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Abstract The use of riparian buVer strips as a means of reducing diVuse pollution in
European grassland systems is becoming more common and consequently there is a need
for comprehensive research on the inXuence of buVer strip management, placement and
structure on biodiversity. Carabid assemblages were examined in a range of riparian zones
in intensively managed grassland in Scotland. Carabids were monitored by pitfall trapping
in riparian zones open to grazing, wide riparian buVer strips (>5 m wide), narrow boundary
strips (<2 m wide) and adjacent Welds in order to determine factors inXuencing carabid
diversity and assemblage structure. While carabid diversity was greater in open riparian
zones and narrow boundary strips when compared to the adjacent Welds, it was actually
poorer in wide riparian buVers when compared to open zones thus indicating wide buVers
may actually be detrimental to carabid diversity. Carabid assemblages in wide riparian
buVers were, however, more distinct from the adjacent Weld than narrow boundary strips or
riparian zones open to grazing. Consequently, while the presence of wide riparian buVers
may not promote carabid diversity within the actual buVer strips, by adding an additional
habitat that supports a distinct carabid assemblage, riparian buVer strips may promote
diversity at the landscape level. Carabid assemblage structure was driven by a combination
of soil and vegetation characteristics in addition to physical attributes including distance
from the watercourse and width of the strip. Only when we have a better understanding of
the factors inXuencing biodiversity within riparian buVer strips can we start to formulate
eVective management prescriptions that fuse their dual function of pollution mitigation and
biodiversity promotion.
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Introduction

Many declining farmland species utilise agricultural Weld margins (e.g. Xowering plants
(Marshall and Moonen 2002), invertebrates such as the bumblebee (Bäckman and Tiainen
2002), birds such as the cirl bunting (Peach et al. 2001) and mammals such as the water
vole (Rushton et al. 2000)) and consequently the restoration and preservation of Weld mar-
gins is of key importance in conserving biodiversity within the agricultural landscapes of
Europe. Restoration and sympathetic management of Weld margins in intensively managed
land has been widely advocated in Europe as a way of integrating economic and environ-
mental objectives on farmland (Boatman 1994; Jörg 1994). While riparian buVer strips
(uncultivated strips at the edge of waterways) are increasingly being used to reduce diVuse
pollution in grassland systems by creating a physical barrier between the water and the
source of the pollution (e.g. pesticide sprayers or livestock), their role in promoting
biodiversity has largely been overlooked. With comprehensive research into the inXuence
of these riparian buVers on biodiversity lacking, it is diYcult to determine the best way to
manage them for biodiversity in order to obtain multiple ecological beneWts (e.g. pollution
control and biodiversity conservation) within agricultural landscapes.

The sympathetic management of the outer margins of cereal crops (i.e. conservation
headlands) beneWts a wide range of plants, invertebrates, birds and mammals (Fuller 2000;
Kromp and Steinbeger 1992; Röser 1988; Siriwardena et al. 1998), and similarly managing
the outer margins of grassland Welds for conservation promotes the abundance of slugs,
caterpillars, homopteran bugs (Haysom et al. 2000, 2004) and phytophagous beetles
(Woodcock et al. 2007). Riparian zones provide a diverse array of habitats, landforms and
communities and are consequently naturally rich in biodiversity (Corbacho et al. 2003).
Their sympathetic management has been shown to promote butterXies, reptiles, amphibians
and birds (Marshall and Moonen 2002). Riparian buVer strips therefore not only target
high-quality habitats within intensively managed grassland, but can also act as wildlife
corridors linking such areas within an otherwise homogenous mosaic of intensively
managed land.

The age, width, length and connectivity of buVer strips are important when consider-
ing their beneWt to biodiversity. When viewed solely as a means of reducing diVuse
pollution, the optimal width of the buVer depends on several factors such as slope of hill,
physical attributes of the soil, stocking density, agro-chemicals applied and their mode of
application. Recommended widths for enhancing biodiversity are generally much wider
than those suggested for diVuse pollution control (Fischer and Fischenich 2000) and it
has been suggested that the minimum width should be the width that allows the buVer
strip to act as a functional ecosystem rather than simply an ecotone between two habitats
(e.g. more than 5 m for invertebrates: Bedford and Usher (1994)). Kaule et al. (1983)
showed that narrow Weld margins were almost insigniWcant in linking uncultivated
grassland habitats and species with narrow ecological ranges remained as isolated
populations furthermore several studies have found that the number of bird species is
positively correlated with the width of riparian buVer strips (Deschênes et al. 2002;
Hafner and Brittingham 1993).

The aim of the current study was to gain insight into the factors inXuencing carabid
diversity and assemblage structure within riparian zones in intensively managed grassland.
Such information will help to determine the optimum prescription for the placement and
management of riparian buVer strips.
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Methods

Study sites

A total of seven grassland dominated farms in the Cessnock catchment area, Ayrshire,
Scotland (UK National Grid Reference: NS 53) were selected for study. Within these farms
22 sampling locations were established, on intensively managed grassland Welds (i.e. pro-
ductive ryegrass, Lolium perenne L., swards with high inputs of inorganic fertilisers
encompassing livestock grazing and/or cutting for silage). Each sampling location was
allocated into one of three categories: Open Sites (i.e. sites with no fence between the Weld
and watercourse), Boundary Sites (i.e. sites with narrow fenced oV riparian strips, width
<2 m, established primarily to contain livestock/mark farm boundaries) and buVer sites (i.e.
sites with wide fenced oV riparian strips, width >4 m, established to increase biodiversity
and/or reduce diVuse pollution). At each site, two sampling transects were established, one
adjacent to the watercourse (Water) and the other 4–6 m into the Weld from the fenceline, or
in the case of open sites 4–6 m from the Water transect (Field). For buVer sites a third tran-
sect was established, where appropriate, at the midpoint between the fenceline and the
Water transect (Middle). A total of seven diVerent treatments were therefore investigated
(Fig. 1, Table 1). The study sites were chosen speciWcally to represent a range of vegetation
types and widths of strips.

Sampling methodology

Carabids were sampled by pitfall trapping over a 3 years period (2004–2006). At each tran-
sect a line of pitfall traps was installed (total 51 lines). Each line of pitfalls consisted of 9
plastic cups, 75 mm diameter and 100 mm deep placed at 2 m intervals. Each trap
contained approximately 50 ml of mono-propylene glycol (i.e. to act as a killing agent and
preservative) and was covered by a 15 mm wire mesh to reduce interference by livestock
and small mammals (Cole et al. 2002). Traps were installed in June and left in situ for

Fig. 1 Experimental setup of the survey sites indicating the three types of riparian zones (Boundary, BuVer
and Open) and the two–three pitfall transects within each, thus giving a total of seven treatments (Table 1)
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4 weeks. Following collection, the traps were reinstalled and left for a further 4 weeks
giving two annual uplifts (June and July). On collection, the samples from the nine pitfalls
in each line were pooled. As both the activity and abundance of carabids inXuence pitfall
catches (Greenslade 1964), the number of carabids caught will be referred to as the activity
abundance (Thiele 1977). Carabids were identiWed to species level in order to determine
eVects on assemblage structure and diversity.

Information on vegetation height, density and composition was collected annually in
autumn for each transect. Vegetation composition was determined by randomly placing
four 1 m £ 1 m quadrates along each pitfall line and recording percentage bare ground,
plant species diversity, relative abundance of species (recorded on the domin scale) and
frequency of key weed species (i.e. number of Cirsium and Rumex spp.). The Robel pole
visual obscurity method (Robel et al. 1970) was used to measure sward density and height.

During pitfall installation in June four soil cores (6 cm diameter and 10 cm deep) were
taken at random from each line of pitfall traps and the soil was subjected to standard soil
analyses to determine: pH, % moisture content, % organic matter content, phosphorus
availability (mg/l) and potassium availability (mg/l). Information on the soil impenetrability
(blf/in2) was collected using a soil penetrometer during pitfall installation and collection.
Data on the transect altitude, width of margin and distance of transect from the water
course were also collected.

Statistical analyses

Canonical correspondence analysis (CCA: ter Braak and Kmilauer 2002) was conducted,
without downweighting rare species, to determine the principal environmental components
driving the carabid assemblage structure. Prior to analysis data from the two sampling dates
in each year were combined to give an overall indication of carabid assemblage structure
for that year. This analysis was conducted on the carabid relative abundance data to overcome
problems in estimating true densities associated with pitfall trapping.

A total of 13 continuous environmental variables and four categorical variables were
considered for analysis (Table 2). A Wfth categorical variable (Open Water) was omitted as a
consequence of collinearity. Where required, environmental variables were log/arcsin square
root transformed to normalise prior to analysis. To reduce problems with multicollinearity

Table 1 Description of 
treatments, their codes, and the 
number of farms and transects 
in each

Treatment Code No. 
transects

No. 
farms

Description

BuVer Water BufW 6 2 Adjacent to water course 
in riparian buVer strip

BuVer Middle BufM 5 1 In centre of riparian 
buVer strip

BuVer Field BufF 6 2 4 m into Weld from buVer/
Weld fence line

Boundary Water BW 6 3 Adjacent to water course 
in boundary strip

Boundary Field BF 6 3 4 m into Weld from 
boundary/Weld fence 
line.

Open Water OW 9 6 Adjacent to unfenced 
water course

Open Field OF 9 6 4 m into Weld from open 
water line
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between variables, a forward selection process was applied and only variables found to be
statistically signiWcant (at the 5% level) by the Monte Carlo Permutation test were included
in the analysis (ter Braak and Kmilauer 2002).

To investigate the inXuence of treatment on diversity a combination of diversity mea-
sures were calculated: S (number of species) and Margalef’s index to measure species rich-
ness, Pielou’s index to measure evenness, and Shannon and the Reciprocal of Simpson’s
Dominance to measure overall diversity. In addition the carabid activity abundance (i.e.
number trapped by pitfalls) was calculated. By combining indices which look at evenness,
richness and overall diversity a more accurate picture of diversity can be obtained (Magur-
ran 1988). Diversity indices were calculated for the second uplift only as this uplift coin-
cided with vegetation sampling.

InXuences of treatment (Table 1), vegetation density and year of sampling on carabid
diversity, abundance and species richness were determined by linear mixed models using
the method of residual maximum likelihood (REML: Payne et al. 2005). As the vegetation
density was recorded in autumn, only the July pitfall uplifts were included in these analyses
as these data corresponded more closely to the vegetation data. Where required diversity
measurements were log transformed to normalise prior to analyses. Three models were
Wtted in GenStat 8.1 (Payne et al. 2005) to enable eVects of vegetation density, year and
treatment to be separated (i.e. Fixed eVects = Vegetation density + Year + Treatment;
Treatment + Vegetation density + Year; Year + Treatment + Vegetation density). In each
model eVects of treatment, vegetation density and year were assessed after adjusting for
eVects of farm and sampling location (i.e. Random eVects = Farm/Location/Year).

Linear mixed models were also used to determine the inXuence of treatment on vegeta-
tion density, vegetation height, number of grass species, number of dicotyledonous species
and abundance of key weed species (i.e. number of Cirsium and Rumex spp.). For these

Table 2 List of environmental 
variables taken into consideration 
in the canonical correspondence 
analysis

Factor Description

Continuous
Margin width* Width of fenced oV margin where pitfall

transect is located (m)
Organic matter* Soil organic matter content %
Moisture* Soil moisture content % 
Dicotyledon spp.* Number of dicotyledon plant species 
Vegetation density* Density of vegetation as measured by 

Robel Pole (cm)
Impenetrability* Soil impenetrability (blf/in2)
Altitude* Altitude of the pitfall trap location (m)
Distance from water* Distance of pitfall transect from nearest 

water (m)
pH Soil pH
Phosphorus Availability of phosphorus in the soil (mg/l
Potassium Availability of potassium in the soil (mg/l)
Bare ground Percentage cover of bare ground
Grass spp. Number of grass species 
Categorical variables
BuVer Water* BuVer Water transects
BuVer Middle* BuVer Middle transects
Boundary Water* Boundary Water transects
Field All transects established in Welds 
Open Water Open Water transects (omitted due to 

collinearity)

* Denotes factors signiWcant 
at P < 0.05. SigniWcant factors 
are listed in decreasing order
of signiWcance
1 C
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analyses the following model was utilised: (i.e. Wxed eVects = Year + Treatment; random
eVects = Farm/Location/Year).

Results

Over the three sampling years a total of 15,939 carabids consisting of 50 species were col-
lected by pitfall trapping.

Canonical correspondence analysis of the data yielded eigenvalues of 0.247, 0.182,
0.131 and 0.106 accounting for 6.9%, 5.1%, 3.7% and 2.9% (for axes 1–4 respectively) of
the total variation in carabid assemblage structure. The resultant ordination indicated that
treatment was a major factor determining the separation of sites in the ordination space
with inXuences of treatment being greater than those of farm, location or year of sampling
(Fig. 2). For most transects, the three sampling years occurred in close proximity to one
another in the ordination space indicating that carabid assemblage structure remained rela-
tively constant over the sampling period.

Pitfalls established in wide buVer strips (both Middle and Water) had higher axis one scores
than those established in Fields indicating that the carabid assemblages in the buVer strips were
distinct from those in the Fields. The higher axis one scores of Boundary Water transects when
compared to Boundary Field transects indicated a greater similarity of the former to BuVer
transects. There was a tendency for BuVer Water transects to have lower axis two scores when
compared with BuVer Middle transects suggesting that within the buVer strip proximity to the
water course inXuenced assemblage structure. While there was a clear separation between
Field and Water transects in treatments closed to livestock grazing (i.e. Boundary and BuVer)
there was no observable separation between the Open Field and Open Water transects.

Fig. 2 Biplot derived from canonical correspondence analysis of the carabid relative abundance data high-
lighting the diVerent treatments (Table 1), continuous environmental variables (vectors) and categorical envi-
ronmental variables (¥). Only environmental factors signiWcant at the 5% level are included in the analysis
(Table 2)
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The hydrophilic, shade loving species, Leistus rufescens and Stomis pumicatus, were
more frequently found in transects closed to livestock (i.e. Boundary and BuVer) than in
transects where livestock had access (i.e. Open Water and all Field: Table 3). Closed tran-
sects had denser vegetation and consequently provided shadier, more humid conditions.
Agonum fuliginosum and Patrobus atrorufus, again shade loving species, were also less
frequently found in Weld transects when compared to closed transects (i.e. Boundary Water,
BuVer Middle and BuVer Water: Table 3). However, these species were also frequently
found in Open Water transects indicating that vegetation density was not the primary factor
of inXuence. All Field and Open Water transects had higher frequencies of species that are
typical of damp lowland grassland such as Clivina fossor and Trechus micros (Table 3).
The riparian species Bembidion schueppeli was restricted to Open Water and BuVer Water
transects, but was noticeably absent from Boundary Water transects (Table 3). Synchus
nivalis, a seed eating species, was more abundant within BuVer (i.e. Water and Middle) and
Open Water transects than Boundary Water, and Field transects (Table 3).

Eight continuous environmental variables (margin width, organic matter, moisture,
dicotyledon spp., vegetation density, impenetrability, altitude and distance from water) and
three categorical variables (BuVer Water, BuVer Middle and Boundary Water) inXuenced
the carabid assemblages at a probability of <0.05% (Table 1). These eleven variables
accounted for 25.7% of the observed variation in carabid assemblage structure. Soil pene-
trability, organic content and distance from the water course appeared to be the main envi-
ronmental factors driving the division of sites to the left of the ordination indicating that
transects with low axes one scores were further from the water, had a higher organic con-
tent and more compacted soil. In agreement with this, transects to the left of the ordination

Table 3 Mean percentage of transects containing dominant species (i.e. those occurring in over 50% of tran-
sects within a treatment)

Species are placed in order of increasing percentage in Boundary Field transects

Boundary 
Field

BuVer 
Field

Open 
Field

Open 
Water

Boundary 
Water

BuVer 
Water

BuVer 
Middle

Bembidion schueppeli 0 0 0 22 0 57 0
Leistus rufescens 0 0 0 22 50 43 33
Stomis pumicatus 0 0 11 11 50 14 17
Synuchus nivalis 0 14 11 33 0 29 50
Patrobus atrorufus 0 29 22 67 67 100 67
Notiophilus biguttatus 17 0 11 22 50 14 17
Bembidion tetracolum 17 0 22 56 17 43 0
Agonum fuliginosum 17 14 33 44 33 71 67
Elaphrus cupreus 50 29 44 44 50 43 33
Pterostichus strenuous 50 71 89 89 100 86 100
Bembidion guttula 67 14 33 33 67 0 0
Pterostichus vernalis 67 29 67 44 67 14 50
Trechus micros 67 86 67 67 33 29 50
Pterostichus madidus 67 86 89 78 67 71 83
Amara plebeja 100 43 89 67 67 14 50
Clivina fossor 100 71 78 67 33 14 33
Bembidion aeneum 100 86 67 33 83 29 67
Agonum muelleri 100 100 100 100 100 71 83
Loricera pilicornis 100 100 100 100 100 100 83
Nebria brevicollis 100 100 100 100 100 86 83
Pterostichus melanarius 100 100 100 100 83 86 100
Pterostichus niger 100 100 100 100 83 71 100
Pterostichus nigrita agg. 100 100 100 100 100 100 100
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tended to be Weld transects (i.e. Open Field, Boundary Field and BuVer Field). Dicotyledon
species richness, margin width and vegetation density appeared to drive the separation of
transects to the right of the ordination indicating that sites with high axis one scores had
richer, denser vegetation and wider margins. This is in agreement with the higher axis one
scores observed for BuVer Water and BuVer Middle transects.

Year did not inXuence any of the vegetation characteristics measured; treatment however
signiWcantly inXuenced all but the abundance of Rumex spp. (Table 4). Unsurprisingly,
transects which were closed to grazing (i.e. Boundary Water, BuVer Middle and BuVer
Water) had both taller and denser vegetation than transects open to grazing (i.e. all Field
and Open Water transects). While BuVer Middle transects had taller, denser vegetation than
BuVer Water transects, the number of both monocotydonous and dicotyledonous species
was lower in BuVer Middle transects when compared to BuVer Water transects. All Water
transects (i.e. Open, Boundary and BuVer) had a higher number of grass and Dicotyledonous
species than the adjacent Field transects (i.e. Open, Boundary and BuVer) thus indicating the
greater vegetation species richness of transects immediately adjacent to water courses.

While the abundance of Rumex spp. was not inXuenced by treatment, the abundance of
Cirsium spp. was, with all Water transects having a higher abundance of Cirsium spp. than
their adjacent Field transects. While the abundance of Cirsium spp. was greater in BuVer
Water than Open Water transects, this was not the case for the BuVer Middle transects, thus
indicating that the increase in the abundance of this weed within the buVer strips was
restricted to the water course. Furthermore the abundance of Cirsium spp. in Open Field
transects did not signiWcantly diVer from either Boundary Field or BuVer Field transects
indicating that ungrazed riparian margins did not promote the abundance of Cirsium spp. in
the adjacent Weld.

When added to the model Wrst, treatment signiWcantly inXuenced all diversity measures
investigated with the exception of carabid species richness (Table 5). Four indices (i.e.
Margalef, Pielou, Shannon and Simpson’s) found Boundary Water transects were more
diverse than Boundary Field transects. Simpson’s index indicated that Open Water sites
were more diverse than Field sites (i.e. Open Field, Boundary Field and BuVer Field), while
Shannon’s index found Open Water transects to be more diverse than any of the BuVer
transects (i.e. Water, Middle and Field). InXuences of treatment on Shannon and Simpson’s
diversity indices (but not on Margalef and Pielou’s indices) were consistent following the

Table 4 Results of REML analyses to investigate the inXuence of Treatment and Year on vegetation
characteristics

As no year eVect was found this information is omitted from the table. Codes for the treatments are provided
in Table 1

Variable Wald Statistic 
(6 df); �2 probability

Location of diVerence

Grass species richness 67.65 All Water > All Field; 
BufW > BufM&OWP < 0.001

Dicotyledon species richness 76.88 OW&BufW > All Field&BufM; 
BW > BFP < 0.001

Rumex spp. 8.26 P = NS –
Cirsium spp. 71.53 BufW > OW > All Field; BW > BF; 

BufW > BufMP < 0.001
Vegetation height 102.07 BW, BufM & BufW > All Field&OW; 

BufW > BufMP < 0.001
Vegetation density 112.93 BW, BufM & BufW > All Field&OW; 

BufW > BufMP < 0.001
1 C
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removal of variation as a consequence of vegetation density and consequently appear to be
true treatment eVects and not simply the result of changes in pitfall sampling eYciency in
diVerent vegetation densities. While carabid assemblages were therefore more diverse
along watercourses open to grazing and within narrow boundary strips, the same trend was
not found for wide riparian buVers and there is evidence that wide riparian buVers could
actually be detrimental to carabid diversity.

Vegetation density inXuenced carabid activity abundance with fewer individuals being
trapped in denser vegetation (Table 5). This diVerence, however, was only apparent when
vegetation density was added to the model Wrst, when the variation attributed to treatment
was removed, the inXuence of vegetation density on activity abundance became insigniW-
cant. When looking at the eVects of treatment, activity abundance was greater in transects
open to grazing (i.e. Open Water and all Field transects) than transects closed to livestock
(i.e. Boundary Water, BuVer Water and BuVer Middle transects). As treatment eVects were
still apparent following the removal of variation due to vegetation density, the observed
diVerences were likely to be true treatment eVects and not simply the result of a decrease in
sampling eYciency in denser vegetation.

Discussion

InXuence of riparian management on carabid diversity and activity density

Within the agricultural landscape riparian zones provide a diverse array of habitats, land-
forms and communities and consequently are generally perceived to be rich in biodiversity

Table 5 Results of REML analyses investigating the inXuence of vegetation density, treatment and year on
carabid diversity and abundance

SigniWcance of variables when included in the model Wrst and last are provided. When signiWcant, gradient
(for vegetation height) and location of signiWcant diVerences (for Year and Treatment) are provided

Factor Diversity index Factor in model Wrst
Wald & Probability

Factor in model last
Wald & Probability

Location of diVerence

Treatment 
(6 df)

Species richness 7.49 P = NS 5.37 P = NS –
Margalef’s 13.65 P < 0.05 11.70 P = NS BW&OW > BufF&BF
Log Pielou’s 15.69 P < 0.05 11.17 P = NS OW&BW > BF
Shannon’s 18.38 P = 0.005 18.08 P < 0.01 OW > BufW,BufM,BufF

&BF; BW > BF
Simpson’s diversity 17.36 <0.01 15.16 <0.05 OW>OF,BF,BufF; BW > BF
Log activity density 56.07 P < 0.001 23.95 P < 0.001 OW,BF,OF&BufF > BW,

BufW&BufM
Vegetation 

density 
(1 df)

Species richness 2.67 NS 1.18 P = NS –
Margalef’s 2.04 P = NS 0.11 P = NS –
Log Pielou’s 10.90 P < 0.001 6.57 P = 0.01 Gradient = 0.0042
Shannon’s 0.03 P = NS 0.10 P = NS –
Simpson’s diversity 1.93 P = NS 0.00 P = NS –
Log activity density 30.96 P < 0.001 1.99 P = NS Gradient = ¡0.0107

Year (2 df) Species richness 13.22 P = 0.001 13.31 P = 0.001 2006 > 2004
Margalef’s 7.03 P < 0.05 6.19 P < 0.05 2006 > 2004
Log Pielou’s 0.34 P = NS 0.47 P = NS –
Shannon’s 6.47 P < 0.05 6.19 P < 0.05 2006 > 2004
Simpson’s diversity 3.62 P = NS 3.35 P = NS –
Log activity density 17.90 P < 0.001 17.65 P < 0.001 2005&2006 > 2004
1 C
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(Corbacho et al. 2003; Sala et al. 2000; Fischer and Fischenich 2000). Fencing oV riparian
zones to exclude livestock consequently targets an area of high biodiversity in agricultural
ecosystems in addition to protecting the watercourse from agro-chemical drift and
livestock contamination. In the current study the number of plant species (both monocoty-
ledonous and dicotyledonous) was greater in grazed and ungrazed riparian margins when
compared to the adjacent Welds highlighting their biodiversity value. Furthermore carabid
assemblages in riparian zones open to grazing and in narrow boundary strips (i.e. <2 m
wide) were more diverse than the adjacent Welds. Previous studies have found that wider
riparian buVer strips tend to support more species of plants (Schippers and Joenje 2002)
and birds (Deschênes et al. 2002). In the current study, however, there was no signiWcant
diVerence between the number of plant or carabid species recorded in narrow boundary
strips when compared to wide riparian buVer strips (i.e. >5 m wide). Furthermore, carabid
assemblages in open riparian zones were actually found to be more diverse than those in
wide riparian buVer strips thus indicating that wider buVer strips may actually be detri-
mental to carabid diversity. Telfer et al. (2000) found that the area of bare ground within
Weld margins had a greater impact on carabid species richness than margin width high-
lighting the importance of management practices and vegetation structure in determining
the value of Weld margins to carabids. The riparian buVer strips under investigation here
were fenced oV and left unmanaged and as a result the vegetation was extremely dense
and overgrown. Current environmental prescriptions that advocate the fencing oV and
hence result in the subsequent neglect of riparian buVer strips may therefore prevent them
fulWlling their true biodiversity potential. It is, however, important that any management
undertaken in riparian buVer strips should not unduly interfere with their role in the
control of diVuse pollution. For example, while limited grazing of buVer strips could ben-
eWt biodiversity by opening up the vegetation and preventing the encroachment of woody
species (Thomas et al. 2002; Olson and Wäckers 2007), by allowing livestock access to
the watercourse it interferes with their role in limiting diVuse pollution. Management
strategies that involve mechanically cutting or disking the vegetation, on the other hand,
are labour intensive and may often be unfeasible due to the diYculty in moving machinery
in the narrow strips.

Haysom et al. (2004) found that carabid densities in grassy Weld margins were lower
than the adjacent Welds and in agreement with these Wndings the activity density of cara-
bids was lower in riparian strips closed to grazing when compared to the adjacent Welds
and open riparian zones. As pitfall catches are inXuenced by vegetation density, with
fewer individuals being trapped in denser vegetation (Thomas et al. 1998), the lower
abundance of carabids in closed riparian strips could potentially be the result of the
ungrazed strips having denser vegetation. DiVerences in carabid density were, however,
apparent following the removal of variation due to vegetation density and consequently
diVerences between grazed and ungrazed riparian zones appeared to be true treatment
eVects and not simply the result of a decrease in pitfall sampling eYciency in denser
vegetation. It is important to note that in the current study sampling was conducted
during June and July and consequently seasonal Xuctuations in the utilisation of the
riparian strips by carabids may not be apparent. Grassy Weld margins provide an impor-
tant hibernating site for many species of carabids and high densities (i.e. up to 900
individuals m¡2) have been found in grass margins during winter (Kromp and Steinber-
ger 1992; Wallin 1989). The use of ungrazed riparian strips as overwintering habitats by
carabids may therefore be underestimated in this study as a consequence of the restricted
period of sampling.
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InXuence of riparian management on carabid assemblage structure

Previous studies have found that carabid assemblages in grassy Weld margins diVer from
that of the adjacent Welds (Haysom et al. 2004; Kromp and Steinberger 1992). In agreement
with these Wndings carabid assemblages of wide riparian buVer strips were distinct from
intensively managed grassland Welds. Furthermore, it was found wide buVer strips were
more distinct from the adjacent Weld than either narrow boundary strips or riparian zones
open to grazing. This is contrary to the Wndings of Telfer et al. (2000) who found that the
width of conservation headlands on arable land had no eVect on carabid assemblage struc-
ture. While the presence of wide riparian buVer strips may not promote carabid diversity
within the buVers themselves, by adding an additional habitat, with a diVerent carabid
assemblage, riparian buVers may promote carabid diversity at the landscape level. Leistus
rufescens and Stomis pumicatus, both hydrophilic shade loving species, were more frequent
in ungrazed riparian strips (i.e. both narrow boundary and wide buVer strips) than in ripar-
ian zones open to grazing. Both vegetation density and dicotyledonous species richness
inXuenced the carabid assemblage structure and it is likely that these species were favoured
by the denser vegetation in the ungrazed riparian strips resulting in a more humid micro-
habitat. Stomis pumicatus specialises in eating molluscs and consequently its higher abun-
dance could also be related to the higher abundance of molluscs that tend to be present in
denser, more humid ungrazed margins (Cole et al. 2007; Haysom et al. 2004). Bohan et al.
(2000) found a spatial association between the abundance of Pterostichus melanarius and
slugs and suggested that this species aggregated in areas of high slug density. Similarly the
greater occurrence of the phytophagous, Synchus nivalis, in the wide riparian strips and
ungrazed riparian zones when compared to the adjacent Welds, could be related to food
availability as such sites have a higher dicotyledon species richness. In agreement with this,
several studies have noted a positive correlation between the occurrence of the phytopha-
gous genera Amara and Harpalus and weed density in cereal monocultures (Kromp 1990).

Economic implications of riparian buVer strips

Establishing riparian buVers, whether to reduce diVuse pollution or to promote biodiversity,
has obvious economic implications. Land owners not only face the loss of income from
taking land out of production, but also the initial costs of putting up fences and the contin-
uing costs of maintaining them. Furthermore, it is commonly perceived that unmanaged
Weld margins can harbour pests and weeds that may invade the adjacent Weld and reduce
productivity (Thomas et al. 2002). In this study there was evidence that Cirsium spp. (but
not Rumex spp.) were more abundant in wide riparian buVer strips than in open riparian
zones. This increase, however, appeared to be restricted to riparian buVer strips and Welds
adjacent to buVer strips had no greater abundances of this key weed than Welds adjacent to
open riparian zones. Smith et al. (1999) similarly found no evidence that the abundance of
economically important weeds in the Weld was related to their abundance in the Weld
margins and Marshall (1989) suggested that very few Weld margin plant species colonise
the adjacent crop. Smith et al. (1999) suggested that encouraging non-invasive grasses and
wildXowers in the Weld margins can help to control potentially invasive weeds and it is
likely that increasing the Xoristic diversity of the riparian buVers will also beneWt a range of
birds and arthropods.
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Conclusion

With European research primarily focussing on non-riparian Weld margins (Kleijn and
Verbeek 2000; Marshall 1989; Thomas et al. 2001; Woodcock 2007) or non-agricultural
riparian margins (Bell et al. 1999), research on riparian margins within agricultural land in
Europe is lacking. With the adoption of riparian buVer strips for diVuse pollution control
becoming more prevalent there is consequently a need for comprehensive research on the
inXuence of buVer strip management, placement and structure on biodiversity. Only once
we have a better understanding of the factors inXuencing biodiversity within riparian buVer
strips can we start to formulate eVective management prescriptions that fuse their dual
function of pollution mitigation and biodiversity promotion.
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