness 1094 1.62 12.00 0.82 11.20 0.95 NS
Shannon (H)  °1.83 0.17 *1.95 023 “2.11 0.13 10.39
Evenness 0.59 0.10 ®0.60 0.12 “0.71 0.07 76.76
Omnivorous
Activity density’  14.7 13.3 19.65 NS
Species richness  °3.9  0.82 *4.00 0.82 *4.90 12 "4.40

Shannon (H) 096 0.16 1.08 023 099 0.16 NS

Evenness 0.70 0.16 0.75 0.10 0.59 0.14 NS
Phytophagous

Activity density'  °0.67 *1.40 .71 "20.82
Species richness  °1.69 133 ®2.50 129 ®3.20 0.92 *6.97

Shannon (H) ~ "0.48 0.51 ™0.66 0.51 0.96 035 4.68

Evenness 0.76 041 0.88 0.12 0.85 0.11 NS

richness in field edges indicate that not only the arable
fields benefit from old grassy strips, but also the adjacent
semi-natural habitats.
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