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Environmental Protection Agency

The Environmental Protection Agency (EPA) is
a statutory body responsible for protecting
the environment in Ireland. We regulate and
police activities that might otherwise cause
pollution. We ensure there is solid
information on environmental trends so that
necessary actions are taken. Our priorities are
protecting the Irish environment and
ensuring that development is sustainable.

The EPA is an independent public body
established in July 1993 under the
Environmental Protection Agency Act, 1992.
Its sponsor in Government is the Department
of the Environment, Heritage and Local
Government.

OUR RESPONSIBILITIES
LICENSING

We license the following to ensure that their emissions
do not endanger human health or harm the environment:

B waste facilities (e.g., landfills,
incinerators, waste transfer stations);

W large scale industrial activities
(e.g., pharmaceutical manufacturing,
cement manufacturing, power plants);

B intensive agriculture;

B the contained use and controlled release
of Genetically Modified Organisms (GMOs);

W large petrol storage facilities.

NATIONAL ENVIRONMENTAL ENFORCEMENT

B Conducting over 2,000 audits and inspections of
EPA licensed facilities every year.

B Qverseeing local authorities” environmental
protection responsibilities in the areas of - air,
noise, waste, waste-water and water quality.

B Working with local authorities and the Gardai to
stamp out illegal waste activity by co-ordinating a
national enforcement network, targeting offenders,
conducting investigations and overseeing
remediation.

W Prosecuting those who flout environmental law and

damage the environment as a result of their actions.

MONITORING, ANALYSING AND REPORTING ON THE
ENVIRONMENT

B Monitoring air quality and the quality of rivers,
lakes, tidal waters and ground waters; measuring
water levels and river flows.

B Independent reporting to inform decision making by
national and local government.

REGULATING IRELAND’S GREENHOUSE GAS EMISSIONS

B Quantifying Ireland’s emissions of greenhouse gases
in the context of our Kyoto commitments.

B Implementing the Emissions Trading Directive,
involving over 100 companies who are major
generators of carbon dioxide in Ireland.

ENVIRONMENTAL RESEARCH AND DEVELOPMENT

B (o-ordinating research on environmental issues
(including air and water quality, climate change,
biodiversity, environmental technologies).

STRATEGIC ENVIRONMENTAL ASSESSMENT

W Assessing the impact of plans and programmes on
the Irish environment (such as waste management
and development plans).

ENVIRONMENTAL PLANNING, EDUCATION AND
GUIDANCE

B Providing guidance to the public and to industry on
various environmental topics (including licence
applications, waste prevention and environmental
regulations).

B Generating greater environmental awareness
(through environmental television programmes and
primary and secondary schools’ resource packs).

PROACTIVE WASTE MANAGEMENT

B Promoting waste prevention and minimisation
projects through the co-ordination of the National
Waste Prevention Programme, including input into
the implementation of Producer Responsibility
Initiatives.

B Enforcing Regulations such as Waste Electrical and
Electronic Equipment (WEEE) and Restriction of
Hazardous Substances (RoHS) and substances that
deplete the ozone layer.

B Developing a National Hazardous Waste Management
Plan to prevent and manage hazardous waste.

MANAGEMENT AND STRUCTURE OF THE EPA

The organisation is managed by a full time Board,
consisting of a Director General and four Directors.

The work of the EPA is carried out across four offices:
W Office of Climate, Licensing and Resource Use

B Office of Environmental Enforcement

B Office of Environmental Assessment

B Office of Communications and Corporate Services

The EPA is assisted by an Advisory Committee of twelve
members who meet several times a year to discuss
issues of concern and offer advice to the Board.
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Executive Summary

Agriculture accounts for about 62% of Ireland’s land
area. Due to the intensification of agricultural methods,
there has been a drastic change in the farmed
landscape since the second half of the last century,
and a widely perceived decline in lIrish biodiversity
similar to that experienced across much of Western
Europe. This integrated study, informally known as the
‘Ag-Biota’ Project, was funded as a 5-year ‘capability
development’ project starting in 2001, to develop
capacity and expertise in biodiversity research within
the context of agriculture. The Project had four
specified objectives:

1. To develop research capacity and methodologies
for  biodiversity = monitoring  within  agro-
ecosystems

2. To identify and investigate key aspects of
agricultural practice that influence biodiversity

3. To develop a better understanding of the benefits
and utilisation of natural populations within
agricultural production systems

4. To address fundamental ecological questions
regarding the functional value of biological
diversity.

Seven key achievements of the Project are:

1. The identification and use of four potentially
important bio-indicator groups reflecting the
impacts of agriculture on biodiversity at different
scales (Chapter 2):

(i) At the field level, parasitoid wasps, which have
importance in natural pest regulation and are
shown to reflect wider biodiversity and
ecological change in agricultural grasslands
(Sections 2.2, 2.5, 3.2, 3.3, 3.4, 3.5)

(i) Bumblebees, which have importance as
pollinators, and are shown to have undergone
significant decline over recent decades
(Sections 2.3.1, 2.3.2, 2.5)

(iii)y Birds, whose incidence in farmland is shown to

Vii

reflect the management of field boundaries,
farm habitat diversity and the intensity of
grassland  husbandry, which may not
necessarily always be detrimental to
biodiversity (Sections 2.3.3, 2.5)

(iv) Aquatic invertebrates in the rivers and streams
draining Irish farmland, which reflect the wider
impact of agricultural practice on water quality
(Sections 2.4, 2.5).

Demonstration of the particular significance of
parasitic and pollinator taxa as ‘front-line’
indicators of biodiversity loss at lower trophic
levels within agro-ecosystems (Section 2.5.1).

Demonstration that surrogate indicators based on
aspects of farm management and condition can
be reflective ‘drivers’ of likely change in the status
of biological populations within farmland. This
insight has subsequently informed wider EU-
funded research focused on the development of
agri-environmental policy evaluation (Sections
2.3.4,6.2,6.3).

Development and application of research tools,
including simulation models, real-time
polymerase chain reaction (PCR), stable isotope
methods and novel statistical designs for studying
the ecology of specific populations, trophic
relationships and the value of mixed-species
communities within the agro-ecosytem (Sections
4.2.2,4.3, 4.4, Chapter 5).

Demonstration of clearly reduced plant and
arthropod diversity in agricultural grasslands
under intensive management practice (Chapter 3,
Section 4.2.1), and of the potential agronomic
value and indispensable functional benefits of
biodiversity in pasture swards (Sections 4.2.2,
5.4).

The data also suggest, however, that the
increased grassland management intensity
associated with dairy farming is not necessarily
always ‘bad’ for all aspects of biodiversity (Section



2.2.3) and actually may have unexpected positive
benefits (Section 2.3.3). This points to the
necessity for a more flexible approach to the
design of agri-environmental measures (Section
6.3).

Demonstration of the wider ecological impacts of
intensive grassland management practice,
including the decreasing efficiency of soil nitrogen
utilisation, and of the decreased efficacy of
atmospheric nitrogen fixation by white clover in
pastures as inorganic fertiliser use is increased,
and demonstration of the functional dependency
of the pasture ecosystem on earthworm diversity
in maintaining critical soil processes (Section
5.3.1) and in ameliorating the impact of high
stocking rates on soil structure (Section 4.5).

However, the grassland agronomy field
experiments that were available for these studies
were not originally designed to investigate
biodiversity issues per se. Thus, whilst the studies
provide an important evidence base supporting
many aspects of current Rural Environment

viii

Protection Scheme (REPS) measures regarding
grassland management, they also highlight areas
for further improvement (Section 3.5.1).

Conclusion

Finally, Ag-Biota’s work highlights an obvious, but
so far unrealised, need for a nationally co-
ordinated programme of integrated research in
grassland agronomy that is central to the interests
of the agricultural industry. Such a programme
would successfully utilise and integrate the
ecological benefits of biodiversity within our main
agricultural sector with the economic and social
benefits that would also accrue (Section 6.4).

This would enable the agriculture industry to
address both its wider commitment to halt the
general loss of biodiversity within the Irish
countryside and simultaneously resolve many of
the major agri-environmental, and potentially
animal health, issues associated with increasingly
intensive production methods.



1 General Introduction

1.1 Background

Agriculture accounts for about 62% of total land use in
Ireland. Due to intensification of the industry, there has
been a drastic change in the farmed landscape since
the second half of the last century, and a widely
perceived decline in Irish biodiversity similar to that
experienced across much of Western Europe.
Intensification of agriculture through increased
machinery use, loss of hedgerows and increase in
chemical usage has been associated with a general
reduction in landscape diversity. It has been suggested
that between 1970 and 2000 the diversity of species in
European farmland declined by 23%. Aside from its
intrinsic and cultural values, biodiversity has a
functional value in the provision of services, e.g. food
and fuel. This functional role includes the support of
nutrient cycling and regulation of climate and
hydrological services, many of which are poorly
understood but central to sustainable agro-
ecosystems. The reversal of biodiversity loss and
restoration of greater diversity within the farmed
landscape is a politically sensitive issue because of
fears that such an aim could only be achieved at the
cost of reduced production and a loss in
competitiveness. However, there is scope to
reintroduce biodiversity in agricultural habitats without
necessarily compromising productivity and indeed,
with greater knowledge of the functional value of
natural populations and ecosystem processes within
agro-ecosystems, there is likely to be positive
agronomic merit in the development of less artificial
and more environmentally sustainable production
systems that benefit from an increased utilisation of the
ecological advantages of biological diversity.

1.2 Overall Aims

This integrated study, informally known as the ‘Ag-
Biota’ Project, was funded as a 5-year ‘capability
development’ project starting in 2001, to develop

capacity and expertise in biodiversity research within
the context of agriculture.

The overall aims of the project were laid in four defined
work packages, or Actions:

Action 1: Development of methods for monitoring the
current and likely future status of biodiversity
in the agro-ecosystem

The project undertook a 5-year programme of
standardised monitoring for a wide selection of
taxonomic groups at scales appropriate to those
groups (individual fields, farms or landscape). Initially,
this monitoring was done at a relatively small number
of farm sites with the intention of identifying the most
useful bio-indicator groups likely to be informative in
longer-term assessment of the changing impact of
farming on biodiversity within the countryside.
Subsequently, once candidate indicator groups had
been identified, the scale of monitoring was increased
with the aim of confirming the utility of the chosen
groups as useful bio-indicators, and beginning the
process of collating and analysing information relevant
to the current baseline status of the chosen groups.
Summary results and conclusions from this Action are
reported in Chapter 2.

Action 2: Identification of the key factors that define or
limit biodiversity within contrasting farming
systems

The project also sought to make use of a range of
existing agronomic field experiments at Teagasc
Research Centres to assess the influences and
relative merits of contrasting grassland husbandry
practices on biological diversity. As the ecological
benefits of alternative farming systems in Ireland
remain relatively unquantified in any objective sense,
the data provided by these quantitative studies provide
much-needed information to support the formulation of
policy regarding the future development and promotion
of optimum production systems. Summary results and
conclusions from this Action are reported in Chapter 3.
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Action 3: Ecology of populations in agro-ecosystems:
developing tools for the practical
management and utilisation of biodiversity

A fundamental objective of the project was also the
development and improvement of knowledge
concerning the practical utilisation of specific natural
populations, and of the functional value of such
populations within farm systems. Essentially, this
requires the development of a greater understanding
of the ecological roles of plant and animal populations
within production systems and in many cases an
improved understanding of their agronomic
significance and potential benefits. Summary results
and conclusions from this Action are reported in
Chapter 4.

Action 4: Functional significance of altered biodiversity

If the benefits of biological diversity in managed farm
systems are to be fully realised, it is necessary to
understand the importance of maintaining biological
diversity within natural systems. The project therefore
sought to investigate experimentally the ecological and
functional significance of multiple species community
structures on two very important integrating ecosystem
functions, namely primary productivity and
decomposition. Novel experimental approaches and
designs that are statistically more efficient than
previous methods were developed and used to assess
the relative functionality of multi-species community
structures. Summary results and conclusions from this

Action are reported in Chapter 5.
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2 Developing Methods for Monitoring Biodiversity in the

Agro-Ecosystem

21 Background

Following the signing of the Convention on Biological
Diversity (CBD), which agreed to integrate biodiversity
policy into all economic sectors, the European
Commission published a Biodiversity Action Plan
(BAP) for Agriculture (COM(2001)162 vol. Ill) as part of
a strategy to halt the global decline in biodiversity by
2010. Amongst the recommendations of a subsequent
meeting of the European Platform for Biodiversity
Research Strategy (EPBRS) in Ireland in 2004, there
was agreement on the urgent need to develop
monitoring systems to evaluate the performance of the
Common Agricultural Policy (CAP) in terms of halting
biodiversity loss. One of the primary aims of the Ag-
Biota Project was therefore to develop appropriate
monitoring protocols with which to assess the impact of
changing farm practices on biodiversity. There is
currently a great need for, but little agreement on, the
selection of suitable biological indicators that can be
used to validate agri-environmental policy.

2.2 The Biodiversity of Populations at
Field Level

Approximately 80% (3.4 million ha) of agricultural land
in Ireland is devoted to grass-based farming systems,
including grazed pasture and the production of
grassland forage (hay and silage). In comparison, non-
grass arable crops comprise only about 9% (0.4 million
ha) of agricultural land use. The intensification of
grassland management through changes in grazing,
fertiliser usage and other chemical inputs, has led to
widespread landscape degradation and a loss of
biodiversity across Europe. The greatest changes in
Irish land use between 1990 and 2000 include a 35%
increase in the area of CORINE ‘arable land’ classes,
which include land used for the production of grass-
based silage. This increase was principally at the
expense of natural grasslands and grazed heathland
(-1% approx.), pasture and mixed farming (-4%
approx.) and wetlands (-6% approx.). Similarly, an
11% increase in the land area used for silage

production has been reported during the period 1994—
2004, and a corresponding 54% decrease in the land
area devoted to hay production during the same
period. From an agri-environmental perspective, it is
therefore important to understand how changing
grassland husbandry practices impact on biological
diversity.

221 Methods

Arthropods are amongst the most abundant living
things on the planet and constitute much the greatest
proportion of species richness and biomass in
terrestrial habitats, including managed grasslands.
The Project therefore undertook initial studies at 10
paired farm sites in 2002, using a Vortis insect suction
sampler to assess arthropod diversity in individual
monitored grasslands, with the aim of identifying likely
bio-indicators of wider diversity within agricultural
grassland. Using information from this initial study, in
2005 the Project subsequently undertook a much more
extensive study of arthropod populations in individual
grassland fields on a random sample of 50 principally
livestock farms in counties Carlow, Cork, Kilkenny,
Laois, Meath, Waterford, Wexford and Wicklow in
south-east Ireland, stratified by farm (livestock)
typology and selected from the National Farm Survey
database (Fig. 2.1).

In addition, the project obtained a third grassland
arthropod data set by monitoring populations in 36
individual plots of a grass field margin experiment
located at the Teagasc Johnstown Castle Research
Centre.

222 The bio-indicator value of parasitoid
Hymenoptera
Analysis of relationships between the diversity of major
arthropod groups and wider foliage arthropod diversity,
using data provided by the initial study of 10 paired
grassland sites, suggested that parasitic Hymenoptera
were the group with greatest bio-indicator potential.
This was confirmed by the subsequent analysis of
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Figure 2.1. Location of the original 10 paired grassland sites monitored in 2002 (open triangles) and
additional 50 commercial farm sites (closed circles) sampled during 2005.

additional data sets collected from the survey of 50
commercial farm sites and the Teagasc conservation
field margin experiment, which consistently showed
that the taxon (Genus) richness and abundance of
parasitoid wasps was most positively correlated with
total overall arthropod diversity (Fig. 2.2).

The consistency of this relationship in agricultural
grassland provides support for the hypothesis that,
because of their unique and specialised biology as
parasites of other arthropods, parasitoid wasps are
very good indicators of the diversity of other potential

host arthropod taxa. The sampling and quantification

of total parasitoid abundance (total numbers of

individuals) is a relatively straightforward and
practicable option for routine monitoring. There is
therefore a very reasonable prospect that parasitoid
abundance could be used as a field-level bio-indicator
to track ongoing changes in wider arthropod diversity,
at least within the context of agricultural grassland,
which comprises the greater proportion of the Irish
countryside. Whilst monitoring overall parasitoid

abundance might be used to document the loss or
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Figure 2.2. The relationship between the total taxon richness of all other arthropods (excluding parasitoid
Hymenoptera) and (a) hymenopteran parasitoid genera richness and (b) total abundance of parasitoid
individuals collected in Vortis suction samples from agricultural grassland swards on the 50 commercial

farms.

improvement in wider arthropod biodiversity, it would
contribute little to explaining the likely causes of such
change. However, these studies have also shown that
knowledge of the detailed composition and community
structure of parasitoid populations, particularly with
respect to the relative incidence of parasitoid guilds
with different host group affinities, can provide a
detailed the underlying ecological
processes causing change arthropod
community structure. To gain this insight, however,
requires a much more detailed understanding of the

insight into

in  wider

biologies and relative abundance of individual

parasitoid taxa identified to the level of genera (see

also Chapter 3).

2.2.3 Relationships between grassland arthropod
populations and farm management

The Project also quantified the relationships between
farm system parameters and grassland arthropod
abundance and diversity. A significant negative
relationship was observed between mean total farm
nitrogen input (inorganic and organic) and adjusted

arthropod taxon richness (taxon numbers in samples
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corrected for sample differences in the abundance of
individuals) (Fig. 2.3).

As total farm nitrogen input level is perhaps the
simplest measure of grassland management intensity,
this is clear evidence of the negative relationship
between the intensity of grassland management and
the diversity of arthropod populations at field level. The
variance in sward height and the number of plant
species present in swards were both significantly
greater on non-dairy, compared with dairy livestock
farms, and both these factors were positively
associated with greater adjusted taxon richness in
samples. A positive relationship between the botanical
and structural diversity of swards, and arthropod
diversity is expected on theoretical grounds, but the
present study is the first unequivocally to demonstrate
such a relationship in Irish agricultural pastures,
lending support to policy directed at increasing
botanical sward diversity in agricultural grassland.

However, a more intriguing manifestation of the
relationship between farm management intensity and
biodiversity was revealed by analysis of the
relationship between the unadjusted taxon density and
total abundance of arthropod populations in samples

collected from dairy and non-dairy (dry livestock) farms
(Figs 2.4 and 2.5, respectively).

Both the absolute taxon density (p = 0.028) and total
abundance (p < 0.001) of arthropod populations were
significantly greater in samples from dairy, compared
with non-dairy farms. The comparison of dairy versus
non-dairy grassland encapsulates many different
aspects of management intensity, including nutrient
input levels, stocking rate and the intensity of grazing
management, which were all greater on dairy
compared with non-dairy livestock farms. The data
therefore strongly suggest that greater input levels and
management intensity on dairy farms promotes
significantly greater, but less biologically diverse,
grassland arthropod populations.

Comparison of sward arthropod community structure,
using non-metric multidimensional scaling (NMDS)
analysis, also indicated that compositional differences
in arthropod communities in the 50 surveyed
grasslands were primarily related to four
environmental variables: sampling date, sward plant
species diversity, sward height variance, and total farm
nitrogen levels (Table 2.1, Fig. 2.6).

As shown by the use of generalised linear model
(GLM) methods, the effect of increased plant diversity
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Figure 2.3. Multiple regression model prediction of the relationship between adjusted arthropod taxon
richness (excluding Diptera) and the total farm input level of nitrogen to grassland on mixed dry-livestock
(non-dairy) farms (open circles/dashed line) and on dairy farms (solid black circles/line).
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Table 2.1. Correlation value (R?) and significance (p values) of the continuous variables tested as possible
environmental vectors in a non-metric multidimensional scaling (NMDS) model of total arthropod
community structure in sampled grasslands on the 50 commercial farm sites. (Emboldened values indicate

significant variables, p <0.05.)

NMDS model for

Environmental vectors

Sample Proportionof Sward plant Mean grass Sward Shannon Total farm Latitude
date non-crop species height height Index — N input
habitats count variance habi tat level
diversity
Community 0.623 0.106 0.356 0.085 0.293 0.018 0.349 0.146
structure of sward (<0.001) (0.153) (<0.001) (0.257) (0.001) (0.840) (0.001) (0.056)
arthropods
1.0
totalN
1
0.5
date
grassvar
5

o

2

= &0 ’ 1622

=

0.5 - 23 plantspecies
-1.0 -0.5 0.0 0.5 10
NMDg&1

Figure 2.6. The non-metric multidimensional scaling (NMDS) ordination of total arthropod community
structure in grasslands at the 50 commercial farm sites with fitted significant (p <0.05) environmental
vectors. R? = 0.851 for the linear fit of ordination distances on community dissimilarity; red numbers refer

to the ordination of individual farm sites; for clarity only peripheral farm sites are indicated.

on arthropod populations in agricultural grasslands is
significant and positive, with increased opportunities
for arthropod taxa in more speciose swards. In a
similar way, an increase in sward height variance is
likely to positively affect niche opportunities for
arthropod taxa. An important implication of this finding
is that the fauna of very intensively grazed grasslands
can be expected to have a simplified community

structure, dominated by a relatively small number of
taxa that directly benefit from cycles of intensive
rotational grazing. Not surprisingly, dung-breeding and
detritivorous dipteran families, aphids and parasitoid
genera associated with these host groups were found
to be some of the best indicators of fields on dairy
farms with very intensive pasture management (Table
2.2).
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Table 2.2. Vegetation arthropod taxa with significant (p < 0.05) indicator values (IV) for the
comparison of dairy and dry livestock farms in the 50-site survey; ‘good’ indicators with 1V
scores =70 are emboldened.

Order Taxon Associated with Indicator value  p value
Araneae E. atra Dairy farms 67.3 0.0004
L. tenuis Dairy farms 66.1 0.0014
Diptera Chironomidae Dairy farms 70.5 0.0458
Drosophilidae Dairy farms 70.8 0.0320
Lonchopteridae Dairy farms 74.2 0.0002
Opomyzidae Dairy farms 71.1 0.0010
Phoridae Dairy farms 65.5 0.0036
Hemiptera Myzus sp. B Dairy farms 66.3 0.0410
Rhopalosiphum sp. Dairy farms 80.7 0.0004
Coleoptera Acrotona sp. A Dairy farms 52.2 0.0302
Acrotrichis atomaria Dairy farms 67.8 0.0288
Aloconota gregaria Dairy farms 68.3 0.0022
Amischa analis Dairy farms 65.1 0.0218
Amischa decipiens Dairy farms 73.8 0.0064
Atomaria apicalis Dairy farms 61.8 0.0092
Atomatria atricapilla Dairy farms 62.6 0.0022
Atomaria nitidula Dairy farms 56.5 0.0074
Bembidion lampros Dairy farms 56.5 0.0260
Corticarina fuscula Dairy farms 53.3 0.0118
Enicmus histrio Dairy farms 59.7 0.0080
Philonthus carbonarius Dairy farms 66.4 0.0012
Stenus formicetorum Dairy farms 594 0.0134
Tachyporus chrysomelinus Dairy farms 61.3 0.0038
Hymenoptera Aphanogmus Dairy farms 61.4 0.0382
Aphidius Dairy farms 79.6 0.0002
Dacnusa Dairy farms 67.2 0.0124
Kleidotoma Dry livestock farms 57.4 0.0408
Meraporus Dry livestock farms 56.5 0.0028
Phaenocarpa Dairy farms 76.2 0.0004
Rhoptromeris Dry livestock farms 65.2 0.0056
Trichopria Dairy farms 79.7 0.0002
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These findings highlight a possible deficiency in
current Rural Environment Protection Scheme (REPS)
policy with respect to grassland management.
Currently, it is possible for farmers to manage their
grassland according to REPS specifications by
reducing only the level of nitrogen use and stocking
rates, with no requirement to modify very intensive
grazing patterns. However, the clearly observed
relationship between sward structure and arthropod
diversity suggests that if sward utilisation by intensive
rotational grazing remains unchanged, the net effect of
the current REPS core Measure 2 to enhance
biodiversity in grassland farming is likely to be less
than might be achieved if the pattern of intensive
cyclical grazing were also changed.

2.3 Bio-Indicatorsat the Farm Scale

231

In addition to the very wide range of functional benefits
derived from the multitude of arthropod populations in
agro-ecosystems, a relatively small number of
arthropod species are appreciated and valued for

‘Aesthetic’ arthropods

aesthetic reasons, and have a high profile in the eyes
of the general public as subjects of conservation
interest and indicators of environmental well-being.
Bees (Hymenoptera: Aculeata: Apoidea) are one such
group with a high status in public affections, and are
one of the few insect groups that most people can
instantly recognise. They feature in poetry, art,
literature and other media, and are evocative of high
environmental quality. They may therefore act as a
vehicle for engaging and informing the wider public on
conservation issues and generating enthusiasm,
support and involvement for conservation measures.

Line-transect counts and yellow pan traps (Fig. 2.7)
were used to survey current bee populations on
moderately-to-intensively managed lowland grass-
based farms in south-east Ireland, and in the generally
more extensively managed Burren region of Co. Clare.
Comparisons were also made with historic
observations of bee incidence on farmland in the
1970s and 1980s.

While bumblebees as a group are still readily found on
typical farmland, these studies reveal that both their
abundance and diversity on moderately-to-intensively

10

Figure 2.7. Yellow window pan trap as used in the
sampling of bee populations.

managed farms may have declined by at least 50%
compared with historical data and with current
populations in the Burren region (Table 2.3).
Bumblebee assemblages on typical farmland have
undergone a substantial reduction in species
composition over the last three decades, and are now
almost entirely dominated by only two taxa, the
Bombus terrestris/lucorum group and B. pascuorum
(Fig. 2.8). The ‘cuckoo’ bumblebee species (Psithyrus
spp.), in particular, appear to have been very seriously
affected by the changing status of overall bumblebee
populations, and are now almost entirely absent from
most typical farms (Table 2.3).

Psithyrus spp. lay their eggs in the nests of specific
conventional bumblebee species, which then rear
them as ‘parasites’. The incidence of Psithyrus spp. is
therefore likely to be strongly influenced by the
abundance of their particular host species (in much the
same way as the incidence of parasitoid wasps reflects
the incidence of their host guilds), and their marked
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a) Conventional farms b) Burren farms
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Figure 2.8. Current relative abundance of bumblebee species in (a) typical intensive agricultural farmland
and (b) in the more extensively farmed Burren region.

Table 2.3. The frequency of incidence of bumblebee species observed in typical farmland, on extensive
Burren farms and recorded in historical data from the period 1972 to 1988. (*Indicates species that are
likely to have been under-recorded in the historical survey. Red text indicates 'problematic’ IUCN

categories.)

Survey IUCN status Typical farmland Burren farms National records
2003-2004 (28 sites) 2004 (11 sites) 1972-1988 (119 sites)

‘Free-living’ bumblebees

Bombus cryptarum (Fabricius) DD Not distinguished from the B. terrestris/lucorum group
B. distinguendus Morawitz EN Not observed 0.18 0.10
B. hortorum (L.) LC 0.54 0.55 0.34*
B. jonellus (Kirby) LC 0.04 0.36 0.10
B. lapidarius (L.) NT 0.11 0.82 0.22
B. lucorum (L.) LC Not distinguished within B. terrestris/lucorum group
B. magnus Vogt DD Not distinguished within B. terrestris/lucorum group
B. monticola Smith LC Not observed — distribution restricted to upland eastern areas
B. muscuorum (L.) NT Not observed 0.73 0.26
B. pascuorum (Scopoli) LC 0.89 1.00 0.45*
B. pratorum (L.) LC 0.57 0.18 0.24
B. ruderarius (Muller) VU 0.04 0.45 0.13
B. sylvarum (L.) EN Not observed 0.82 0.06
B. terrestris (L.)/lucorum (L.) group LC 1.00 1.00 0.39*
Parasitic ‘cuckoo’ bumblebees
Bombus (Psithyrus) barbutellus (Kirby) EN Not observed Not observed 0.17
B. (P) bohemicus Seidl NT 0.07 Not observed 0.20
B. (P) campestris (Panzer) VU Not observed Not observed 0.13
B. (P) rupestris (Fabricius) EN Not observed 0.45 0.06
B. (P) sylvestris (Lepeletier) LC Not observed Not observed 0.07
B. (P) vestalis (Geoffroy in Fourcroy) EN Not observed and may not be part of Irish fauna

Key to International Union for Conservation of Nature (IUCN) categories: CR, critically endangered; EN, endangered; VU, vulnerable;
DD, data deficient; NT, near threatened; LC, least concern.
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rarity in comparison with historic data provides the
clearest evidence of overall decline in conventional
bumblebee populations. The evidence for the high
indicator value of parasitic taxa (both parasitic
bumblebees and parasitoid wasps) at the apex of
trophic community structures within agro-ecosystems
is undoubtedly one of the most ecologically meaningful
insights to have been gained in the current studies.

2.3.2 Thebio-indicator value of bees

The high public profile of bees and evidence of their
significant decline make bumblebees a potentially very
important indicator group. Furthermore, they are
sensitive to environmental change, particularly relating
to the abundance of flowering plants at the farm and
landscape
indication of environment quality at wider scales.

level, and can therefore provide an

Survey methods and identification are relatively
simple, and non-destructive, for bumblebees, allowing
their the
environmental influence of agriculture to become
Their

abundance or density can provide relatively simple

use as bio-indicators of changing

routine. species composition and total

measures of responses to agri-environmental

conservation However, a Dbetter
understanding of bumblebee population
fluctuations is needed to fully exploit this potential.
Pan-trap surveys on 50 commercial farms in south-
east Ireland (see Section 2.2.1) also showed that

solitary bee species are a relatively species diverse

measures.
natural

group within Irish farmland and, like bumblebees, they
may have indicator potential signalling the changing
status of floral resources within the wider countryside.

bumblebees, the accurate
solitary bee species can be
problematic requiring destructive trapping, and much

However, unlike

identification of

less is known about their individual ecologies and
distributions. However, given their greater species
diversity in farmland, and similar functional value as
pollinators, solitary bees, like bumblebees, may have
considerable potential as an indicator group for farm
habitat quality, and the abundance and variety of
the
Nevertheless, it would be a considerable challenge to

flowering plants at field or farm scale.
develop non-destructive survey methods with which

their populations could be routinely monitored.
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2.3.3 Thebio-indicator value of birds

Results from other studies have shown that an
extensively managed and diverse agriculture can
promote the highest diversity and abundance of
farmland birds. This view is reinforced by the work
showing that agricultural mosaics of low-intensity

cultivation maintain the highest diversity of
endangered bird species. It is likely that changes in
agricultural  practices  within  Irish  agricultural

ecosystems over the last 20-30 years, including a
tendency towards increased field uniformity and size,
have reduced landscape heterogeneity with adverse
effects on farmland birds. Understanding the
influences of landscape change is therefore critical to
understanding the likely causes of biodiversity loss in
farmland birds. The current project undertook a series
of detailed bird population surveys, initially on the
original Ag-Biota farm sites, and subsequently on the
50 commercial farm sites studied by the project (see
Section 2.2.1).

2.3.3.1 Relationships between farmland habitats and
birds

The initial monitoring of Ag-Biota sites revealed a
significant positive relationship (p = 0.018) between the
diversity of discrete habitat types that can be
recognised at farm level, and the numbers of bird
species observed in standardised farm-wide surveys
(Fig. 2.9).

This suggests that habitat richness quantified at farm
level can be used as a significant predictor of change
in bird species richness, and supports the hypothesis
that bird diversity may be enhanced by measures
seeking to increase habitat heterogeneity at a farm
level. Bird populations may therefore be a potentially
useful bio-indicator group reflective of the ongoing
influence of landscape change at the farm level. This
conclusion will be tested further by ongoing analysis of
the much more extensive database that is now
available following the subsequent monitoring of bird
populations in the study of 50 commercial farm sites.

The habitat classification system used in the current
study was based very largely on that originally
proposed by Fossitt (2000), but with a number of
important modifications. Fossitt's system was primarily
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Figure 2.9. Regression model predictions for the
relationship between observed bird species
richness (Rg) during surveys of the original Ag-

Biota monitoring sites and farm habitat richness
(Rp).

developed to describe the very wide range of Irish
semi-natural habitat types. As such, its usefulness in
classifying ecologically significant habitats specifically
within farmland is quite limited. For example, Fossitt's
classification of grassland habitats is largely based on
parent soil type, topography and the presence or
absence of ‘agricultural management’, with the result
that the majority of lowland Irish grassland falls into a
single category of ‘improved’ grassland, with no
differentiation to reflect the age of the sward since last
cultivation and reseeding, or the current sward type
and the intensity of its management. This is probably
much too broad a categorisation to reflect the true
ecological and biodiversity value of a land-use type
covering such a large proportion of the country. It is
therefore concluded that a more detailed classification
of farmland habitat types, based on ecological
considerations such as seasonal discreteness,
functional and biodiversity value, is urgently needed if
the relationship between changing agricultural
management practice and farmland biodiversity is to

be better understood (see also Section 2.3.4).
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2.3.3.2 Relationships  between
characteristics and birds

field  boundary
Ag-Biota bird surveys also highlighted significant
relationships between the ecological quality of field
boundaries, quantified by Field Boundary Evaluation
and Grading System (FBEGS) scores (Collier and
Feehan, 2003), and bird species richness and diversity
within the same field boundaries. In the surveys done
at the original Ag-Biota monitoring sites, the total
FBEGS Index score was found to be a useful indicator
of total observed bird species richness in both the
breeding and the winter season. These positive
relationships were largely confirmed and elaborated on
by the follow-up study of 50 commercial farm sites. In
this much larger survey, a very strong link was found
between the total FBEGS Index and both the species
richness and Shannon diversity of bird populations in
the same boundaries during the breeding season
(Table 2.4, Fig. 2.10).

However, these relationships were much more
tenuous in the winter season, when a more detailed
analysis of relationships between bird population
statistics and individual FBEGS component scores
showed that only the Associated Features component
of the FBEGS Index was a consistently good predictor
of the total diversity and abundance of birds, and the
species richness and abundance of habitat generalists
in the same field boundaries over the winter period

(Table 2.5, Fig. 2.11).

In the breeding season, however, more than one of the
component parts of the FBEGS Index was found to
make an important contribution to predicting bird
diversity statistics, and an important conclusion of the
current study is that when more than one component
part of the FBEGS Index has a significant influence in
determining bird populations, the overall Index
appears to ‘capture’ in a synergistic way a useful
integrated measure of field boundary quality from the
perspective of wider bird diversity. The importance of
this finding is that it suggests that the FBEGS method
could provide a useful and practical additional tool for
monitoring and evaluating the consequences of
longer-term changes in farmed landscapes from the
perspective of overall bird populations.

A further insight from the 50-site survey of commercial



Maintenance and economic utilisation of biodiversity in the intensively farmed landscape

Table 2.4. Summary statistics for generalised linear models describing the relationship between the Field
Boundary Evaluation and Grading System (FBEGS) Index for field boundaries surveyed on the 50
commercial farm sites in 2006 and observed breeding season bird population statistics for the same field
boundaries.

Explanatory variable Response variable Parameter F1 48 p value
estimate
Total FBEGS Index Total breeding season bird species richness 0.0531 32.55 <0.0001
Shannon Index for total breeding season birds 0.0546 51.63 <0.0001
Total breeding season bird abundance 0.0777 99.89 <0.0001
Breeding season species richness, habitat generalists 0.0550 33.29 <0.0001
Breeding season species richness, farmland specialists n.s. n.s. n.s.
Breeding season abundance of habitat generalists 0.0790 98.7 <0.0001
Breeding season abundance of farmland specialists n.s n.s. n.s.
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Fig. 2.10. The relationships between the total Field Boundary Evaluation and Grading System (FBEGS)
Index and (a) the total bird species richness, (b) the Shannon index, and (c) the abundance of total
breeding season bird populations observed in the same field boundaries on the 50 commercial farm sites
in 2006.
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Table 2.5. Summary statistics for generalised linear models describing the relationships between Field
Boundary Evaluation and Grading System (FBEGS) component scores for field boundaries surveyed on
the 50 commercial farm sites in 2006 and observed winter bird population statistics for the same field
boundaries.

Response variable Significant terms in the minimally Parameter F1.48 p value
adequate FBEGS Component estimate
Model
Total winter bird species richness Associated Features score 0.0732 7.63 0.008
Shannon Index for total winter birds Associated Features score 0.0745 7.34 0.009
Total winter bird abundance Associated Features score 0.1147 56.15 <0.0001
Species richness of habitat generalists Associated Features score 0.0734 7.44 0.009
Abundance of habitat generalists Associated Features score 0.1027 43.19 <0.0001
Abundance of farmland specialists Associated Features score 0.4438 24.34 <0.0001
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Figure 2.11. The relationships between the Associated Features component score of the Field Boundary
Evaluation and Grading System (FBEGS) Index and (a) the winter species richness of habitat generalist
bird species, (b) the winter abundance of habitat generalist bird species, and (c) the winter abundance of
farmland specialist bird species observed in the same field boundaries on the 50 commercial farm sites in
2006.
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farms, was the discovery of significantly greater
FBEGS indices and both the species richness and
abundance of breeding birds in field boundaries on
dairy farms compared with non-dairy farms. (Figs 2.12
and 2.13, respectively).

These are extremely important findings since they
suggest, firstly, the existence of a positive relationship
between field boundary quality and bird populations
and, secondly, establish that breeding bird populations
in field boundaries on relatively intensively managed
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Figure 2.12. Generalised linear model predictions of the mean Total Field Boundary Evaluation and
Grading System (FBEGS) Index for permanent field boundaries on dairy and non-dairy farm types using
data collected from 50 commercial farm sites in 2006.
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Figure 2.13. Generalised linear model predictions of (a) mean bird species richness, and (b) mean total
abundance of breeding season bird populations within field boundaries on dairy and non-dairy farm types

using data collected from 50 commercial farm sites in 2006.
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dairy farms are greater compared with much less
intensively managed non-dairy farms. Much further
analysis of the 50-site data set regarding relationships
between habitat structures, FBEGS scores, farming
practices and bird populations remains to be done.
However, it is already apparent from these initial
analyses that a greater intensity in farm husbandry is
not necessarily always detrimental for all aspects of
farmland biodiversity.

234 The sdignificance of farm habitat and
management data

Changes in Irish land cover classes identified through
CORINE assessments made in 1990 and 2000 include
a 35% increase in the land area classified as ‘arable

land’, which includes land used for silage production, a
31% increase in artificial surfaces, and a 23% increase
in the area of afforested land. These increases have
principally been at the expense of areas under
permanent pasture, mixed farmland and wetland
habitats. However, little attention has been afforded to
identifying the composition and ecological quality of
habitats and their management status at a farm scale.

The current Project’s survey of 50 commercial farm
sites, totalling 2,577.1 ha in south-east Ireland,
indicates that about 15% of land on such farms (7.83
ha per farm) is currently maintained as ‘non-cropped’
habitat, including an extensive network of hedgerows,
accounting for approximately 9% of the total surveyed
land area, or about 9 km/km? (Table 2.6).

Table 2.6. Relative incidence of major habitat types?! recorded on the 50 commercial farm sites.

Category Habitat type (code according to Fossitt, 2000) Total area Mean area (ha) per  No. of farms on
(ha) farm + SE which recorded
‘Croppe d’ Intensive grassland (GA1L, in part) 1,086.00 21.72+2.11 40
Less intensive, high agronomic quality grassland 656.26 13.23+1.77 44
(GAL, in part)
Cereals — winter 55.60 1.11+0.95 5
— spring
— stubble (BC1)
34.07 0.68+0.44 5
175.30 3.50 £1.39 13
Bare ground (BC3, in part) 27.47 0.55+0.31 7
Total 2,098 41.96 +2.63 -
‘Non-croppe d’  Field boundaries + associated herbaceous margins 230.46 4.61 +£0.33 50
(WL1 mostly)
Scrub (WS1) 33.03 0.66 +£0.17 25
Deciduous woodland (WD1) 31.96 0.64 £0.16 26
Riparian woodland (WN5) 37.55 0.75+0.15 24
Total 391.74 7.83+0.69 -
‘Other’ Built ground (BL3, in part) 84.28 1.68 +0.12 50
Total 87.32 1.75+0.13 -

1 This table includes only summary data for habitats accounting for a mean of at least 0.5 ha per farm. Other recorded habitats included:
Wet (Juncus-dominated) (GAL, in part), Wet (non-Juncus), Transitional grassland (GA1, in part), Wet grassland (GS4), Dry calcareous
& neutral grassland (GS1, in part), Coniferous plantation (WD4), Mixed woodland (WD2), Wet deciduous woodland (WN6), Deciduous
plantation (<10 years) (WS2, in part), Mixed forestry (<10 years) (WS2, in part), Wetlands, e.g. ponds (FL8), Saltmarsh (CM1 and
CM2), Heath (HH1) and Historical features; see the full Ag-Biota Report for further details.
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These estimates serve to underline the much higher
density of hedgerow habitats present on Irish farmland
compared with other European countries. This finding
is a strong endorsement of specific agri-environmental
measures targeting the protection and maintenance of
this important part of the Irish landscape, and in
conjunction with the Project’s findings regarding the
significant relationships between field boundary
structure and bird populations (Section 2.3.3.2), is a
strong incentive to optimise hedgerow management.

Less optimistically, the data collected from a total of
251.72 km of field margins adjacent to field boundaries
indicate that over 22% of margins are dominated by
nitrophilous plant species, suggesting an elevated
nutrient status probably arising from the misapplication
of fertiliser and/or slurry very close to field edges
(vegetation types 3 and 4 in Table 2.7). Over 31% of
field margins also showed the presence of other
shrubby and/or woody species, indicating poor
vegetation management (vegetation types 2,4 and 6 in
Table 2.7).

Coupled with high nutrient status, soil poaching
caused by grazing animals was noted in approximately
1.5% of field margins (vegetation type 5 in Table 2.7).
The survey of field margins also revealed that bracken
(Pteridium aquilinum), an essentially weed plant
species with virtually no biodiversity value, formed the
dominant flora in almost 1% of field margins studied
(vegetation type 6 in Table 2.7) and in total only 52%
of field margins were well managed, with no evidence

of nutrient enrichment or inappropriate vegetation
management (vegetation type 1 in Table 2.7).

A detailed analysis of habitat composition on surveyed
farms showed a strong distinction between dairy and
other, exclusively drystock, farm typologies (Fig. 2.14).
From this analysis, it can be concluded that farming
intensity as indicated, on the one hand, by dairy status
with associated high input levels and, on the other
hand, by non-dairy and REPS status, is a primary
driver of habitat composition on Irish livestock farms.
This analysis also revealed a significant positive
association between the proportion of field boundary
habitat on a farm and REPS status (Fig. 2.15).
Assuming of course that the surveyed REPS farms
were not already different from the wider farm
population when they joined the scheme, this is
perhaps evidence of a significant positive influence of
REPS policy on the retention of field boundaries.

Analysis of management practices also revealed that
REPS farms, in general, had a significantly smaller
total utilisable agricultural area (UAA) than non-REPS
farms and that, on both REPS and non-REPS farms,
there is a significant negative association between
stocking rate and UAA (Fig. 2.16).

This suggests that, irrespective of their REPS status,
smaller farms are more intensively stocked than larger
farms, which is significant from a policy perspective
because it contradicts any assumption that larger
farms are more intensively managed.

Table 2.7. Relative incidence of vegetation types within the 1.5-m wide field margins
surveyed on the 50 commercial farm holdings.

Field margin vegetation type Total length (km) Linear proportion
recorded on the 50 (%) of total field
surveyed sites margins
1. Grass and herb margins 131.05 52.06
2. Rubus and Ulex margins 57.44 22.82
3. Galium and/or Urtica margins 34.16 13.57
4. Mixed woody and nutrient-responsive spp. margins 22.73 9.03
5. Bare ground margins 3.97 1.58
6. Bracken (Pteridium aquilinum) margins 2.37 0.94
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Figure 2.14. Summary of the final farm site redundancy analysis (RDA) ordination based on the relative
incidence of habitat types; symbol colour and shape denote dairy vs non-dairy, and Rural Environment
Protection Scheme (REPS) vs Non-REPS farm types, respectively.
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Figure 2.15. Multiple regression model estimates for the significantly different proportion of field boundary
habitat on Rural Environment Protection Scheme (REPS) and non-REPS farms in the 50-farm site survey
(p <0.001).
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Figure 2.16. Multiple regression model predictions for the significantly different relationships between
total utilised agricultural area (UAA) and stocking rate (livestock units, LU/ha), on Rural Environment

Protection Scheme (REPS) and non-REPS farms.

24  Biodiversity at the Landscape Level
241 The bio-indicator value of aquatic
invertebrates

Degradation of the ecological quality of freshwater
systems, particularly as a consequence of intensive
agricultural practices has received much attention and
is the subject of extensive environmental legislation
including the EU Habitats and Water Framework
Directives. Maintaining the integrity of freshwater
habitats has long been recognised as being dependent
on the conceptual realisation that rivers are a product
of the landscape through which they flow. Agricultural
landscapes under intensive land-use practices are
shown in this monitoring programme to impact on the
habitats. In

comparison to similar reference sites, streams draining

ecological integrity of freshwater
predominantly agricultural land were similar in alpha
diversity, but sustained relatively greater invertebrate
The

agricultural streams were dominated by a small

abundance. invertebrate communities  in
number of species, with only two to seven taxa
representing up to 80% of the total aquatic invertebrate
population. In contrast, reference streams had a
markedly greater degree of evenness in relative
abundance, with about 13 taxa represented in 80% of

all individuals (Fig. 2.17).
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The most notable differences between agricultural and
reference streams were in the composition of the
invertebrate communities. Reference streams were
consistently dominated by pollution-sensitive taxa,
both in terms of taxon richness and relative abundance
(Table 2.8).

In comparison, most agricultural streams were
dominated by pollution-tolerant taxa with a much lower
number and relative abundance of pollution-sensitive
and EPT (Ephemeroptera + Plectoptera + Trichoptera)
taxa. As a consequence,
predominantly agricultural land are likely to have lost
sensitive taxa, and proximity to
landscape will largely determine the probability and
rate of their recovery. Aquatic invertebrate diversity

catchments draining

refugia in the

within agricultural streams is a likely subset of the most
tolerant taxa in reference sites, which have increased
from a rare to common status. The analysis of the
incidence of functional feeding groups in agricultural
and reference streams suggests that despite a
reduction of their ecological quality, as indicated by
widely recognised biological metrics, the ecological
functioning of streams in predominantly agricultural
landscapes is largely maintained by a markedly
greater abundance and diversity of tolerant taxa that
have similar functional roles to the taxa that have been

replaced. The concern would be, however, that further
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Figure 2.17. Mean relative abundance rank order plot comparing the accumulative abundances of taxa
recorded at seven agricultural sites compared to reference streams.

Table 2.8. Mean water quality and risk assessment metrics for streams draining predominantly agricultural
catchments in 2002—-2005 and comparable reference sites sampled in 2004-2005.

Site Total no. Q value BMWP ASPT No. sensitive No. EPT % EPT (+SE) SSRS
taxa taxa taxa
JC1 31 Q3 89 5.4 3 11 4(2.3) At risk
Jc2 43 Q4-5 182 6.7 12 24 58 (2.6) Not at risk
SH1 38 Q3 130 5.2 5 14 28 (1.1) At risk
OP1 46 Q3 148 5.5 8 18 11 (1.2) At risk
OP5 32 Q3 86 5.1 4 9 14 (2.2) At risk
GR2 43 Q3 136 5.4 7 16 45 (16.5) At risk
L1 30 Q2-3 91 4.9 3 9 5(1.5) At risk
Mean for 41 Q5 164 6.8 14 24 75 (1.6) Not at risk

reference sites?!

1Six streams monitored to represent comparable reference conditions.
BMWP, biological monitoring working party; ASPT, average score per taxon; EPT, Ephemeroptera + Plectoptera + Trichoptera; SSRS,
Small Stream Risk Score.

agricultural intensification could lead to such levels of monitoring programmes providing species-level
depletion in sensitive taxa that population refugia, ecological information concerning aquatic invertebrate
which might normally permit recolonisation within populations that can be specifically linked to ongoing
agricultural regions, will be lost from entire catchments. changes in farming practice and other forms of
This emphasises the importance of long-term baseline landscape use with river basement systems.
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25 Assessing the Sectoral Impact of

Agriculture on Biodiversity

2.5.1 Selection of bio-indicators

As already pointed out, at the start of the Ag-Biota
Project it was not clear what should be monitored, or
how monitoring could be done. During an initial phase
of the Project, a strategic programme of monitoring
was undertaken for a wide range of populations within
farmland at levels from individual field to the wider
landscape, whilst adopting the basic working
assumptions that, firstly, no single bio-indicator group
was likely to fulfil the need to assess the many potential
impacts of agriculture and, secondly, that different
indicator groups were likely to be most appropriate at
different scales. Both of these assumptions have been
borne out, and the initial studies identified a provisional
list of four potentially key bio-indicator groups for Irish
agriculture (Table 2.9).

Table 2.9. Potential key bio-indicator groups at
different scales identified by the project for
assessment of the impact of agriculture on
biological diversity.

Monitoring scale Key bio-indicator group

Field Parasitoid Hymenoptera
Farm Bumblebees/Butterflies
Farm Birds

Landscape Aquatic invertebrates

25.1.1 Parasitic and pollinator taxa as ecological
indicators
Within agro-ecosystems, it has been argued that
greatest priority must be given to functionally relevant
biodiversity within cultivated areas, i.e. biodiversity
within field systems under the influence of cropping
practice. Parasitoid wasps occupy such a position but,
uniquely, because of their highly specialised biologies,
they are also highly diverse and abundant, even in
intensive agro-ecosystems. Within the current studies,
multiple data sets illustrated the overall value of this
insect group as sensitive indicators of wider diversity
within the most widespread habitat type in the Irish
countryside, namely managed grassland. The value of
parasitoids as bio-indicators lies not only in the close
relationships between their abundance and diversity
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and that of other arthropod taxa, but also in the insight
provided by a knowledge of their host ranges.
Uniquely, the the underlying
ecological influences affecting overall arthropod
diversity. The indicator value of parasitoid populations

latter can reveal

is now the subject of ongoing studies.

At a farm scale, bumblebees are identified as a key
indicator group on the basis that not only were they of
particularly important functional value as pollinators,
but also because this project’s data suggest that they
have suffered a particularly marked decline in
incidence on farmland over recent decades. Solitary
bees may also be of significant indicator value, since
these studies also suggest that these indigenous wild
pollinators may be as abundant as bumblebees on
farmland. However, lack of a suitable non-destructive
sampling methodology and knowledge concerning
their distributions currently limits their indicator value.
Further studies on the
pollinator groups are considered a high priority. Until
such studies are done, it is difficult to know, for
example, precisely why bumblebee populations have

incidence of both these

declined in recent times, and whether solitary bee
populations are undergoing similar decline. This
project's data already show that ‘cuckoo’ Psithyrus
bumblebees have undergone the most obvious decline
in recent years. Whatever the cause, the identification
of parasitic bumblebee species as the most sensitive
indicators of a wider general decline in bee populations
is yet another insight into the particular value of
parasitic taxa as ‘front-line’ indicators of the loss of
biological diversity at lower trophic levels within agro-
ecosystems. This is a key finding of this Project.

2.5.1.2 Birdsasindicators

Birds are also identified as a key indicator group at the
farm and wider farmed landscape level. Of particular
interest is the Project’s demonstration of the underlying
relationship between the previously largely theoretical
FBEGS the
assessed field boundaries. This is another key finding
and clearly demonstrates that surrogate management-

Index and bird populations within

based indicators that reflect the application of sound
ecological knowledge can be reflective of the actual
state of biological diversity. These studies also provide
evidence of the significantly greater ecological quality
of field boundaries, as measured by FBEGS scores,
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and greater abundance (as opposed to diversity) of
grassland arthropod populations on dairy compared
with other livestock farm types. This very probably
underpins the additional finding that breeding bird
populations within field boundaries are also
significantly greater on dairy farms (Fig. 2.18). Such
potential complexity in the relationships between
agricultural practice and biodiversity provides a
salutary lesson that intensive farming is not
necessarily ‘bad’ for all aspects of biodiversity.

2.5.1.3 Aquaticinvertebrates asindicators

At a wider farmed landscape level, aquatic invertebrate
populations have been shown to be highly sensitive to
the degradation of water quality, and the current
Project very much confirms the potential utility of
information concerning ongoing change in aquatic
communities within intensively farmed catchments.
These studies also clearly illustrate how baseline

monitoring of the composition of aquatic invertebrate
fauna can provide a valuable yardstick for assessment
and evaluation of the ongoing impact of agri-
environmental policy. However, further studies are
required across gradients of land-use intensity and
different landscape mosaics in order to identify the
potential causal mechanisms underlying biotic change,
the

maintenance of ecological functioning within the

and to determine if thresholds exist for
aquatic system in terms of the intensity of farming and
landscape spatial composition. Such studies have
already begun within a newly Department of
Fisheries and Food (DAFF)-funded

‘Agri-Baseline’ (Stimulus Research Fund

Agriculture,
project,
2006), which is utilising the knowledge gained by the
current Ag-Biota Project in the further development of
biodiversity monitoring within the context of agriculture
(see Section 6.2).

Intensive management
of grassland

Dairy Farming

Enhanced FBEGS
Scores

? Enhanced abundance

? Enhanced breeding

of arthroped food

? Enhanced breeding
bird populations

habitat quality

Figure 2.18. Suggested relationships between dairy farming, grassland arthropod abundance, field
boundary quality, and breeding bird populations (FBEGS, Field Boundary Evaluation and Grading

System).
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3 Factors Determining Biodiversity in Grassand Farm

Systems

3.1 Background

Grasslands are potentially very species-rich habitats, and

maintaining even relatively intensively managed
permanent pastures is likely to be more beneficial to
biodiversity than many other types of land use. One of the
most important priorities is therefore to understand how
the management of this nationally dominant habitat type
is likely to impact on biological diversity. Increased
grassland management intensity has generally been
found to decrease arthropod biodiversity, and practices
such as fertiliser and pesticide use, grazing, cutting,
ploughing and reseeding are likely to reduce biological
diversity. Heavy grazing produces short swards that
reduce foraging and habitat opportunities for many
invertebrates, whilst low stocking rates can favour groups
like spiders, whose incidence is strongly dependent on
vegetation structure. This Project therefore made use of a
number of pre-existing grassland husbandry experiments
with a formally replicated design, which were available at
the Teagasc Grange and Johnstown Castle Research
Centres, to assess the likely influence of specific

grassland husbandry practices on biological diversity.

3.2 The Grange Grassand Management

Experiment

This experiment was set up to compare the agronomic
performance of contrasting beef
production systems of different management intensity:

two suckler

1. A conventional standard suckler beef system with
0.65 ha/cow unit (cow plus progeny to slaughter
plus replacements) and 225 kg N/ha/year

2. A REPS-compatible suckler beef system with
0.82 ha/cow unit and 88 kg N/ha/year.

The experiment was set out on two large adjacent
pastures in 1997, which had previously been used for
intensive beef production receiving circa 225 kg
N/halyear. The treatments were managed with
separate, self-contained suckler herds, which were
grazed between April and November on four replicated
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field plots per treatment. Each treatment replicate
(plot) was subdivided into three nested grazing
paddocks, which were grazed rotationally on an
approximate 21- to 28-day cycle in a fixed sequence,
such that only two replicate blocks of the experiment
were in use at any one time. Vortis suction samples
were collected from experimental plots in June and
August 2003, and similarly in 2005.

3.21 Summary results

In both years of sampling, GLM analyses indicated
significant treatment effects on arthropod populations.
In 2003, there was a greater abundance and taxon
density of arthropods in the sward of the REPS-
compatible system compared with the higher
management intensity system. In 2005, both arthropod
abundance and taxon density showed a similar
treatment difference in August, but not in June when
overall populations were generally smaller (Table 3.1,
Fig. 3.1). Similarly, a positive effect of sward height on
arthropod abundance was substantially greater in the
REPS-compatible compared with the conventional
treatment. A significant treatment interaction between
sample date and sward height resulted in a
significantly greater slope estimate for the relationship
between sward height and arthropod abundance in
June compared with August samples, suggesting that
the positive effect of grass height on arthropod
abundance was greater earlier in the season when,
from a phenology perspective, arthropod populations
in grassland tend to be less abundant. This implies that
the observed positive influence of the REPS-
compatible treatment