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Summary

The role of hedgerows as reservoirs for beneficial arthropods in agroecosystems has
been extensively studied, but their importance as habitats for springtails (Collembola)
is largely unknown. Population recovery in arable fields by epigeal Collembola can
occur either from population sources in non-crop habitats or in-situ reproduction of
field-dwelling species. In this study we investigated the recovery of springtail popu-
lations in a spring-sown cereal crop following a physical disturbance due to tillage. To
investigate the role of a hedgerow in population recovery, replicated lengths of hed-
gerow were isolated from the field using exclusion barriers.

Some species of Collembola (elgotomurusspp.,Bourletiella hortensiswere
consistently more abundant next to the hedgerow than within the field. Areas of the
field adjacent to barriered sections of hedgerow developed significantly different po-
pulations and community structures compared to unbarriered ‘controls’. Abundance
of several species in the field (elgptoma viridis, Sminthurinus elegans, Sminthurus
viridis) was reduced by hedgerow barriers, providing the first evidence that hedge-
rows could be important source habitats for the colonisation or recolonisation of ara-
ble fields by Collembola.
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Introduction

The importance of hedgerows for the fauna of arable farmland has been extensively
studied (e.g. Pollard 1968a, b; Sotherton 1984, 1985; Burel 1996). It is well known
that grass banks and hedgerows are important shelters and sources of recolonisation
for predatory arthropods (Dennis 1991; Dennis & Fry 1992) and even for earthworms
(Hansen et al. 1989). The presence of source populations is important for recovery fol-
lowing periodic agricultural disturbance including tillage and pesticide applications,
both of which have been shown to be detrimental to Collembola (e.g. Heisler 1994;
Edwards & Thompson 1973; Hopkin 1997). Pesticides in particular have been found
to have long-lasting effects upon epigeal springtail populations (Filser et al. 1995;
Frampton 1997). However, the potential of hedgerows as refugia for field-dwelling
Collembola has received little attention, although previous work (Alvarez et al. 1997,
Reddersen 1997) showed a decrease in species density, diversity and biomass with in-
creasing distance from the hedgerow into the field.

This study aimed to determine whether hedgerows act as source habitats of arable
field collembolan populations in the spring. Polythene barriers, which effectively
block the movement of Collembola (e.g. Gravesen & Toft 1987; Mebes & Filser
1997), were used to isolate sections of hedgerow from the field to test the hypothesis
that Collembola recolonise recently disturbed field habitats from hedgerows. The ef-
fects of this habitat manipulation upon subsequent population and community deve-
lopment provided information on the recovery strategies of individual species and the
importance of hedgerows as refugia for springtails.

Materials and Methods

Study area and experimental design

The study field had been sown with spring barley on 16 February 1998. It was located on the
Leckford Estate in Hampshire, southern England (51°N 1°W). No pesticides were applied du-
ring the period of this study. The field had one continuous edge of mature hedgerow (contai-
ning Sambucus nigra, Crataegsp.,Prunus spinosgand a well-developed mixed herbaceous
layer) about 2—2.5m tall and aligned SW-NE. Barriers were erected on the 18 March in the
field 50 cm from the base of the hedgerow. The barriers consisted of polythene sheets 1m above
ground level and dug 25 cm into the soil, hung on rope and supported by wooden posts. 40 m-
lengths of barriers were interspersed with 40 m-lengths of unbarriered hedgerow, and each tre-
atment comparison block was replicated four times (Fig.1).

Suction samples were taken using a leaf-blower (Ryobi RSV3100) adapted as described in
Stewart & Wright (1995). For each sample, a total area of Dwas sampled, comprising five
pooled sub-samples of 10-s duration. These were taken randomly withia &danat each
of the six points along a perpendicular transect from the middle of each barriered or control
section. Samples were taken at 2m, 5m, 10m, 15m, 20 m, and 30 m from the hedgerow. Pre-
treatment samples were taken before the barriers were erected on 17 March, and post-treatment
samples were taken on 24 March, 5 April, and 13 May.

Identification and analysis

Samples were stored in 80 % methylated spirit. Collembola were removed and examined under
a binocular microscope; specimens difficult to identify were mounted and examined further
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Fig. 1. Experimental set-up in a 17.5 ha field of spring barley. The barriers are labe-
led B1-B4, the unbarriered areas of open hedgerow are NB1-NB4 (not drawn to
scale) within the blocks 1-4

using a compound light microscope. Species were identified with the aid of Christiansen &
Bellinger (1998). The entomobryid speciespidocyrtus violaceusubbock anccyaneusTull-

berg and the Isotomid genlsbtomurusspp. were not separated; there is continuing debate on
the taxonomy of the constituent species within the latter genus (e.g. see Carapelli et al. 1995,
1997; Frati et al. 1995).

The counts of Collembola from the samples were transformed using the square root of the
count + 0.5 in order to fulfill the requirements of parametric analysis (Sokal & Rohlf 1995).
Three diversity indices were used to investigate community-level effects, since the use of more
than one has been recommended to compensate for the dominance-sensitivity versus the abun-
dance-sensitivity of the different calculations (Magurran 1988). Margalef’s species richness,
Simpson’s dominance index, and the Shannon-Wiener diversity index were produced using the
program DIVERSE available in PRIMER (Plymouth Routines in Multivariate Ecological Re-
search- Carr, 1997). For each sampling date, species and measure of community composition,
a multifactorial analysis of variance (ANOVA) was carried out to test effects of the factors bar-
rier treatment, distance from the hedgerow and block. Where no significant differences were
attributable to block, analysis was repeated with this factor excluded. In addition, a repeated
measures ANOVA model tested the null hypothesis that there was no change over time in the
abundance of each species or measure of community composition.

Results

Effects of the barriers

The most common species encountered wimenthurinus elegar(&itch), Sminthu-
rus viridis (L.), Bourletiella hortensigFitch), Isotoma viridisBourlet, Lepidocyrtus
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spp, Pseudosinella alb&Packard))sotomurusspp., andsotoma notabilisSchaffer.
Significant differences due to the barrier treatments were found in the colinis of
ridis, Lepidocyrtusspp.,P. alba, S. viridisandS. elegangTable 1). The barriers had
no effect upon numbers bfnotabilis Isotomuruspp., oB. hortensisDifferences in

Table 1. Comparisons of the transformed Collembola counts according to barrier tre-
atment and distance from the hedgerow. ‘Date’ refers to the number of days before or
after the barriers were erected. (Multifactorial ANOVA; 2-way ANOVA when Block
was not significant. N.S.= no significant difference, P>0.05; *=P< 0.05; *=P<0.01;

*x =P<0.001)

Species Date Block Distance Barrier
I. viridis -1 NS R 353.2* NS
Isotomurusspp. NS E2e5.1* NS

I. notabilis NS NS NS

P. alba F33574.0* NS NS

S. elegans NS Fs34.2** NS

S. viridis NS NS NS

B. hortensis NS NS NS
Lepidocyrtusspp. F35720.6*** NS NS

I. viridis +6 NS F5 365.3*** F13526.0%*
Isotomurusspp. R 3574.6** Fs35=7.9%** NS

I. notabilis F3353.2* NS NS

P. alba F33574.9** NS NS

S. elegans NS Fs 3513.2%** NS

S. viridis NS NS NS

B. hortensis Fz3574.9%* NS NS
Lepidocyrtusspp. F 35725.4%** NS Fi357.8%*
|. viridis +18 NS NS R 7.7
Isotomurusspp. R 74.6"* Fga5 7.9 NS

I. notabilis F33573.2* NS NS

P. alba F33574.9** NS NS

S. elegans NS NS R 3515.8%**
S. viridis NS NS R 3s6.6*
B. hortensis F33574.9** NS NS
Lepidocyrtusspp. F 35725.4%** NS Fi3577.8%*
|. viridis + 56 NS NS NS
Isotomurusspp. R 278.4** Fs274.5"* NS

I. notabilis NS F5352.8* NS

P. alba F33574.9** NS NS

S. elegans Fga511.7%** Fs372.6* NS

S. viridis NS F5 355.1%** NS

B. hortensis NS Fs 36=3.9** NS
Lepidocyrtusspp. R 3= 12.7%** NS Fi3710.4**
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Fig. 2. The catch of Collembola in a field adjacent to barriered (black circles) and un-
barriered (white squares) lengths of a hedgerow on four sampling dates and at diffe-
rent distances into the field. a) Data ffoviridis; b) Data forS. elegansc) Data forS.

viridis. Vertical axes give counts (x SE), horizontal axes distance. (*=P<0.05;
**=P<(.01, ***=P<0.001)
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species abundance were found with distance into the field according to the barrier tre-
atments (Fig. 2). Significantly higher population levels were found in the unbarriered
areas fol. viridis (Fig. 2a, 24 March and 5 Aprily. elegan$Fig. 2b, 5 April), ancb.

viridis (Fig. 2c, 5 April). Numbers d?. albaandLepidocyrtusspp. were found to dif-

fer significantly between blocks in the field throughout the experiment, with signifi-
cantly higher abundance in blocks 1 and 2. Despite these initial spatial differences, a
significant effect due to barriers was encounteredlépidocyrtusspp. in all samples

taken after the barriers were erected. Abundance was higher next to the barriers than
next to the open hedgerow.

Field areas adjacent to barriers had a different community composition relative to
the control areas. Significant differences were found in the counts for total Collem-
bola, Symphypleona, Arthropleona, and in the indices used to estimate species richn-
ess, diversity, and dominance (Table 2). These differences occurred mainly three

Table 2. Comparisons of the total collembolan counts and the derived species diver-
sity indices according to barrier treatment and distance from the hedgerow. ‘Date’ re-
fers to the number of days before or after the barriers were erected. (Multifactorial
ANOVA; 2-way ANOVA when Block was not significant. N.S.= no significant diffe-
rence, P>0.05; *=P<0.05; *=P<0.01; ***=P<0.001)

Group / Index Date Block Distance Barrier
Total Collembola -1 F379.5%** NS NS
Symphypleona NS d3g=10.7%** NS
Arthropleona k3578.3*** NS NS
Richness NS NS NS
Shannon-Wiener NS NS NS
Simpson NS NS NS
Total Collembola + 6 3710, 7%+ Fs53578.9%** NS
Symphypleona NS §3g=13.9%** NS
Arthropleona k 35=15.5%** NS NS
Richness E374.0* NS F 3572.9*
Shannon-Wiener NS NS 1h&=5.5*
Simpson NS NS F6.2*
Total Collembola + 18 F3710.79* F5358.9%** NS
Symphypleona NS NS 1Re11.8**
Arthropleona B 3715.5%** NS NS
Richness E3+4.0* NS F 3572.9*
Shannon-Wiener NS NS 15e=10.4**
Simpson NS NS F35.3*
Total Collembola + 56 NS 5. 7*** F1364.7*
Symphypleona NS d3g=12.0%** NS
Arthropleona B 378.6** NS Fia7-7.1%
Richness NS £355.6"** NS
Shannon-Wiener F274.3* F53572.7* NS
Simpson B 355.7** NS NS
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weeks after the barriers were erected, although differences in species richness, domi-
nance and diversity were detected after only one week. Highest diversity was found in
the unbarriered areas on 24 March and 5 April (Fig. 3d), whilst dominance was ac-
cordingly highest near the barriers on these dates.

Distance from the hedgerow

B. hortensisandlsotomurusspp. were consistently abundant only in the edge of the
field, which followed the same pattern of abundance encountered previously (Alvarez
et al. 1997). The counts bfviridis, Isotomurusspp. andS. elegansliffered signifi-

cantly with distance from the hedgerow before and a week after the barriers were er-
ected . viridis was more numerous within the field whilst the other two species were
more common near the hedgerdésatomurusspp. remained significantly more com-

mon near the hedgerow throughout the study. By the last sampling date most species’
spatial distribution showed significant differences due to distance from the hedgerow
(Table 1).

Generally the Arthropleona tended to become more numerous with distance into
the field, but the difference in abundance with distance was not significant (Table 2;
Fig. 3a). The opposite was true for Symphypleona, which tended to dominate the col-
lembolan community in the edge of the field (Fig. 3b). A significant effect of distance
from hedgerow on symphypleonid abundance was encountered on all the sampling
dates except early April.

Differences over time

For all species, a significant (P<0.01) change in abundance between dates was found
(repeated measures ANOVA with the factors time, barrier treatment, distance from
hedgerow and block). This reflected increases in population numbers from early to
late spring. Total counts for Collembola, Arthropleona and Symphypleona, and the
Margaleff species richness, Shannon-Wiener diversity and Simpson’s dominance in-
dices also showed significant differences between dates (P < 0.001; repeated measu-
res ANOVA as above) reflecting concurrent changes in abundance and species num-
bers over time.

<

Fig. 3. Collembolan community patterns in a field adjacent to barriered (black
circles) and unbarriered (white squares) lengths of a hedgerow on four sampling dates
and at different distances into the field. a) Data for total Arthropleona, b) Data for to-
tal Symphypleona, c) Data for species richness (Margalef), d) Data for species diver-
sity (Shannon-Wiener). Vertical axes give counts (mean individuals/sample, + SE),
horizontal axes distance (m). (*=P<0.05; **=P<0.01; ***=P<0.001)
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Discussion

The species trapped in this experiment consisted largely of those known to be com-
mon in agroecosystems in Britain (e.g. Frampton 1989, 1994; Frampton et al. 1992;
Alvarez et al. 1997). Certain species were found to be more common near the hedge-
row, consistent with previous findings (Alvarez et al. 1987)hortensisandl. pa-

lustris were common only near the hedger@v;elegangndS. viridiswere found
throughout the sampling area in the field. However, we previously found that

diswas only common in the edges of fields, whilst in this study substantial populati-
ons were found within the field itself.

Species richness and diversity were higher in the areas adjoining open hedgerow
than next to the barriered areas whilst dominance was highest in the barriered areas,
suggesting that the barriers prevented the free movement of species from the hedge-
row into the field. The changes in community composition occurred quickly as diffe-
rences were detected within two weeks of the barrier erection. The influence of bar-
riers upon the field community was transient as few significant differences were
found on the last sampling date in May.

The higher populations ¢of viridis andS. elegan# the unbarriered areas suggest
that movement from the hedge was interrupted by the barriers. Howexaedis, S.
elegansandS. viridisall had population sources at 30 m into the field even at the start
of the experiment. These could have been present from populations permanently resi-
dent within the field, or from recolonisation previous to barrier erection as the distur-
bance caused by sowing the crop had occurred a month before sampling began. Both
S. viridis(Wallace 1968) an&. elegangAlvarez et al. 1997) are known to survive
certain disturbance events as diapausing eggs, although the use of this survival stra-
tegy in an arable field context requires further investigation. Overall, the higher abun-
dance of Symphypleona in the unbarriered areas suggests that this group moved lar-
gely from the hedgerow into the field, and the barriers blocked this colonidagmin.
docyrtusspp. were the only group to have consistently higher populations in the bar-
riered areas, suggesting that recovery sources were present within the field and that
the hedgerow was not an important source of field populations.

No effects of the barriers were found ®rhortensis, I. notabilisr thelsotomu-
rus spp., which suggests that these species may be more mobile, or the barriers may
simply not have provided an obstacle. Individuals could have climbed the barrier its-
elf, or have dropped from the vegetation above the barrier level: the climbing of trees
for potential dispersal has been described for several species (e.g. Bowden et al. 1976;
Farrow & Greenslade 1992). In future studies the isolation of hedgerow sections
could be improved by erecting higher barriers or completely covering the hedgerow
vegetation.

The extent to which early spring recolonisation determines the successive popula-
tion structure in the field would require a longer term investigation. In particular the
differences in dispersal strategies used by different species for recolonisation, and the
roles of predator and competitor exclusion in determining the collembolan commu-
nity composition, should be investigated. Within-field recovery of Collembola has
been previously reported and attributed to predator exclusion (Duffield & Aebischer
1994), although individual species were not studied.

Many studies have demonstrated that Collembola are sensitive to pesticide appli-
cations and previous studies on beetles have shown that the sources of population
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recruitment affect the ability of different species to recover from pesticide effects in
the field (Burn 1992). Seasonal movements are well-known for various beneficial
arthropods, and have been described as specific adaptations to cyclical disturbance
patterns in arable landscapes (Wissinger 1997). Equivalent information on the seaso-
nal distribution of different collembolan species would be useful for understanding
the recovery patterns of epigeal field Collembola. This study has shown that hedge-
rows are important sources of population recovery for the Collembola of arable fields,
but more information is required on species’ phenologies and dispersal strategies in
order to understand the dynamics of collembolan populations and communities follo-
wing disturbance events in arable fields.
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