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ABSTRACT

Ecologically, potential bioindicator taxa operate at different scales within agricultural
ecosystems, and thereby provide a means to investigate the influence of changing management
practice on biological diversity at different scales within the agro-ecosystem. Surveys of
grassland plant species at field level, parasitoid Hymenoptera at the field and farm scale, and
bird populations and habitats at farm scale were carried out on 119 grass-based farms across
three regions in the Republic of Ireland. In addition, habitat richness and aquatic
macroinvertebrates were quantified at landscape scale. Agricultural intensity on the surveyed
farms was quantified by mean farm stocking rate, calculated as livestock units per ha (LU/ha),
and generalized linear mixed models used to evaluate relationships between stocking rate and
the incidence of chosen bioindicator groups. Field scale bioindicators (plant species richness
and parasitoid taxon richness and abundance) were negatively associated with mean farm
stocking rate. Over much of its observed range, mean farm stocking rate was positively
associated with total bird species richness and abundance, and the species richness and
abundance of Farmland Bird Indicator species recorded in the winter season. However, these
relationships were quadratic, and above a relatively high upper limit of 2.5-3.5 LU/ ha, further
increase in farm stocking rate had a negative influence. Results demonstrate that different
bioindictors measured at different spatial scales vary in their response to agricultural intensity.
The lack of a consistent bioindicator response to farm stocking rate suggests that within
predominantly farmed regions, maximising biodiversity requires a careful targeting and
monitoring with bioindicator taxa that are informative of influences at relevant operational
scales. The insights provided may then be much more informative for the design and
implementation of agri-environment measures that maximise biodiversity within farmed

landscapes.
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1. Introduction

Agricultural intensification has been held responsible for a marked reduction in biodiversity
across north-west Europe in recent decades (Donald et al., 2001; Benton et al., 2003). The
process of intensification brings about multiple coincident changes, which in livestock farming
involve much more than a simple increase in stocking rates and greater use of nutrient inputs.
Other significant effects include an up-scaling of the size of farms and individual production
units (fields) with coincident loss of non-cropped habitats such as permanent field
boundaries/hedgerows, and an increased specialisation of the farming system. The result is a
greater homogenisation of the landscape within farming regions, with reduced habitat diversity
and spatial heterogeneity. This has been labelled as one of the principle reasons for declining
farmland biodiversity over recent decades (McLaughlin and Mineau, 1995; Duelli, 1997;
Robinson and Sutherland, 2002; Benton et al., 2003; Hoffmann and Greef, 2003). Conversely,
the opposite of agricultural intensification, i.e. abandonment of traditional land management
practice, poses a potentially equal threat to biodiversity within economically marginal farming
regions (Henle et al., 2008) and all manner of agricultural land within central and eastern
Europe. Such changes in farming have led to an increasingly important practical debate, as to
how agri-environment policy can best mitigate the detrimental effects of changing management

practice.

In seeking to better understand the ecological effects of changes in farming practice, the

identification and use of indicators of biodiversity status within agro- ecosystems has been the



focus of much debate and research over the last decade (McGeoch, 1998; Biichs, 2003, Purvis
et al. 2009a). There can be no single bioindicator for all aspects of biodiversity in all contexts
(McGeoch, 1998). In order for indicators to be used to their fullest advantage, it is necessary to
understand the ecological relationships between the chosen indicator group(s) and wider
community structure, as well as the particular ecological influences they reflect (Paoletti,
1999). Plants, parasitoid Hymenoptera (hereafter referred to as parasitoids) and birds have all
been utilised in recent studies as potential biodindicators within agricultural landscapes
(Scholefield et al., 2010; McMahon et al., 2010a; Anderson et al., 2011), and aquatic
macroinvertebrates have an established role as bioindicators, for example of water quality
(Armitage et al., 1983; Metcalfe, 1989). The influence of scale, relating to the mobility,
ecology and processes that influence the chosen group, is increasingly recognised as potentially

relevant to indicator utility, and the insights and information they provide (Duelli, 1997).

In practice, agri-environment schemes (AES) are largely targeted at influencing the
management of individual farmers (Purvis et al., 2009b), and so policy has tended to focus on
measures targeted at the farm scale. Despite their questionable effectiveness (Kleijn and
Sutherland, 2003), a very significant investment has been made in these schemes, most of
which make an implicit assumption that all aspects of agricultural intensification at the farm
level are always detrimental to farmland biodiversity. However, it is clear that the effects of
changing farming practice operate at a range of scales, from field to farm and landscape levels
(Gabriel et al., 2010). A greater understanding of how different indicator groups might be used
to document and interpret the relative importance of such effects would potentially benefit the
design of more effective policy measures. There is little consensus as to the relative importance

of the different elements of changing farming practice on farmland biodiversity, or knowledge



of how bioindicator groups that are indicative of effects at different scales can be used to

evaluate such effects within the agro-ecosystem.

Agriculturally managed grasslands represent one of the most important forms of land use,
accounting for almost 68% of total farmland at a global scale (Anon., 2009a). Within the
Republic of Ireland (ROI), approximately 6,900,000 ha of land are devoted to farming, which
represents 62% of the total land area. Approximately 80% of this agricultural land is devoted
to grass-based livestock farming, including intensively grazed pasture and grass forage
production (DAFF, 2009). The intensification of grassland management in Irish farming,
especially through changes in reseeding and the frequency of new sward establishment, grazing
and forage conservation systems and nutrient inputs, has mirrored the intensification of
agriculture generally across much of Europe, which has resulted in an associated loss of
biodiversity, including botanical biodiversity (Kleijn et al., 2009). However, despite lowland
grassland farming being the most widespread form of land use in the ROI, it has until relatively
recently remained one of least studied ecosystems. A number of bioindicator groups have been
proposed for agricultural ecosystems such as bees and butterflies (Santorumn and Breen 2005;
Rundlof et al 2008). In this study, systematic use is made of data collected to examine the
relationships between agricultural intensity quantified by farm stocking rate, and bioindicator
groups chosen to reflect processes and influences at different scales ranging from individual
fields to the farm and landscape level. However, the selection of the bioindicators groups in
this study was principally informed by previous research on lowland agricultural grasslands
within the ROI (Purvis et al, 2009a), but also to reflect the different scales at which farming

may influence biodiversity. To our knowledge this is the first attempt to integrate information



regarding such a wide range of bioindicators that operate at a range of scales within an

agricultural landscape.

2. Methods

2.1. Site Selection

Grass-based farms were selected in three separate geographical regions, in counties
Sligo/Leitrim (north-west), Offaly/Laois (central) and Cork (south) of the ROI. The selected
regions represent a farming intensity gradient, reflected by a preponderance of extensive non-
dairy farming in Sligo/Leitrim and intensive dairy farming in Cork, with a mixed farming

economy of non-dairy and dairying in Offaly/Laois (Lafferty et al., 1999).

In March 2007 and 2008, five 10 x 10 km squares (henceforth referred to as 10km squares)
were randomly selected from the Ordinance Survey Ireland (OSI) map within each study
region, and from within each of these main sampling squares, an individual farm was surveyed
at the centre of each of the four central 1km squares. Only 10 km squares under 250 m in
elevation, and with at least 70% agricultural land cover were included in the selection process.
In total, sixty farms were surveyed in 2007-08 (3 regions x 5 main squares x 4 farms), and 59
farms in 2008-09 (after failure to find a fourth co-operative farmer in a square selected within

the Cork region).

2.2. Plant data



A permanent internal field boundary was chosen on each of the farms which was adjacent to a
permanent grass sward that had not been reseeded for at least 5-years, and that faced south-
west or as close to a south-west orientation as was feasible, was selected. For the purpose of
this study, a field boundary was defined as a permanent hedgerow following McMahon et al.,
(2010b). Botanical diversity was assessed within two 1x1 m® quadrats along four transects
within each field. Transects were located perpendicular to the field boundary, at distances of at
least 10 m from field boundary intersection points, with a minimum of 10m between each.
Quadrats were positioned at distances of 0.5-1.5 m (‘Field margin’) and approximately 20 m
from the field boundary (‘Field”) along each transect. All specimens rooted within the quadrat
area were identified to species level (Stace, 1997), except in situations when frequent
hybridisation is known to occur, in which case they were identified to genus level e.g. Agrostis
sp. Species abundance was recorded according to the Braun-Blanquet Scale (Kent and Coker,

1992).

2.3. Parasitoid data

Parasitoids collected from associated field swards were sampled using a Vortis Insect Suction
Sampler (Burkard Manufacturing Co Ltd, Rickmansworth, Hertfordshire, UK) (Arnold, 1994).
Ten samples, each consisting of an aggregate of 6 randomly selected sampling spots,
individually sampled for ten seconds, were collected from the centre of the randomly-chosen
grassland field on each farm (i.e. no closer than 20 m from the field edge). The total area

sampled per field was therefore 1.2 m’.

Yellow pan traps with a window interceptor (Calabuig, 2000) with water and detergent to

reduce surface tension were used to collect mobile flying parasitoid populations (Gibb and
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Oseto, 2005). Three traps, sited on posts approximately 1m above ground level, were located
within 0.5-1.5 m of the monitored (south-west facing) field boundary on each farm, at intervals
of at least 10 m. Resulting pan trap catches were collected after 48 hours and transferred to
storage in 70% ethanol. Parasitoids were identified to at least genus, and where possible

species level using the literature cited by Anderson et al., (2008).

24. Bird data

Each farm was surveyed once in the breeding season (April-June) and once in the winter
season (December-February). The same surveyor (BJMcM) carried out all surveys according to
a standardised protocol. During each survey, field boundaries across the farm were walked at a
distance of approximately 1.5 m from the field edge. The speed of walking depended on the
numbers of birds present; however, because of the open nature of farmland habitats the
recommended average speed of 2 km per hour was maintained where possible (Bibby et al.
2000). The route of each survey was consistent within each site in the breeding and winter
season. Bird species presence and abundance was recorded using both visual (10 x 42
binoculars) and aural methods. In addition, because some species are known to avoid or prefer
field boundaries, pre-determined transects included walking across larger fields (Chamberlain
et al., 1999; Bibby et al., 2000). During the breeding season, surveys were carried out between
07.00 and 12.00 and between 10.00 and 15.00 in the winter season in order to standardise the
time of day each survey was carried out within each season. The mean duration (+ SD) of
surveys in the winter season was 61 + 13 minutes and 67 + 18 minutes in the breeding season.
As extreme weather affects bird activity and observer accuracy (Bibby et al., 2000), no surveys
were carried during periods of persistent heavy rain, or wind speeds greater than Beaufort scale

4. The number, abundance and location of bird species were recorded directly onto site maps,
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including raptors seen hunting over fields and field boundaries. Other species seen flying
overhead, but not interacting with fields or field boundaries, were not recorded (Perkins et al.,

2000).

2.5. Habitat data

Habitat data were collected at the scale of monitored farms, and at the scale of the 16 central 1
x 1 km squares within each main (10 x 10 km) sampling square (effectively the central 4 x 4
block of 1 km squares within each main 10km survey square, including the central four in
which surveyed farms were located). Farm habitat surveys were undertaken by walking the
principal holding managed by each farmer and recording the type and extent of all habitats on
farm maps. Classification of habitats generally followed the designations of Fossitt (2000). As
this standard reference to Irish terrestrial habitats makes little distinction between agriculturally
managed grasslands, additional habitat categories based on sward botanical composition were
also recorded as detailed by Sheridan et al., (2011). All recorded farm habitats, including the
number and length of permanent farm boundaries were digitised onto Ordnance Survey Ireland
(OSI) orthophotographs (2004) using ArcGIS software. The total area occupied by field
boundaries was quantified. In addition, the total area of semi-natural habitats was quantified as

farm area excluding agriculturally productive areas and farm buildings.

Farm scale habitat survey information was then used as ground-truth data to classify habitats
within the approximately 4 x 4 km surrounding the farms. Unsupervised classification of

landscape scale habitats was undertaken using Spot satellite imagery and MultiSpec and



ArcGIS software. The extent of all habitats recorded both at farm and landscape scales was

then standardised as estimates per ha at farm scale and per km” at landscape scale, respectively.

2.6. Aquatic macroinvertebrate data

Standard multi-habitat, ‘kick sampling’ of aquatic macroinvertebrate was undertaken in 67
watercourses across the 30 surveyed 10 km squares. Each watercourse was sampled in spring
2007 (a total of 36 watercourses) and spring 2009 (31) and in autumn 2007 (33) and autumn
2008 (31). Time was spent proportionately during the sampling process in the riffles, pools and
margins as per the percentage occurrence of each habitat at the site (covering approx. 50m)
(Wright 1995). Habitats contributing less than 5% of the stable habitat in the reach were not
sampled (Barbour et al., 1997). Sampling was initiated downstream of the reach and proceeded
upstream. Samples were preserved in 70% IMS, and sorted and identified in the laboratory.
The identifications were made to the lowest taxonomic unit possible species/genus for the
Plecoptera, Ephemeroptera, Trichoptera, Coleoptera, Mollusca and Hirudinea and to
family/sub-family level for most of the other groups. From these data, three internationally
recognised biological watercourse quality indicators were compiled for each sample taken.
These comprised the Biological Monitoring Working Party (BMWP) Index, the Average Score
Per Taxon (ASPT) Index and the Ephemeroptera-Plecoptera-Trichoptera (EPT) Index

(Armitage et al., 1983; Lenat, 1988).

2.7. Data analysis

Animal stocking rate, calculated as standardised livestock units per ha (LU/ha), was calculated

as a measure of overall agricultural intensity on the surveyed farms, following the methodology
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of the Irish National Farm Survey (Anon., 2009b). Although the majority of livestock were

cattle (beef, dairy and suckler) some farms also stocked sheep.

In recognition of likely potential correlations between observations made within each 10 km
square, the relationship between stocking rate and the chosen indicators of farmland
biodiversity (likely to be informative regarding management influences operating at different
scales - Table 1), was assessed using Generalized Linear Mixed Models (GLMM). Poisson
distribution was specified when residual deviance approximated to the number of degrees of
freedom. If overdispersion was detected in a response variable, an observation/farm level
random effect was also included in the model (full model deviance/residual df > 2). When
significant, region and year were included as blocking factors in all models, and centred ordinal
date on which the farms were sampled was included as a primary covariate. The effect of
stocking rate (linear or quadratic) was assessed by likelihood ratio tests. As the primary
objective was to establish the existence (or not) of significant relationships between indicator
statistics and our chosen measure of farming intensity, we refrain in the current paper from any
further analysis to elucidate potential underlying mechanisms. One exception to this, however,
was the further exploration of relationships between habitat statistics and bird population
statistics (response variables), again using GLMMs as described above. For all models used to
analyse bird data, centred and log-transformed survey duration (minutes) was included as an
offset variable, and farm area was also included as a covariate. Landscape habitats and aquatic
macroinvertebrate data analyses was carried at the level of the 10km square and stocking rate

was averaged across the four surveyed farms within each 10km square.
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In addition, the relationship between the bird response variables for the breeding and winter
season was tested with farm habitat richness, farm field boundary density and landscape habitat

richness. All analyses were performed in R 2.12 (R Development Core Team, 2010).

Insert Table 1.

3. Results

No consistent response to stocking rate was found in modelled indicators. Responses varied
from significantly positive (quadratic) to negative (linear), whilst a number of potential

indicators had no significant relationship with our chosen measure of farming intensity.

3.1. Plant data

A total of 174 plant species was recorded in the centre and margins of surveyed fields (Table
S1). There was a significant negative relationship between stocking rate and sward species
richness at field centres, but no such relationship was found between stocking rate and plant

species richness at field margins (Table 2, Fig. 1a, b).

3.2. Parasitoid data

A total of 9,343 parasitoids, representing 228 indentified taxa were recorded in Vortis suction
samples from field centres. Parasitoid taxon richness was negatively influenced by increased

stocking rate (Table 2, Fig. 1c). There was a weak negative relationship between parasitoid
12



abundance and increased stocking rate (Table 2, Fig. 1d). A total of 5,984 parasitoid wasps,
representing 487 taxa of parasitoids were recorded in pans traps catches. No significant
relationship was found between stocking rate and either the abundance or taxon richness of

these catches (Table 2).

3.3. Bird data

A total of 4,055 individual birds, representing 50 species were recorded during the breeding
season, and a total of 11,892 individuals, representing 55 species were recorded in the winter
season. A full listing of species recorded in each season is presented in the Table S2. There was
a positive relationship between stocking rate and total bird species richness and abundance
recorded in the winter season, and also on the species richness and abundance of Farmland
Bird Indicator species (Gregory et al., 2004) recorded at this time of year (Table 2, Fig. le, f).
These relationships were quadratic, with winter bird statistics increasing positively up to an
optimal upper stocking rate, thereafter declining. This optimal upper point ranged between
approximately 2.5-3.5 LU/ha (Table 2.). The quadratic relationship between winter bird
abundance and stocking rate was weak (Table 2.) No significant relationships were observed

between stocking rate and birds recorded in the breeding season.

There was a significant negative relationship between farm habitat richness and winter bird
abundance (y’= 4.00, P= 0.046) during the winter season. In addition, there was negative
relationship between landscape habitats and species richness of Farmland Bird Indicators (3=

5.70, P=0.017) during the winter season.
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3.4. Habitat data

There was a significant relationship between stocking rate and total area of semi-natural habitat
(Table, Fig.1h). No significant relationship was found between stocking rate and the number of
habitats recorded in farm surveys, or the calculated density of field boundaries per farm (Table
2, Fig. 1h). No significant relationship was found between mean farm stocking rate per 10 km
square and the number of habitats recorded in the quantification of habitat richness at the

landscape (16 x 1 km square) level (Table 2, Fig. 1i).

3.5. Aquatic macroinvertebrates data

A total of 586,421 invertebrate individuals were identified to species/genus/family/sub-family
(total = approximately 300 species; this figure is approximate because some taxa could not be
positively identified). There was no significant relationship between mean farm stocking rate

per 10 km square and BMWP Index, the ASPT Index and the EPT Index (Table 2).

Insert Fig. 1.

4. Discussion

The results of this study demonstrate that different bioindictors measured at different spatial
scales vary in their response to agricultural intensity. Increased nutrient input levels can

influence both sward plant and arthropod communities in grasslands, with a generally negative

14



effect on species richness (Haddad et al., 2000; Klimek et al., 2007; Prestige, 1982;
Zechmeister et al., 2003). In a recent study of 117 European grasslands, Klimek et al., (2007)
concluded that a reduction in both nitrogenous fertiliser input and stocking rates might be
important in conserving biodiversity within agricultural grasslands. Increased grassland
management intensity has generally also been found to decrease associated arthropod
biodiversity, and practices such as increased fertiliser use, grazing, cutting, ploughing and
reseeding are likely to reduce biological diversity (Plantureux et al., 2005). In particular, the
heavy grazing associated with higher stocking rates, produces short swards that reduce foraging
opportunities and structural habitat diversity within swards for many invertebrates (Morris,
2000), whilst low stocking rates can favour groups like spiders, whose incidence is strongly
dependant on vegetation structure (Plantureux et al., 2005). In addition, the findings of our
study may not be entirely applicable beyond grassland ecosystems e.g. in arable productions
systems, in the nature of how specific taxa respond to intensity. However, the variation in how
different bioindictors measured at different spatial scales respond to agricultural intensity may

very well be.

It is therefore not surprising that our data revealed a significantly negative influence of
stocking rate on sward species richness in the centre of surveyed fields and the abundance and
diversity of parasitoid wasps within the sward; the latter group being good indicators of taxon
richness of arthropod populations within agricultural grasslands (Anderson et al., 2011). It is
noteworthy, however, that neither botanical diversity at the margins of fields, or the abundance
and diversity of more mobile flying parasitoid populations caught in window pan traps close to

the boundary of surveyed fields showed such an effect.
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In marked contrast, all observed winter statistics for bird populations, including the abundance
and species richness of Farmland Indicator species, showed a quadratic relationship, and
positive influence of increased stocking rate up to relatively high levels of between 2.5-3.0
LU/ha. It is important to note that very few surveyed farms had stocking rates in excess of this
level, which is probably close to the maximum achievable under Irish conditions within the
constraints imposed by legislation such the Nitrates Directive (DAFF, 2004). No such stocking
rate influence was found for bird populations in the breeding season, and perhaps tellingly, no
significant relationships were found between stocking rate and any observed measure of habitat

richness at landscape level.

The negative relationship between farm habitat richness and winter bird abundance and
landscape habitat richness and species richness of Farmland Bird Indicators in the winter was
not expected. However, these relationships could possibly be explained by the fact that food
resources are more important during the winter season and a more heterogeneous landscape
may actually reduce the availability of such resources. Birds may acquire greater food
resources provided by large areas of improved grasslands, particularly invertebrate feeding
species. Findings from the bird habitat models indicate that a more extensive investigation of
our dataset is required to full understand the relationship between agricultural habitats, farming

intensity and farmland birds.

The existence of a positive stocking rate influence, and by inference a positive influence of
overall management intensity within managed grassland fields on winter bird populations, is
counter-intuitive and contradicts any assumption that grassland management intensity has a

negative impact on all aspects of farmland biodiversity. Perhaps our results can best be
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explained in light of previous work suggesting that food availability (trophic energy) is a key
factor in determining bird species diversity (Haberl et al., 2005), and that production intensity
can have a positive influence on some specialist farmland bird species (Donald et al., 2006).
Indeed, previous studies have shown that some winter bird populations occur in greater
numbers on intensively managed fields (Atkinson et al., 2005), in which soil invertebrates,
especially earthworms can be significantly more abundant (if not more diverse) under

conditions of greater nutrient input levels (Curry et al., 2008).

At the landscape scale, water quality has been linked to catchment characteristics and intensity
of agricultural activities (e.g., Genito et al., 2002; Donohue et al., 2006; Rothwell et al., 2010).
The number of sensitive taxa, as represented by indices such as EPT percentage composition, is
known to reflect anthropogenic inputs (Resh and Jackson, 1993). In a previous study by Baars
and Kelly-Quinn (2005) differences between intensively agricultural and reference sites were
highlighted using the metrics applied in the present study. The lack of effect detected in this
larger study is not totally unexpected as it is likely that the stocking rate derived from the
average across the four surveyed farms within each 10km squares was not truly representative

of the watershed of the study sites.

A careful selection of appropriate indicators is needed to understand the underlying
relationships between changing farming practice and biodiversity within any particular farming
context. Within individual grassland fields, sward and closely associated arthropod diversity
are negatively impacted by increasing stocking rate, and by inference, increasing intensity of
grassland management. However, these effects do not necessarily extend to field margins, or to

more mobile taxa dependent on other resources within the farmed landscape. In particular, our
17



data suggest that provided other necessary resources such as the extent of suitable non-cropped
habitats are retained, including hedgerows and other permanent field boundaries, more mobile

populations within the farmed landscape may actually benefit from within-field intensity.

This relationship revealed by our data implies that enhancement of sward botanical species
richness and supporting the diversity of associated invertebrate populations, is not necessarily a
prerequisite to optimising the environment for farmland birds (Atkinson et al., 2005). As a part
of the wider heterogeneity of the farmed landscape, intensive grassland management may play
a positive role and represent an opportunity rather than a threat for taxa that utilise the agri-

environment at the wider farm and landscape scale (Haberl et al., 2005).

These findings emphasise the importance of the scale, as well as the intensity of production
practices (Fuller et al., 2005; Gabriel et al., 2010). In Ireland, increased intensity of grassland
management has not yet resulted in a parallel process of up-scaling production units at the farm
and landscape level. The density of non-cropped habitats is far greater in Ireland, relative to
other farming areas in Europe (Sheridan et al., 2011). In this regard, pastoral farming in Ireland
may be quite atypical, in that increased production intensity elsewhere is almost invariably
accompanied by a substantial loss of non-cropped habitats (Benton et al., 2003), and most

especially traditional field boundaries, within the farmed landscape.

There is widespread acceptance that the enhancement of ecological heterogeneity at multiple
spatial and temporal scales is key to reversing the decline in biodiversity within agricultural

ecosystems (Benton et al., 2003; McMahon et al., 2008). Heterogeneity of farmland habitats
18



and farming systems (including production intensity), may all be important factors in
determining overall biodiversity. If so, effective agri-environment policy requires the
implementation of appropriate measures at multiple spatial scales, in order to maximise the
delivery of a broad spectrum of ecosystem services. In Ireland, as in the majority of EU States,
a single nationwide implementation of agri-environmental policy under the Rural Development
Regulation (EC) 1698/2005 (as amended by Council Regulation (EC) 74/2009), targets a broad
range of agri-environment objectives, including the protection of biodiversity (Purvis et al.,
2009b). It does so, by placing a particular emphasis on limiting within-field production
intensity. Our findings suggest that the continued maintenance of the unusually high relative
incidence of non-cropped habitats, including traditional field boundaries within the Irish
farmed landscape, may along with the continued economic viability of relatively small
individual farms, be the greatest priority for Irish AE-policy measures. This may be particularly
so, in the light of a recent Irish Foresight Study (DAFF, 2010), that envisions an opportunity to
realise a 50% increase in output from the Irish dairy sector. Such an increase is unlikely to be
achievable through further increase in within-field production intensity (especially under the
constraints imposed by the Nitrates Directive — DAFF, 2004), but is much more likely to be

targeted through an up-scaling of production units and land use.

5. Conclusions

The measurement of biological taxa at a single scale in response to land-use activities
oversimplifies ecosystems and can lead to biased results in relation to the effect on overall
biodiversity. Appropriate measurement of multiple taxa at multiple scales provides critical
information needed to understand the structure, function and dynamics of the complex

ecosystems which reflect the real world (Jelinski et al., 1996). Both research and policy should
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reflect this. Information obtained from a multi-scale assessment of land use and habitat mosaics
are required to inform appropriate plans to create connectivity and a matrix which can facilitate
the maintenance or enhancement of regional (Zaccarelli et al., 2008). Agricultural landscapes
are in a constant state of flux in response to changing societal needs. Strategies to maximise
biodiversity within agricultural ecosystems need to be implemented, not at a national scale, but
at a much more focused local scale that recognises regional variation and circumstance
(Whittingham et al., 2007). Focus on the wider maintenance of biodiversity needs to shift to
multiple scales, possibly even beyond the targeting of management practice at total farm level
(Rundolf et al., 2008; Gabriel et al., 2010). The application of this principle is probably
relevant to all conservation, not just that within agricultural ecosystems (Gabriel et al., 2010).
Our data clearly indicate a need to utilise the information that can be provided by indicators
reflective of effects at different scales, ranging from within-field, to farm and landscape levels.
Only by understanding the complex ecological influences of changing farm practice at different

scales, can the implementation of agri-environment policy be made maximally effective.
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Table 1. Likely bioindicators of farm management effects at different scales that were evaluated as response
variables reflecting the influence of farming intensity measured as farm stocking rate (LU/ha), using

Generalized Linear Mixed Models.

Indicator

Potential Scale of Influence

Field plant species richness

Field margin plant species richness

Field parasitoid taxon richness

Field parasitoid abundance

Pan trap parasitoid taxon richness

Pan trap parasitoid abundance

Bird species richness in the winter and breeding season
Bird species abundance in the winter and breeding season
Habitats richness (farms)

Field Boundaries (% per total farm area)

Semi-natural habitats (ha)

Habitats richness (4 x 1km squares)

Aquatic macro invertebrates indices (10km square)

Field
Field
Field
Field
Field/Farm
Field/Farm
Farm/landscape
Farm/landscape
Farm
Farm
Farm
Landscape

Landscape
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Table 2. Summary of likelihood ratio tests ()’) for the effect of stocking rate (linear) and stocking rate”
(quadratic) on selected indicators. In the case of significant quadratic model effects, optimal stocking rate are

also provided.

Response Variable Stocll;i?ech e StOdlei;;'fclt{atez Oﬂﬁi:?i%?ﬁl;;ng
¥ P value x P value

Field plant species richness 5.55 0.019 ns ns -
Field margin plant species richness ns ns ns ns -
Field parasitoid taxon richness 5.15 0.023 ns ns -
Field parasitoid abundance 3.36 0.067 ns ns -
Pan parasitoid taxon richness ns ns ns ns -
Pan parasitoid abundance ns ns ns ns -
Winter bird species richness 4.56 0.033 4.54 0.033 2.510
Winter bird abundance 1585 <0.001 278 0.095 3.534
Winter Farmland Bird Indicator Species richness 8.55 0.003 4.78 0.029 2.998
Winter Farmland Bird Indicator Species abundance 1623  <0.001  5.58 0.018 2.785
Breeding birds species richness ns ns ns ns -
Breeding bird abundance ns ns ns ns -
Breeding Farmland Bird Indicators species richness ns ns ns ns -
Breeding Farmland Bird Indicators abundance ns ns ns ns -
Farm habitat richness ns ns ns ns -
Semi-natural habitats ((% per total farm area) 4.29 0.038 ns ns -
Farm field boundary density (% per total farm area) ns ns ns ns -
Habitats richness(4 x 1km squares) ns ns ns ns -
BMWP Index ns ns ns ns -
ASPT Index ns ns ns ns -
EPT Index ns ns ns ns -
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Fig. 1. Relationships between farm stocking rate and a selection of farmland biodiversity indicators. Fitted lines
represent model predictions for the significant terms presented in Table 2: a) Field plant species richness, b)
Field margin plant species richness, c) Field parasitoid taxon richness, d) Field parasitoid abundance, e) Winter
bird species richness, f) Winter bird abundance, g) Density of farm field boundaries, h) Semi-natural habitats 1)
Landscape habitats richness. Note, stocking rate is expressed at the farm level in all models, except (i) for which
stocking rate was averaged across the four surveyed farms within each 10km square. All response variables are
counts apart from (h) and (i) which is measured as a percentage of total farm area.
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