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MANIPULATION OF OVERWINTERING HABITATS
FOR INVERTEBRATE PREDATORS ON FARMLAND

by Matthew Brian Thomas

Data are presented from a three-year study on the creation of overwintering habitats in
farmland for the arthropod natural enemies of cereal aphids. These new habitats, in the
form of grass-sown raised banks, re-created those aspects of existing field boundaries
which had previously been shown to favour predator overwintering.

During the first year of establishment, the new habitats provided overwintering refuge
sites for many spiders (Araneae), ground beetles (Carabidae) and rove beetles
(Staphylinidae), with ground-zone searches producing total densities of these polyphagous
predators up to 150m™ In the second and third years, destructive sampling revealed much
higher predator numbers, peak densities exceeding 1500m™ in some grass treatments in the
second year. Identification of individual predator species revealed a shift in community
structure, with spiders and ground beetles showing successional changes from pioneer to
more specialised species as the newly created habitats matured. Beyond this, a range of
biotic and abiotic factors were shown to be involved in the processes of successful
overwintering and overwintering site selection.

Predator sampling studies in the spring showed that the overwintering predator
populations in the new habitats could influence subsequent dispersal patterns into the crop,
providing an even spread of predators throughout the field early in the season.

The results of the study are discussed in the context of the current social and economic
climate within European agriculture, and it is suggested that dynamic land management, by
enhancing natural pest control, could provide a means of reducing the present-day reliance

on chemical pest control measures.



CHAPTER 1. GENERAL INTRODUCTION




1.1 Cereal aphids in the UK

The aphids Sitobion avenae (F.), Metopolophium dirthodum (Walker) and Rhopalosiphum

padi (L.) are important pests of cereals in the UK, although the damage they cause varies from
year to year (McLean et al. 1977; Vickerman & Wratten 1979; Carter et al. 1980).

Aphid damage may be a direct result of feeding due to the transmission of viruses or via
honeydew contamination reducing photosynthetic rate (Rabbinge et al. 1980). Grain weight and
percentage protein content of the grain can be reduced (Wratten 1975) and a reduction in "baking
quality" may result from infestations (Lee, Stevens, Stokes and Wratten 1981). Direct damage
due to aphid infestation can result in yield loss up to 14% (Watt, Vickerman & Wratten 1984)
while wheat infected by barley yellow dwarf virus (BYDV) (Oswald & Houston 1953), during
tillering or stem extension growth stages, can lead to a reduction in yield of 30% (Vickerman
& Wratten 1979).

In years when aphids are abundant in cereals, insecticides are widely used, with many
farmers spraying prophylactically (Potts 1977). Wratten, Watt, Carter & Entwistle (1990)
reported the results of a survey carried out in 1984 on the use of aphicides in winter wheat. Data
from more than 60,000 ha revealed that many crops were treated too late (by which time any
crop damage had already taken place), dimethoate, affecting a wide range of "non-target"
beneficial arthropods (Vickerman et al. 1987), was the insecticide most frequently used, tank
mixes with fungicides were common, and there were great regional differences in spray timing
and pesticide usage. In a similar survey of 115,000 ha of winter wheat in 1988, Wratten & Mann
(1988) revealed that aphicides were still applied inappropriately, many crops being sprayed too
late, or the aphid infestation was too late or too small to cause enough damage to justify the cost
of spraying.

Accurate forecasting and advice on spraying, as well as biological techniques for
reducing aphid survivorship would enable farmers to decrease such applications of pesticide. This
would help delay the potential onset of resistance to aphicides and increase survivorship (and
hence effectiveness) of the natural enemy complex (Burn, Coaker & Jepson 1987). An Integrated
Pest Management (IPM) approach (maximising the use of natural pest control agents allied to
a combination of other pest suppression techniques such as cultural methods, resistant crop
varieties and selective use of pesticides) could therefore provide an economically justifiable
alternative for aphid control, consequently reducing the environmental side effects associated

with the intensive use of pesticides.



1.2 Natural enemies of cereal aphids.

Aphid-specific predators

Cereal aphids are attacked by a wide range of aphid-specific predators such as
parasitic Hymenoptera, Coccinellidae (Coleoptera), Syrphidae (Diptera), and Chrysopidae
(Neuroptera) (Vickerman & Wratten 1979). In the parasitic Hymenoptera for example,

seven primary parasitoid and seven hyperparasitoid (using the primary parasitoids as hosts)

species regularly attack aphids on cereal crops in Britain (Powell 1982). Most of these
occur simultaneously in the same fields, forming a complex parasitoid community
associated with cereal aphid populations (Wratten & Powell 1991). Parasitoids need to be
active in the crop early in the year if they are to play a significant role in the control of
summer aphid populations (a high parasitoid : aphid ratio early in the season has been
shown 1o slow down the initial growth rate of the aphid population) (Powell 1983; Vorley
1986; Fougeroux et al. 1988). For example, field surveys in northern France in 1983 and
1984 demonstrated an inverse relationship between early levels of parasitism in cereal
fields and subsequent peak aphid densities (Fougeroux et al. 1988). Similarly, Vorley &
Wratten (1985) demonstrated, using simulation modelling in late-sown winter and spring-
sown crops, that with early-season immigration, parasitoids could keep grain aphid
populations at a level one seventh of that which they would have been if the parasitoids
were absent.

Predator manipulative studies (involving predator exclusion techniques), have shown
that other aphid-specific predators can also influence aphid numbers. For example, numbers
of aphids were about eight times higher in experiments of Chambers et al. (1983) when
cages were used to exclude Coccinellidae and Syrphidae in particular. Computer based
modelling by Chambers & Adams (1986) has also implicated hoverflies in aphid control.
However, although the aphid-specific predator complex is valued for reducing peak levels,
or to hasten the "crash” of aphid populations (Vickerman & Wratten 1979; Chambers et al.
1983), other work has shown that because of their variability in abundance, often occurring
in low numbers only (Potts & Vickerman 1974), they are unlikely to control aphid
populations on their own; other predatory groups being of equal importance in many

situations.

Polyphagous predators
Polyphagous predators such as certain species of Carabidae (Coleoptera),
Staphylinidae (Coleoptera), Araneaec and Dermaptera (specifically the earwig Forficula

auricularia (L.)) are able to persist in the crop even when aphid numbers are low since




they exploit a wide spectrum of prey types (Edwards, Sunderland & George 1979). The
potential of these predominantly ground-zone predators to influence cereal aphid
populations is theoretically high, as several workers have shown that cereal aphids
frequently fall from the crop canopy. Sunderland, Fraser and Dixon (1986) showed that up
to 90% of the aphid population per shoot fall to the ground each day. Similarly, between
4% and 71% of an aphid population have been recorded on the ground at any one time
(Griffiths 1983; Sopp, Sunderland & Coombes 1987), while Holmes (1988) showed that no
individuals of S. avenae reached adulthood on the same plant on which it was bormn.

From suction sample and pitfall trap surveys of cereal crops between the years of
1968 and 1972, Potts and Vickerman (1974) produced one of the first studies to implicate
polyphagous predators in aphid biocontrol. They reported significant negative correlations
between the number of aphids and an index of overall invertebrate faunal diversity
excluding aphids.“ Further analysis relating the diversity index to the proportion of the
predatory individuals captured, produced a positive correlation. Low populations of aphid
specific predators at the time of sampling implicated polyphagous predators in the initial
aphid number-diversity relationship. Further circumstantial evidence was provided by
Chambers et al. (1982) who observed reduced early-summer aphid population densities
towards field boundaries in early-sown fields but no difference between field centre and
field edge populations in late-sown fields. Higher numbers of polyphagous predators were
observed in pitfall catches at the field edges compared to mid-field trap numbers in the
carly-sown fields but not in the late-sown fields, again implicating these organisms in
reducing the aphid numbers. In contrast, the numbers of aphid-specific predators in the
early-sown fields positively correlated with the numbers of their prey, although prey rate of
increase was correlated negatively with numbers of aphid specific predators.

Following the survey-based studies discussed above, a variety of alternative
approaches have been employed to quantify the potential importance of polyphagous
predators in cereals and other arable crops:

(i) In manipulation experiments where polyphagous predator numbers were reduced
in exclusion plots, aphid populations subsequently increased above those of unenclosed
areas (Edwards et al. 1979; Wratten & Pearson 1982; Chiverton 1986; Winder 1990).

(i) Sunderland and Vickerman (1980) used gut dissection techniques to assess the
proportion of predators containing aphid remains. This proportion was multiplied by the
predator densities during the aphid increase phase to give a predation index which ranked
16 predators in order of importance. The carabids Demetrias atricapillus (L.) and Agonum
dorsale (Pont.) and the earwig Forficula auricularia attained the top three positions in this

crude ranking.



(iii) Further work has been carried out to gain a greater understanding of predator-
prey interactions and expand upon Sunderland and Vickerman’s preliminary ranking. For
example, laboratory consumption rates of aphids were studied for many species of the
predators from the original ranking (Griffiths, 1983; Carrillo, 1985; Sopp & Wratten, 1986;
Coombes, 1987). These lab-based investigations on consumption rates were largely
confirmed in the field by Mauremootoo (1991) who used the same predator species but
Drosophila pupae and Musca eggs as "prey”. Sunderland et al. (1987) and Sopp (1987)
aimed to quantify predation rates of field collected predators using enzyme-linked-

immunosorbent assay (ELISA) with antibodies specific to certain cereal aphid species.

Predator groups such as Staphylinidae and Linyphiidae which were ranked low in earlier
dissection-based rankings, assumed a higher importance as cereal aphid predators.

(iv) Indirect attempts to quantify foraging in the field have also been carried out.
For example, Bryan and Wratten (1984) demonstrated various levels of aggregation by
carabid and staphylinid beetles to high density (artificially created) patches of aphids. More
recently, Winder (1990) showed that ground zone predators significantly reduce the rate at
which displaced aphids recolonise the crop canopy. This is particularly significant as only
those non-climbing predators that consume living aphids which would otherwise return to
the crop, contribute to aphid control.

Having established that polyphagous predators appear to have the potential to
influence aphid numbers, research can be directed towards gaining a greater understanding
of the ecology of the arable system with the ultimate aim of enhancing the effectiveness of
natural enemies, for example by selection of less toxic agrochemicals or by manipulating

crop or non crop areas (Wratten et al. 1984).

1.3 Overwintering of polyphagous predators

Field boundaries have long been considered important overwintering sites for
beetles and other invertebrates. Pollard (1968a) demonstrated that a hawthorn hedgerow
provided a variety of different habitats. The effect of removing the bottom flora of a

hedgerow (by applying the herbicide "Preeglone™) was to decrease the abundance of

several species of overwintering carabid beetle including Agonum dorsale, Harpalus rufipes
(Degeer), Loricera pilicomnis (F.), since shown to be potential aphid predators (Sunderland
& Vickerman 1980). Similarly, Gomy (1970) and Bonkowska (1970) both identified
shelterbelts (mature boundary habitats dominated by tree and shrub species; 14-17m high
with an average breadth of 36m in the example of Bonkowska (1970)) as important

permanent features of the agricultural environment providing alternative habitats for several




species of predatory carabid.
Luff (1966a, 1966b) established for grasslands, that tussock forming grasses

Dactylis glomerata (L.) and Deschampsia caespitosa (L.) harboured large communities of

beetles both in summer and winter. It was demonstrated that a temperature of at least -
17°C outside the tussock would be needed before the LTemps, (-8.5°C) of any of the
overwintering species was reached inside the tussock, supporting the theory that many
species of beetle (as well as other insects) have developed the habit of overwintering in
grass tussocks in order to obtain shelter from cold conditions. Desender & D’Hulster
(1982) and D’Hulster & Desender (1983), studying the hibernation of staphylinids in field
edge sites, also concluded that dense vegetation, a deep aerated sod and a well developed
litter layer provided a buffering of temperature fluctuations and made such a biotope a
suitable overwintering site. Furthermore, in a boundary study on the overwintering of the
carabid beetles A. dorsale, Bembidion lampros (Herbst) and D. atricapillus, Desender
(1982) established positive correlations between the densities of the overwintering predators
and the biomass of living and dead grass, and the mean depth of the compact sod layer.
Sotherton (1984, 1985) and Wallin (1985, 1986) demonstrated that many
polyphagous predators overwinter almost exclusively in field boundaries. Boundary quality

differed markedly between boundaries, with habitats such as raised banks with rough grass
cover (which form hedge banks and post and wire boundaries in many parts of Europe
(Greaves & Marshall 1987)) being the preferred habitat types (Sotherton 1985).

Coombes and Sotherton (1986) studied the phenology of crop invasion by the
boundary overwintering predators in the spring. They revealed that although some species
of Staphylinidae and Linyphiidae could invade the crop using aerial dispersal mechanisms,
certain species of Carabidae entered the crop by walking only and as such, significant
numbers of individuals of the carabid species studied were not found at the field centres
until June.

In modern arable systems the accommodation of increasingly large machinery has
led to the removal of hedges to produce larger fields (Davies & Dunford 1962; Edwards
1970). This process accelerated rapidly in the late 1940s as a result of government policy
and the introduction of grants for hedgerow removal. Over the last 50 years c.40% of the
hedges that were recorded in lowland Britain in 1940 have disappeared (Anon 1991).
Despite new plantings, it is estimated that there is still an annual net loss of hedgerows in
England and Wales (Anon 1986; Greaves & Marshall 1987). Accompanying this the
incidence of spraying herbicides to control weeds in hedgerows has increased (Boatman
1989) reducing boundary quality as sites for overwintering predators. This environmental

degradation has two major consequences for aphid biocontrol:



(i) With increasingly large fields, spring colonisation of field centres by non-flying
predators such as many Carabidae could be impaired, especially at a time when their control
potential is most beneficial (Wratten et al. 1984; Coombes & Sotherton 1986; Wratten 1988) i.e.
reduced predation rates in the field centres during the normal time of aphid colonisation
(Chambers et al. 1982). Related to this, field scale applications of broad-spectrum insecticides
have been shown to result in aphid resurgence due to reduced predator pressure (a product of
limited predator re-colonisation) at the field centre (Duffield & Baker 1990).

(i) With the small boundary:field area ratio of large fields and reduced availability of
non-crop habitats, the overall densities of polyphagous predators in arable ecosystems may
become reduced, and their potential to influence pest numbers limited accordingly.

The above outline shows that some of the factors which could limit the effectiveness of
native natural enemies have been identified. With this knowledge it may be possible to augment
their densities within an integrated control programme and thus raise the natural enemy:pest ratio

(van Emden 1988; van Emden & Wratten 1991).

1.4 Environmental manipulation for the encouragement

of natural enemies

Several studies have demonstrated that increasing intra-crop diversity may cause
decreases in pest numbers. For example, intercropping or the presence of weeds frequently
causes a dramatic decrease in pest numbers on crops (Van Emden, 1988). Vickerman (1974)
found more than ten times the number of staphylinid beetles in winter barley plots with grass
weeds than barley plots without. Aphid populations were 25% smaller in the weedy plots.
Similarly, Powell et al. (1981) comparing seven species of polyphagous beetle predators caught
in pitfall traps in unweeded and "clean" plots of winter wheat, found significantly higher
numbers of four species in the weedy areas. Coaker (1990) cites numerous examples
demonstrating increases in predator species in intercrop systems compared with monocultures.
For example, Gavarra & Raros (1975) found spiders to be more effective against corn borers in
a corn/groundnut intercrop system, and Dempster & Coaker (1974), O’Donnell & Coaker (1975)
and Ryan et al. (1980) recorded higher populations of carabids and staphylinids in brassicas
intercropped with clover. Beyond these ideas, "conservation headlands" have been established
along field margins in cereals by the Game Conservancy Trust, as a means of increasing insect
diversity and abundance to provide chick food for the grey partridge, Perdix perdix (L.). These

habitats are created by selective applications of pesticides (herbicides, fungicides and



insecticides) to 6m wide strips at the edges of cereal fields. This allows the less ecologically
valuable and more agriculturally damaging weed species to be removed without affecting the
more "desirable” species (those species that act as host plants of preferred chick-food insects)
(Boatman et al. 1989). As well as enriching the general insect fauna outside the commercial crop
(Rands 1985) (including effects on butterflies (Dover 1989)), it appears that there may be
beneficial effects on polyphagous predators (Chiverton 1991) and aphidophagous hoverflies
(Cowgill 1991) into the cropped area.

Several studies have also suggested that as well as inira-crop manipulation, management
of crop edges and adjacent non-crop field boundary habitats could represent a possible tool
towards the goal of integrated methods for biocontrol in cereals and other crops. For example,
Von Klinger (1987) investigated the effects of margin-strips of Sinapsis alba L. and Phacelia
tanacetifolia Benth. along a winter wheat field. Significantly higher numbers of species and
individuals of different predatory groups were found in or near the margin-strips, compared with
the wheat plot without the sown margin-strip. In particular, polyphagous predators such as
carabid beetles occurred in increased numbers in the margin-strips and adjacent parts of the
wheat field. The results of a separate field manipulation experiment using margin-strips of

Phacelia tanacetifolia (by workers at Southampton University, reported in Farmers Weekly

(9.11.) 1990) also suggested beneficial effects for aphid predators; this time as a potential pollen
source for certain species of hoverfly.

Augmentation of beneficial arthropods by strip management was also studied by Nentwig
(1988,1989). The effects of narrow unmown strips in a mixed grass meadow, and successional
strips of vegetation in a field of winter wheat were analyzed in comparison with areas with
conventional management. In combination with an increase in species number and diversity of
beneficial arthropods, the degree of stability (defined as a relative constant abundance in
successive years) increased in the strip managed areas.

Effects of increased spatial heterogeneity within the arable landscape were investigated
by creating an experimental corridor system consisting of several small woodlots on intensively
used agricultural land (Mader 1988). The results suggested an increase in species richness and
diversity in the new habitats compared with neighbouring fields, and there was an indication that
predatory animals inhabiting the woodlots spread into the neighbouring fields and to some extent
exerted regulatory effects on their prey populations.

The overall conclusion of these studies was that increased structural diversity within the
agro-ecosystem tended to lead to community stability, and predator populations from edge

habitats were able to influence, to some extent, densities of their prey populations in the adjacent



fields.

1.5 Aims of the project

From the above literature it is concluded that inadequate provision of overwintering
habitat such as hedgerows with grassy underbanks, coupled with limited powers of spring
dispersal of certain predator species, can reduce the effectiveness of many polyphagous predators
as control agents of cereal aphids in the cereal ecosystem. The aim of this project therefore, is
to attempt to redress the balance of hedgerow removal associated with farming intensification,
by creating new habitats to provide improved overwintering conditions for polyphagous predators
in arable land. Rather than just manipulate or create habitats at the field boundary, it is intended
to reduce field size by creating linear "island" habitats representing what are effectively
facsimiles of hedgerow bases at the field centres. The latter aspect should enable predators with
low rates of dispersal to reach the field centre earlier in the spring than they would otherwise
do (Wratten et al. 1984). Colonisation of the new habitats will be monitored through time and
any effects on predator dispersal into the crop in the spring recorded. Beyond this, studies will
be carried out to investigate the biotic and abiotic factors influencing habitat selection and
overwintering success of certain predator species. This should provide a greater understanding
of the mechanisms associated with overwintering and potentially allow the development of
management guidelines aimed at optimising biocontrol by native natural enemies, ideally as part
of an IPM approach to cereal pest control, in which host plant resistance and rational pesticide

use also play a part.



CHAPTER 2. CREATION OF "ISLAND" HABITATS IN FARMLAND TO
MANIPULATE POPULATIONS OF BENEFICIAL ARTHROPODS.

10



SUMMARY

(1) Data are presented from a three year study on the creation of overwintering
habitats in farmland for the arthropod natural enemies of cereal aphids. These new habitats,
in the form of grass-sown raised banks, re-created those aspects of existing field
boundaries which had previously been shown to favour predator overwintering.

(2) During the first year of establishment, the new habitats provided overwintering
refuge sites for many Araneae, Carabidae and Staphylinidae. Ground-zone searches
produced total polyphagous predator densities of up to 150m™.

(3) In the second and third years, destructive sampling revealed higher predator
numbers; peak densities exceeding 1500m? in some grass treatments in the second year.

(4) During the course of the study, densities of individual predator species varied
considerably, with Araneae and Carabidae showing successional changes from pioneer to
more specialised species as the newly created habitats matured.

(5) The role of such a habitat creation scheme in increased stability and enhanced

biocontrol within the agro-ecosystem is discussed.
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2.1 INTRODUCTION

The abundance and diversity of predatory insects within fields are closely related to
the nature of the surrounding vegetation (Altieri & Letourneau 1982). Replacement of areas
of natural vegetation by crop monocultures can eliminate many indigenous biocontrol
agents that are dependent on the presence and diversity of wild plants in the agricultural
landscape (van Emden 1965,1981) for at least part of the year.

Desender (1982), Sotherton (1984, 1985) and Wallin (1985, 1986) have shown that
some field boundary types are of particular importance in providing overwintering refuges
for many species of polyphagous invertebrate predator in arable field systems which then
disperse into the crops in the following spring (Wallin 1985; Coombes & Sotherton 1986).
Experimental manipulative studies have demonstrated the role of these groups in reducing
the numbers of aphid pests of arable crops (Edwards, Sunderland & George 1979; Wratten
& Pearson 1982; Chiverton 1986; Winder 1990). Many features of the boundaries in which
these groups overwinter (such as the aerial components of hedge or shelterbelt) are
relatively unimportant to their role as reservoirs of these natural enemies (Wratten 1988a;
Wratten & Thomas 1990). Of greater importance is the nature of the ground flora and
physical structure of the hedge or boundary base. Habitats such as raised banks with rough
grass cover (grass tussocks especially (Luff 1966a)) may support high densities of
Carabidae and Staphylinidae (Coleoptera), Dermaptera and Araneae. Without such non-crop
habitats, the overall densities of polyphagous predators in arable farming ecosystems may
become reduced, and their potential to influence pest numbers limited accordingly.

In modern arable systems the accommodation of increasingly large machinery has
led to the removal of hedges to produce larger fields (Davies & Dunford 1962; Edwards
1970). Rapid spring colonisation of field centres by non-flying predators such as many
Carabidae could therefore be impaired, especially at a time when their control potential is
most beneficial (Wratten ¢t al. 1984; Coombes & Sotherton 1986; Wratten 1988b). Also,
with the small boundary:field area ratio of large fields, the final density in the crop of
predators originating from the non-cropped boundary areas could be lower than in similar
but smaller fields. The subject of this chapter therefore, is to present the results of a study
which aimed to create artificially, overwintering habitats on farmland which would favour
the development of high populations of predators. Also, by the same method, to reduce
field size experimentally by creating new within-field overwintering refuges, with the aim

of enhancing field colonisation in the spring by predators with low rates of dispersal.

12



2.2 MATERIALS AND METHODS

Creation of "island" habitats

The new within-field refuges used in this study took the form of three raised earth
banks created by two-directional ploughing during the normal autumn cultivation period.
Ridge 1 and ridge 2 (both 0.4m high, 1.5m wide, 290m long) bisected fields of 7 ha (field
1) and 20 ha (field 2) respectively on a mixed/arable farm in north Hampshire, UK..
Ridge 3 (0.4m high, 1.5m wide, 680m long) crossed a field of 51 ha (field 3) on a second
mixed/arable farm in central Hampshire, U.K.. Both farms shared similar chalk/flint soils.
The banks did not extend completely to the existing field margins; areas of cultivated crop
(20m wide in field 1, 50m wide in field 2 and 70m in field 3) were left at each end to
allow movement of farm machinery from one field side to the other, without damaging the
bank.

All fields had a recent history of growing cereals prior to the onset of the
experiment. At the time of ridge establishment, field 2 was in winter wheat but was sown
to fodder peas and winter rape in the second and third winters respectively. Field 3 was
initially sown to spring barley and then to vining peas for two years. Field 1 was the only
field to remain in cereals, being sown to winter wheat for the three years of the study.

Following an application of a broad-spectrum herbicide (glyphosate), at
recommended field rate (1440 g ai ha'), to remove broadleaved weeds that colonised the
banks following ploughing, sections of each new bank were hand sown at commercial
sowing rates (spring 1987) with various grass species in a linearly randomised block
design, with six blocks per bank. Each block contained one replicate of each of eight
treatments, each replicate being 6m long on ridges 1 & 2 and 14m long on ridge 3
(diagramatic representations of the randomised block designs are given in Appendix I). The
grasses and seed rates were Dactylis glomerata L. (Cock’s-foot) 3 g m? Lolium perenne
L. (Perennial rye-grass) 3 g m?, Agrostis stolonifera L. (Creeping bent) 8 g m? and

Holcus lanatus L. (Yorkshire fog) 4 g m? and were selected for their qualities of fast

growth and good winter cover, requiring little maintenance; they included both matt-
forming (L. perenne and A. stolonifera) and tussock-forming (D. glomerata and H. lanatus)
species. These species were also those that would not be considered by the farmer as
invasive, aggressive weeds of the crop so that the earth banks could not be considered as
foci of pernicious weeds. As well as single-species treatments, mixtures of three (A.
stolonifera excluded) and the four species (to study the effects of seed "cocktails") were

sown. Bare ground controls (maintained by hand weeding or the use of glyphosate at the
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same rate as above) and treatments of flowering plants to provide pollen and nectar for
aphid-specific predators such as Syrphidae and parasitoid wasps (as part of a study not

directly concerned with the overwintering project) were also included.

Assessment of predator community composition

Winter 1987/88
During the winter of 1987/88 (November to the end of February), ground-zone

surface-searching for predators was carried out on ridges 1 & 2 and in the field
surrounding each ridge. Six 0.1 m? quadrats were used per replicate on the ridges. Four
blocks were searched on each ridge. Twelve quadrats were also randomly placed at
distances at least 40m from the ridges or existing boundaries for each mid-field predator
density estimate, there being one mid-field recording for each block searched i.e. a total of

48 mid-field quadrats. An aspirator was used to collect insects on the soil surface and

amongst grass stems and leaves which were teased apart (but not removed) with the finger

tips.

Winter 1988/89
Ground-zone surface-searching was also carried out during the second winter of the

study (again from November to the end of February). However, greater structural

development of the grasses made thorough examination very difficult. For this reason only

four blocks of ridge 1, together with the accompanying field were examined in this way.
The remaining sampling (throughout the same period) was destructive; turves (0.04m? and
0.1m deep) were dug up and placed in polythene bags, thoroughly broken up in white
photographic trays in the laboratory, and their fauna hand sorted. This method was
considered to give a far more accurate estimate of actual predator densities at this time.
However, as the area of each plot was only 9 m? limited numbers of destructive samples
could be taken. Furthermore, only the single grass species treatments were sampled, as one
0.04m* quadrat within the grass-mixture treatments was likely to be dominated by a single
grass species and therefore not give a true representation of the mosaic of grasses of
which the treatment comprised. Two destructive samples were taken from each replicate of
the single grass species treatments on the ridge that had already been surface-searched. As
the second ridge (ridge 2) had not already been sampled in this year, three destructive
samples were taken from the same treatments as those sampled on ridge 1. Twenty within-

field destructive samples were taken from each of the adjacent field sites away from any

influence of boundary/ridge habitats.
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Winter 1989/90
Destructive sampling for predators was carried out on all three ridges in this winter

season, during the same sampling period described previously. Four destructive samples
were taken from each replicate of the single grass species treatments in each block of

ridges 1 & 2. Six samples were taken from each replicate of the same treatments of four

blocks of ridge 3.
During this period, natural field boundaries were also sampled. Ten destructive

samples (at Sm intervals) were taken from a representative 50m section of each the four

boundaries surrounding fields 1 & 2.
2.3 RESULTS

Densities of predatory groups

Winter 1987/88
Randomised block analysis of variance (log (numbers+1/quadrat)) followed by

Tukey’s (1949) test revealed significantly different surface-search densities of total
predators (ridge 1 Fgo = 9.16, P < 0.01; ridge 2 Fgp = 23.45, P < 0.01), predatory
Carabidae (ridge 1 Fgo = 6.15, P < 0.05; ridge 2 F,,,, = 9.32, P < 0.01), predatory
Staphylinidae (ridge 1 Fg,4 = 3.01, P < 0.01; ridge 2 Fy,, = 21.10, P < 0.01) and Araneae
(ridge 1 Fyy 0 = 15.53, P < 0.01; ridge 2 F;y,0 = 22.95, P < 0.01) between treatments in
the 1987/88 winter on ridges 1 & 2 (Table 2.1). These differences occurred at a time
when percentage grass cover in the plots was approximately 60%, with individual tussocks
having little dead plant material at their base. With the exception of the Staphylinidae in

treatments sown with Agrostis stolonifera and Dactylis glomerata on ridge 1, densities in

the grass-sown treatments of both ridges exceeded those in the respective open-field areas,

for each of the predator groups.

Winter 1988/89
Surface-search data from the second winter showed a similar pattern (total

predators Fy,,, = 27.34, P < 0.01; predatory Carabidae Fs,,, = 10.95, P < 0.01; predatory
Staphylinidae Fs,,, = 10.27, P < 0.01; Araneae Fy,,, = 28.418, P < 0.01) , with, however,

increased predator densities in most sown plots compared with the bare ground treatment

on the ridge and the open-field areas, with respect to the previous year’s densities (Table

2.1).
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Destructive sampling revealed predator densities far in excess of those recorded by
surface-searching on both ridges (Table 2.2). Open-field densities however, remained at a
similar level. On ridge 1, D. glomerata and H. lanatus supported significantly higher
densities of all combined predatory groups than did the other treatments (total predators
F,, = 21.76, P < 0.001; predatory Carabidae F,,, = 27.09, P < 0.001; predatory
Staphylinidae F;, = 7.86, P < 0.001; Araneae F;, = 10.86, P < 0.001). On ridge 2, H.
lanatus supported higher densities of predators than did the other three treatments (total
predators F;,3 = 14.95, P < 0.001; predatory Carabidae F,;, = 12.15, P < 0.001; predatory
Staphylinidae F;, = 7.46, P < 0.001; Araneae F,, = 4.91, P < 0.01).

Winter 1989/90
The densities of the combined predatory groups obtained by destructive sampling

from all three ridges are presented in Table 2.3. Although predator densities were reduced

slightly in some treatments compared to the previous year (most markedly in the Carabidae
on ridge 1), ridges 1 & 2 showed significant between-treatment differences for each of the
predatory groups except for the predatory Staphylinidae on ridge 1, and the predatory
Staphylinidae and total predators on ridge 2 (ridge 1: total predators F;,, = 5.35, P < 0.01;
Carabidae F;,, = 18.53, P < 0.001; predatory Staphylinidae Fs;, = 1.89, P = 0.14; Araneae
F;;, = 6.85, P < 0.001; and ridge 2 total predators F,,, = 1.82, P = 0.15; Carabidae F;,, =
10.25, P < 0.001; predatory Staphylinidae F;,, = 0.73, P = 0.54; Araneae F;;, = 2.93, P <
0.05).

On ridge 3, significant between treatment differences were observed for the total
predators (Fs5 = 4.95, P < 0.01), Carabidae (Fs;5 = 5.99, P < 0.001) and the predatory
Staphylinidae (F;5 = 5.16, P < 0.01). No significant between-treatment differences were
observed for the Areanae (F;5 = 1.16, P = 0.33).

On all three ridges, treatments sown with the tussock- forming grass D. glomerata
appeared to support the highest denisties of Carabidae. For the predatory Staphylinidae,
densities were high on all three ridges during the final winter, and H. lanatus, although not
always significant, appeared to provide one of the most suitable overwintering habitats. No

individual grass treatment however, consistently supported highest densities of Araneae.

Predator species composition

The most abundant predatory Carabidae and Staphylinidae were identified to genus
or species level. As this project was originally designed to manipulate overwintering

habitats for predatory Coleoptera (the families studied in detail by Sotherton (1984, 1985)),
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the Araneae were identified only to family level.

Although all treatments were sampled on ridges 1 & 2 in winter 1987/88, data for
only the four single-grass species treatments are presented; these were the only treatments
sampled in all winters.

Densities of the most common species of predator overwintering in the four single-
grass species treatments on the within-field ridges 1 & 2 during the first three winters
following establishment are given in Tables 2.4 - 2.6. Data for the final winter on ridge 3
are presented in Table 2.7. Randomised block analysis of variance (log (n+1)
transformation) followed by Tukey’s test was carried out for each ridge to identify any
between-treatment differences. Only the most abundant predator species are tabulated and
so the totals of the various predatory groups (Tables 2.1 - 2.3) may exceed the sum of the
individual species listed in the Tables 2.4 - 2.7. Furthermore, some species may not be

represented consistently due to between-year and between-site variation in community

structure.

Carabidae
The same species dominated the whole predator group on ridges 1 & 2 for all

years of the study. The species found on the second farm on ridge 3 during the final year

were similar to those on the principal study farm. Bembidion lampros (Herbst.), Bembidion

obtusum (Serville), Demetrias atricapillus (L.) and Trechus quadristriatus {(Shrank) were
common to all sites in all years. Notiophilus bigutattus (F.) was present on ridges 1 & 2
during the 1987/88 winter but was virtually absent in the following years. Conversely,

species of the genus Amara were not present until the second winter (1988/89) of the

study and even by the third winter were not abundant enough to allow analysis at the
single species level. Agonum dorsale (Pont.), with the exception of ridge 2 during 1988/89,

was encountered infrequently. Demetrias atricapillus reached peak densities on ridge 1

during the second winter and dominated the total Carabidae catch in the Dactylis glomerata
and Holcus lanatus treatments (overall D. atricapillus accounted for 77.9% of the total
predatory carabid beetles caught on ridge 1 and 47.8% on ridge 2 at this time). Significant
between-treatment differences for individual carabid species were more apparent during the

second and third winters than in the first. Furthermore, total carabid densities in the most

favourable treatments on ridges 1 & 2 were comparable with the overall carabid densities

from the natural field boundaries surrounding the adjacent fields at the end of the study

(Table 2.6).
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Staphylinidae
As with the Carabidae, a small number of species dominated the predatory Staphylinidae

for all three winters. Tachyporus hypnorum (Fabricius) was the most abundant single species for

all years of the study; this was most pronounced on ridges 1 & 2 during 1988/89 (accounting for
49.2% and 56.0% of the total predatory staphylinids, respectively) and 1989/90 (accounting for
459% and 39.7% respectively) winters. Similarly, T. hypnorum dominated the predatory
Staphylinidae on ridge 3 during 1989/90 (48.4% of the total). Holcus lanatus appeared to support
the highest densities of T. hypnorum at all three sites during the 1989/90 winter, although this
was not always statistically significant. Other species of the genus Tachyporus were Tachyporus

chrysomelinus (L.), Tachyporus obtusus (L.) with some Tachyporus nitidulus (Fabricius). Species

of the genus Stenus were found on all ridges in relatively low numbers with the exception of
ridge 1 in 1988/89, where densities in plots sown with H. lanatus and D. glomerata exceeded
200m™  As for the Carabidae, total predatory staphylinid densities on ridges 1 & 2 were

comparable with the overall densities in the natural boundaries of the adjacent fields (Table 2.6).

Araneac

The Araneae were dominated by the families Linyphiidae and Lycosidae. Agrostis
stolonifera tended to support the lowest densities of Lycosidae on ridges 1 & 2 throughout the
study and on ridge 3 during winter 1989/90, although these differences were not always
significant. There were no consistent distribution patterns for the Linyphiidae throughout the
study, although some significant between-treatment differences did exist (Tables 2.4-2.6). During
the 1989/90 winter, Araneae densities on ridges 1 & 2 were comparable with those observed in

the adjacent field boundaries (Table 2.6).

Changes in predator community structure

As data for ridge 3 were not available until the final study year, details of community

structure are presented in full for ridges 1 & 2 only.

Carabidae

The Carabidae were divided into "boundary” carabids (those species that were largely

dependent on boundary habitats as overwintering refuge sites e.g. Agonum dorsale,

Bembidion lampros, Demetrias atricapillus and certain Amara spp. (Sotherton 1984, 1985))

and "open-field" carabids (i.e. those species that had regular patierns of dispersion in
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agricultural land and were present at the field centres even during the winter period e.g.
Bembidion obtusum, Notiophilus bigutattus and Trechus quadristriatus (Sotherton
1984,1985)). The proportion of boundary and open-field carabids in the different
treatments over the three winters on ridge 1, together with the average proportion of
boundary and open-field carabids from the four natural boundaries surrounding field 1
sampled during the 1989/90 winter, are presented in Fig. 2.1. The carabid population was
dominated by open-field species during the first winter, with few boundary carabid species
at this time. In the second and third winters, there was a significant increase in the
proportions of boundary carabids in the four treatments (two-way analysis of variance on
the mean proportion of boundary carabids (Varcsine transformation) for each treatment
between blocks and years, followed by Tukey’s test). The highest proportions tended to
occur in winter 1988/89, although proportions in winter 1989/90 were significantly higher
than those of winter 1987/88 (A. stolonifera F,,, = 16.3, P < 0.001; D. glomerata F,,, =
28.2, P < 0.001; H. lanatus F,,, = 25.9, P < 0.001; L. perenne F,,, = 6.1, P < 0.05).
Comparison of proportions of "boundary" carabids (Varcsine transformation) in the ridge
treatments (mean per block) and in the natural boundaries (mean per boundary)

surrounding field 1 showed there was no significant difference between the ridge treatment

and the natural boundary communities taken as a whole, during winter 1989/90 (F, = 1.6,
P = 0.21).

The proportion of boundary and open-field carabids over the three winters on ridge
2, together with the average proportion of boundary and open-field carabids in the natural
boundaries of field 2 during winter 1989/90, are presented in Fig. 2.2. As for ridge 1, the
ridge 2 carabid population was dominated by open-field species during the first winter. In
the following winter, there was a significant increase in the proportion of boundary
carabids. In the final winter, proportions of boundary carabids were at their highest in all
treatments except for L. perenne, which did not differ significantly between second and
third winters (A. stolonifera F,;, = 33.3, P < 0.001; D. glomerata F,,, = 25.9, P < 0.001;
H. lanatus F,;,, = 71.9, P < 0.001; L. perenne F,,, = 21.6, P < 0.001). Comparison
between proportions of boundary carabids in the ridge treatments and proportions in the
natural boundaries surrounding field 2, showed there was no significant difference between
the ridge treatment and the existing boundary communities during the final winter (F,,; =
0.8, P = 0.49).

~Temporal changes in the proportion of lycosid spiders out of the Linyphiidae +
Lycosidae total, in the various treatments on ridges 1 & 2 are presented in Figs. 2.3 & 24
respectively. Two-way analysis of variance revealed a significant increase through time in

the proportion (Varcsine transformation) of Lycosidae in the four treatments on both ridges
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(ridge 1 : A. stolonifera F,,, = 18.9, P < 0.001; D. glomerata F,,, = 23.0, P < 0.001; H.
lanatus F,y, = 17.1, P < 0.001; L. perenne F,;, = 24.7, P < 0.001. Ridge 2 : A. stolonifera
F,1o = 4.5, P < 0.05; D. glomerata F,,, = 36.6, P < 0.001; H. lanatus F,,, = 58.2, P <
0.001; L. perenne F,;, = 12.5, P < 0.001).

There was no significant difference between the ridge treatment and natural
boundary lycosid proportions in field system 1 or 2 by the end of the study (F,,; = 1.6, P
= 0.21 and F,,; = 0.9, P = 0.47 respectively).

Table 2.1. Mean densities (m® of groups of polyphagous predators sampled by surface-
searching, winter 1987/88 (year 1) and 1988/89 (year 2). Treatments within a year with the
same letter do not differ significantly at the 5% level (randomised block analysis of

variance followed by Tukey’s (1949) test).

No. predators (m?)

Treatment Year Carabidae Staphylinidae Araneae Total predators
Ridge 1

A. stolonifera 1 29.1 (a) 04 b 9.2 © 38.7 (b)
D. glomerata 1 383 (a) 3.5 (b) 246 (b) 664 (a)
H. lanatus 1 346 (a) 7.1 (a) 4677 (ab) 884 (a)
L. perenne 1 42,1 (a) 108 (a) 488 (a) 101.7 (a)
3 species 1 450 (a) 54 (ab) 25.0 (b) 754  (a)
4 species 1 417 (a) 4.2 (ab) 254 (b) 713 (a)
Bare ground 1 238 (a) 04 (b) 5.8 © 300 (b
Field 1 1 214 3.8 8.3 33.5

A. stolonifera 2 70.8 (a) 7.9 (cd) 454 (bc) 124.1 (b)
D. glomerata 2 60.8 (a) 242 (ab) 65.8 (abc) 150.8 (ab)
H. lanatus 2 479 (a) 192  (abc) 717 (ab) 138.83 (ab)
L. perenne 2 371 (a) 121 (bc) 483 (abc) 975 (b)
3 species 2 60.0 (a) 36.7 (a) 917 (a) 1884 (a)
4 species 2 496 (a) 142 (abc) 392 (o) 103.0 (b)
Bare ground 2 2.4 (b) 04 (@ 2.5 (d) 53 ©
Field 1 2 11.0 0.0 5.1 16.1

Ridge 2

A. stolonifera 1 70.0 (a) 14.1  (b) 37.6 (a) 121.7 (a)
D. glomerata 1 70.6 (a) 22.5 (a) 57.1  (a) 150.2 (a)
H. lanatus 1 567 (ab) 272 (a) 722  (a) 156.1 (a)
L. perenne 1 533 (ab) 233 (a) 450 (a) 121.6 (a)
3 species 1 528 (ab) 222 (a) 439 (a) 118.9 (a)
4 species 1 506 (ab) 273 (a) 573 (a) 135.2 (a)
Bare ground 1 244 (b) 0.0 © 5.0 (b) 294 (b)
Field 2 1 38.9 2.5 7.1 48.5
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Table 2.2. Mean densities (m?) of groups of polyphagous predators obtained by destructive
sampling from ridges 1 & 2, winter 1988/89. See Table 2.1.

No. predators (m?)

Treatment Total Total Total Total
Carabidae Staphylinidae Araneae predators
Ridge 1
A. stolonifera 157.5 (b) 160.3 (ab) 170.0 (bc) 487.8 (b)
D. glomerata 1112.5 (a) 152.5 (b) 2225 (ab) 1487.5 (a)
H. lanatus 765.0 (a) 2724 (a) 360.3 (a) 1397.7 (a)
L. perenne 107.4 (b) 506 (b) 117.7 (¢) 2757 (b)
Field 1 10.0 3.1 10.0 25.6
Ridge 2
A. stolonifera 111.0 (bc) 888 (b) 73.5 (ab) 273.3 (bc)
D. glomerata 97.0 (o 69.3 (b) 513 (b 217.6 (¢
H. lanatus 301.3 (a) 206.8 (a) 140.3 (a) 6484 (a)
L. perenne 200.0 (ab) 98,5 (b) 957 (ab) 394.2 (ab)
Field 2 18.0 4.0 6.7 28.7
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Table 2.3. Mean densities (m?®) of groups of polyphagous predators obtained by destructive
sampling from ridges 1, 2 & 3, together with field boundaries surrounding fields 1 & 2,

winter 1989/90. See Table 2.1.

No. predators (m?)

Treatment Total Total Total Total
Carabidae Staphylinidae Araneae predators
Ridge 1
A. stolonifera 583 (b) 293.8 (a) 152.1 (ab) 5042 (ab)
D. glomerata 220.1 (a) 2979 (a) 263.6 (a) 763.6 (a)
H. lanatus 573 (bc) 3573 (a) 158.3 (ab) 5729 (a)
L. perenne 30.2 (o) 219.8 (a) 108.3 (b) 3583 (b)
Field 1 7.5 4.2 8.0 19.7
Existing boundaries  221.9 200.6 118.8 541.3
Ridge 2
A. stolonifera 151.2 (ab) 179.2 (a) 813 (b 411.5 (a)
D. glomerata 2413 (a) 181.5 (a) 130.4 (ab) 5533 (a)
H. lanatus 854 (b 215.6 (a) 131.3 (ab) 4323 (a)
L. perenne 9895 (b) 2771 (®) 165.6 () 5417 (2)
Field 2 12.0 2.1 6.5 20.6
Existing boundaries  308.1 187.5 73.8 569.4
Ridge 3
A. stolonifera 16.7 (b) 180.2 (b) 169.8 (a) 397.9 (b)
D. glomerata 69.8 (a) 242.8 (ab) 219.8 (a) 555.2 (ab)
H. lanatus 479 (ab) 4469 (a) 220.8 (a) 756.3 (a)
L. perenne 344 (ab) 257.3 (ab) 2333 (a) 529.2 (ab)
Field 3 6.5 3.8 10.5 20.8
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Table 2.4. Mean predator densities (m?) obtained by surface-searching from the four single grass treatments on ridges 1 & 2, winter 1987/88. Treatments in the same

row sharing the same letter do not differ significantly at the 5% level for individual predatory groups (randomised block analysis of variance (log (n+1)) followed by
Tukey’s test). Absence of letters for particular predator groups indicates that numbers were too low for analysis.

Number of predators (m?)

Predatory group Agrostis stolonifera Dactylis glomerata Holcus lanatus Lolium perenne
Ridge 1 Bembidion lampros 1.3 (a) 1.3 (a) 0.8 (a) 1.3 (a)
Bembidion obtusum 21.3 (a) 333 (a) 242 (a) 24.6 (a)
Demetrias atricapillus 0.4 (a) 4.2 (a) 0.8 (a) 3.3 (a)
Notiophilus biguttatus 2.1 (a) 1.7 (a) 46 (a) 3.3 (a)
Trechus quadristriatus 0.4 (a) 2.0 (a) 1.7 (a) 2.5 (a)
Total Carabidae 29.2 (a) 38.3 (a) 346 (a) 42.1 (a)
Stenus spp. 0.0 0.4 0.4 0.0
Tachyporus hypnorum 0.4 (b) 2.9 (ab) 6.3 (@) 6.7 (a)
Other Tachyporus spp. 0.0 0.0 04 (1) 2.5 (a)
Total Staphylinidae 0.4 (b) 3.8 (ab) 7.1 (a) 10.8 (a)
Linyphiidae 9.2 (c) 219 (b) 420 (ab) 475 (a)
Lycosidae 0.0 1.7 (ab) 3.8 (@ 1.3 (ab)
Total Araneae 9.2 © 24.6 (b) 46.7 (ab) 48.8 (a)
Total predators 38.8 (b) 66.7 (a) 88.3 (a) 101.2  (a)
Ridge 2 Bembidion lampros 0.8 (b) 5.4 (a) 08 0.8 (b)
Bembidion obtusum 51.6 (a) 442 (ab) 32.1  (ab) 24.6 (b)
Demetrias atricapillus 0.8 (b) 15.0 () 150 (a) 8.3 (a)
Notiophilus biguttatus 14.6 (a) 7.9 (a) 10.0 (a) 9.2 €)]
Trechus quadristriatus 1.7 (a) 33 (a) 46 (a) 0.8 (a)
Total Carabidae 70.8 (a) 60.8 (a) 479 (a) 37.1 (a)
Stenus spp. 2.5 (a) 6.7 (a) 6.7 (a) 2.1 (@)
Tachyporus hypnorum 3.8 (a) 9.2 (a) 7.0 (a) 2.9 (a)
Other Tachyporus spp. 1.7 (a) 4.2 (a) 1.3 (a) 0.0
Total Staphylinidae 7.9 ) 24.2 (a) 19.2 (ab) 12.1 (ab)
Linyphiidae 454 (a) 61.1 (a) 67.9 (a) 48.3 (a)
Lycosidae 0.0 3.8 (a) 29  (a) 0.0
Total Araneae 454 (a) 65.8 (a) 717 (@ 483 (a)
Total predators 124.2  (a) 150.1  (a) 138.8 (a) 97.5 (a)
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Table 2.5. Mean predator densities (m®) obtained by destructive sampling from the four single grass species treatments on ridges 1 & 2, winter 1988/89. See Table
2.4,

Number of predators (m?)

Predatory group Agrostis stolonifera Dactylis glomerata Holcus lanatus Lolium perenne
Ridge 1 Amara spp. 6.3 (a) 2.1 (a) 2.1 (a) 2.1 (a)
Bembidion lampros 45.8 (a) 354 (ab) 18.8 (ab) 8.3 (b
Bembidion obtusum 68.8 (a) 116.7 (a) 62.5 (a) 20.8 (@
Demetrias atricapillus 8.3 (c) 9229 (a) 662.5 (a) 64.6 )]
Trechus quadristriatus 229 (a) 27.1 (a) 14.6 (a) 18.8 (a)
Total Carabidae 1542 (b) 1104.2 (a) 760.4 (a) 1146 (b)
Stenus spp. 0.0 2146 (a) 2479 (a) 1313 (a)
Tachyporus hypnorum 1292 (a) 1208 (a) 227.1 (a) 333 (b)
Other Tachyporus spp. 313 (a) 31.3 (a) 458 (a) 16.7 (a)
Total Staphylinidae 1604 (b 366.7 (ab) 520.8 (@) 181.3 (b)
Linyphiidae 164.1  (bo) 2104  (ab) 340.6 (a) 97.9 (©)
Lycosidae 6.3 (a) 12.5 (a) 18.8 (a) 18.8 (a)
Total Araneae 170.8  (bc) 2229 (ab) 360.4 (a) 1168 (c)
Total predators 4854 (b) 1693.8 (a) 1641.7 (a) 4125 (b)
Ridge 2 Agonum dorsale 22.2 (a) 6.9 (a) 34.7 (a) 27.8 (a)
Amara spp. 14 (a) 2.8 (a) 42 (a) 0.0
Bembidion lampros 0.0 9.7 (a) 1.4 1)) 0.0
Bembidion obtusum 6.9 (a) 1.4 (a) 5.6 (a) 11.1 (a)
Demetrias atricapillus 29.2 (c) 36.1 (bc) 177.8 (a) 83.3 (ab)
Trechus quadristriatus 38.8 (@) 27.8 (a) 389 (a) 472  (a)
Total Carabidae 111.0  (bc) 97.2 (c) 3014 (a) 2000 (ab)
Stenus spp. 2.8 (a) 12.5 (a) 11.1 (a) 152  (a)
Tachyporus hypnorum 514 (a) 472 (a) 97.2 (a) 47.2 (a)
Other Tachyporus spp. 13.9 (be) 14 ©) 75.0 (a) 25.0 (ab)
Total Staphylinidae 88.8 b 69.3 (b) 206.8 (a) 98.5 )
Linyphiidae 62.5 {ab) 4538 (b) 1139 @ 83.3 (ab)
Lycosidae 8.2 (a) 6.9 (b) 19.5 ) 31.9 (ab)
Total Araneae 73.5 (ab) 51.3 (b) 140.3 (@) 95.7 (ab)
Total predators 273.5  (bo) 2175 (o) 648.3 (a) 3942 (b)

24



Table 2.6. Mean predator densities (m?) obtained by destructive sampling from ridges 1 & 2 and field boundaries surrounding fields 1 & 2, winter 1989/90. Letters are absent
from the natural boundaries column as these values were not included in the analysis of variance, See Table 2.4.

Number of predators (m?)

Predatory group Agrostis Dactylis Holcus Lolium Natural
stolonifera glomerata lanatus perenne boundaries
Ridge 1 / Amara spp. 5.2 (a) 0.0 3.1 (a) 4.2 (a) 2.5
Field 1 Bembidion lampros 9.4 (a) 2.1 @) 1.1 (a) 2.1 (a) 20.6
Bembidion obtusum 20.8  (a) 27.1  (a) 229 (a) 115 (a) 97.5
Demetrias atricapillus 2.1 (b) 154.2 (a) 17.7 (b) 9.4 (b) 73.1
Trechus quadristriatus 104 (a) 115 (a) 52 (a) 7.3 (a) 4.4
Total Carabidae 583 (b) 220.1 (a) 5713 (bo) 302 (o) 2219
Stenus spp. 177 (a) 375 (a) 19.8 (a) 177 (a) 26.3
Tachyporus hypnorum 158.5 (b) 153.1 (a) 168.8 (a) 573 (b) 133.1
Other Tachyporus spp. 1208 (a) 90 @ 161.5 (a) 1417 (@) 35.6
Total Staphylinidae 293.8 (a) 2979 (a) 357.3 (a) 219.8 (a) 200.6
Linyphiidae 115.6 (ab) 1418 (a) 79.2 (ab) 69.8 (b) 53.1
Lycosidae 365 (b) 117.8 (a) 78.0 (ab) 396 (b 62.8
Total Araneae 152.1 (ab) 263.6 (a) 158.3 (ab) 108.3 (b) 118.8
Total predators 504.2 (ab) 763.6 (a) 5729 (a) 3583 (b) 541.3
Ridge 2 / Amara spp. 52 (a) 2.2 (a) 73 (a) 1.1 (a) 1.9
Field 2 Bembidion lampros 120.8 (a) 121.7 (a) 61.5 (b) 844  (ab) 246.9
Bembidion obtusum 18.8  (ab) 533 () 42 (b 6.3 (ab) 30.6
Demetrias atricapillus 2.1 ) 61.9 (a) 73 (b 7.3 (b) 13.1
Trechus quadristriatus 0.0 1.1 0.0 0.0 0.6
Total Carabidae 151.2 (ab) 2413 (a) 854 (b) 98.9 (b) 308.1
Stenus spp. 0.0 8.7 (a) 0.0 9.4 (a) 1.9
Tachyporus hypnorum 927 (a) 696 (a) 106.3 (a) 698 (a) 130.0
Other Tachyporus spp. 823 (a) 989 (w) 102.1 (a) 1948 (a) 40.6
Total Staphylinidae 179.2 (a) 1815 (a) 215.6 (a) 2771 (a) 187.5
Linyphiidae 489 (a) 64.1 (a) 66.7 (a) 9%0.0 (a) 31.0
Lycosidae 303 (a) 64.1 (a) 62.1 (a) 709 (a) 41.5
Total Araneae 813 (b 1304 (ab) 131.3 (ab) 165.6 (a) 73.8
Total predators 4115 (a) 5533 (a) 4323 (a) 5417 (a) 569.4
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Table 2.7. Mean predator densities (m?) obtained by destructive sampling from ridge 3, winter 1989/90. See Table 2.4.

Number of predators (m?)

Predatory group Agrostis stolonifera Dactylis glomerata Holcus lanatus Lolium perenne
Ridge 3 Amara spp. 3.1 (a) 9.4 (a) 2.1 (a) 1.0 (a)

Bembidion lampros 1.0 (b) 13.5 (a) 156 (a) 94 (a)
Bembidion obtusum 4.2 (a) 13.5 (a) 3.1 (a) 8.3 (a)
Demetrias atricapillus 0.0 12.5 (a) 2.1 (a) 2.0 (a)
Trechus quadristriatus 8.3 (a) 13.6 (a) 19.2  (a) 7.3 (a)
Total Carabidae 16.7 () 69.8 (a) 479 (ab) 344 (ab)
Stenus spp. 2.1 (a) 6.3 (a) 9.4 (a) 5.2 (a)
Tachyporus hypnorum 1021 (a) 1115 (a) 220.8 (a) 1125 (a)
Other Tachyporus spp. 68.8 (b) 1125  (a) 2115 (a) 1354  (ab)
Total Staphylinidae 180.2 () 2428  (a) 4469 (ab) 2573 (a)
Linyphiidae 140.7  (a) 176.1  (a) 1735 (a) 1657 (a)
Lycosidae 27.1 (b) 41.7 (ab) 448 (a) 66.2 (a)
Total Araneae 169.8 (a) 219.8  (a) 220.8 (a) 2333  (a)
Total predators 3979 () 555.2  (ab) 756.3 (a) 5292  (ab)
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