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Introduction 
Agriculture is the single largest form of land
use across most regions of Europe and espe-
cially in Ireland where the most recently avail-
able statistics suggest that approximately 64%
of the terrestrial landscape is under agricultur-
al management (71% including ‘rough graz-
ing’) (Anon., 2005). As a consequence of
farming activities over millennia, farmers and
the husbandry systems they have developed,
have been very largely responsible for creating
a varied and until relatively recently often

highly biodiverse, ‘natural’ environment.
However in the last 50-60 years, a marked
increase in the intensity of agricultural systems
across much of Europe has had widely nega-
tive impacts on numerous dimensions of envi-
ronmental quality including air, water and soil
quality, biodiversity, the visual appearance of
traditional landscapes and cultural heritage. In
the case of biodiversity, more recent negative
changes have also resulted from the gradual
abandonment of traditional, particularly pas-
toral, farming practices in economically mar-
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Abstract

We describe and review the scientific and policy background with respect to the impact of agriculture on
biodiversity and outline the structure and objectives of the Ag-Biota Project. The latter is a large, multi-
institutional study funded by the ERTDI Programme (2000–2006) under the aegis of the National
Development Plan. As such, Ag-Biota represents an ongoing commitment to the protection and conser-
vation of biodiversity, and the integration of policy towards the achievement of these goals in all econom-
ic sectors. Ag-Biota is addressing directly the practical needs for agri-environmental policy development,
such as the need to identify suitable biodiversity indicators for agriculture and begin the development of
realistic and practical monitoring and assessment methods; is focussing on the development of ecological
understanding concerning the more effective utilisation of beneficial biological populations and processes
within the agro-ecosystem; and is asking more fundamental ecological questions concerning the function-
al role and significance of biological diversity in community structures. The Ag-Biota project represents a
suitably policy-focussed response to, and a considerable investment in, the needs of Irish biodiversity
research within the context of modern agriculture. As such, we feel that the project is a good model for
future biodiversity research, addressing the need for information and an appropriate knowledge base to
support practical environmental protection measures. 

Key Index Words: Monitoring and managing biodiversity, egroecology, farming practice, beneficial popula-
tions, bio-indicators, pollination, predation, soil fertility, plant production, functional redundancy.



ginal production areas. Such changes show
that too little, as well as excessively intensive
agricultural management can have strongly
detrimental impacts on biodiversity (Council
of Europe, 2001). 

Such impacts have led to a widespread
recognition that agricultural policy and the
subsequent actions of farmers profoundly
influence the ‘natural’ environment, and that
Europe’s farmers are key custodians and
potentially some of the most effective man-
agers of terrestrial biodiversity. In Ireland this
is particularly true since despite the often very
high intensity of certain types of farming such
as dairying, the topography of the farmed
landscape (i.e. the size and diversity of indi-
vidual farms and fields) has remained relative-
ly un-intensive. In contrast to many other
parts of N.W. Europe, much of Irish agricul-
ture is still practiced within a landscape that
retains a relatively high proportion of field
boundaries and other important habitats that
support a diverse mix of wildlife, which in
many areas (particularly in western Ireland)
can be considered of ‘High Nature Value’
(EEA, 2004).

In response to international commit-
ments under the Convention on Biological
Diversity (CBD) to integrate biodiversity pol-
icy into all economic sectors (UNEP, 1992;
see also Usher, this volume), the European
Commission (2000, 2001) began to integrate
environmental concerns into new agricultural
policy and published a Biodiversity Action
Plan (BAP) for Agriculture (COM(2001)162
vol. III). The BAP is intended to assist in the
Commission’s commitment to halt the global
decline in biodiversity by 2010, and sought to
describe in a holistic way the varying impacts
that changing farming practices have on bio-
diversity. It laid out three major trends of con-
cern relating to ongoing decline in:
1 the genetic diversity of domesticated

plants and animals utilised within agricul-
tural systems

2 the ‘wild’ biodiversity (species and habi-

tats) associated with farmland and farmed
landscapes

3 the ‘life support systems’ (fundamental
ecosystem processes) that maintain the
ecological integrity of ‘agro-ecosystems’.
Recognising that much of the Irish land-

scape is under the direct influence of agricul-
tural practice, the Ag-Biota project funded by
the Irish Environmental Protection Agency
under the ERTDI Programme 2000-2006,
focuses on the latter two of these concerns. In
particular, Ag-Biota seeks to generate knowl-
edge necessary to inform agricultural policy
development with respect to the surveillance
and management of impacts on biodiversity.
To achieve this aim, Ag-Biota has a pro-
gramme of four well defined, but closely inter-
related Actions:
Action 1: aiming to assist in the development
of monitoring methodologies, which might be
used to document and track the changing
impact of agriculture and agricultural policy
on the status of  biodiversity within farmland.
Action 2: aiming to identify the major farm
husbandry practices which define or limit
biodiversity within existing and alternative
farming systems.
Action 3: aiming to study in detail the ecolo-
gy of functionally important populations
within Irish agro-ecosystems, with a view to
the more effective utilisation of the benefits of
biodiversity within production systems.
Action 4: aiming to address more theoretical
and fundamental questions regarding the eco-
logical value and functional significance of
diversity in plant and animal communities.

In this regard, Ag-Biota’s aims are closely
aligned with three of five specific research pri-
orities that were recently identified as priori-
ties for the Agriculture BAP at a meeting of
the European Platform for Biodiversity
Research Strategy (EPBRS) held under the
Irish Presidency of the EU in Killarney,
(EPBRS, 2004). These recommendations
(current authors’ italics) are to:
Recommendation 14: Assess the performance
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of the reformed CAP in achieving the target of
halting biodiversity loss by developing a har-
monised framework for evaluation, and
urgently supporting the development of monitor-
ing systems using agreed indicators.
Recommendation 16: Improve the design,
implementation, monitoring and evaluation of
agri-environmental instruments at the scales at
which they most effectively deliver on the
2010 biodiversity targets.
Recommendation: 17: Develop ecologically-
based agricultural and food supply systems that
enhance biodiversity and utilise its benefits,
starting with research for conservation of the
most vulnerable and potentially useful species.

In this paper, we present an overview of
the main issues and a brief description of the
goals of the Ag-Biota work programme with
respect to its four Actions listed above.
A number of specific ‘work in progress’
papers, which were presented along
with a number of posters illustrating
the work of Ag-Biota at a conference
held in University College Dublin on
30th March 2005, follow in this vol-
ume.

In Actions 1 and 2, Ag-Biota is
seeking to develop practical methods to
monitor, assess the current status of,
and potentially track trends of change
in biodiversity within Irish farmland.
This work concentrates on grassland
farming, largely comprising Habitat
GA 1 – Improved Grassland, as defined
by Fossitt (2000), since this is the pre-
dominant form of Irish agriculture. In
this work, the project is seeking to
answer apparently simple questions,
such as what should be monitored: i.e.
what are the most appropriate biologi-
cal indicators of biodiversity impacts
in Irish farmland; and how can these
impacts be most easily monitored in
practical terms: i.e. what relatively sim-
ple (surrogate) farm system parameters
reliably predict impacts on the chosen
biological indicators?

I. Selection of biodiversity indicators for
agriculture 
A large literature has grown on the topic of
biodiversity indicators since Europe adopted
the principles of the CBD, guided by inputs
from agencies such as UNEP (1997, 1999)
and the EEA (2003). The OECD assisted
considerably by publishing an Agri-biodiversi-
ty Indicators Framework (Figure 1) to guide
the development of specific indicators for the
agriculture sector (OECD 2001). 

This holistic framework provides a basis
for developing a hierarchy of indicators rele-
vant to different biodiversity dimensions
(genes to habitats), recognising the complex
interactions between the different elements of
the agro-ecosystem itself, and its interactions
with other terrestrial and aquatic ecosystems
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Figure 1. Conceptual agri-environmental indi-
cator framework (modified after OECD 2001).
The framework provides a hierarchical
overview of the multiple spatial and temporal
scales and environmental and socio-economic
interactions that indicators need to address.
Numbers within the framework have been
added to indicate areas of direct relevance to
Ag-Biota.
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at different spatial scales and within different
ecological and socio-economic contexts. 
The efforts of Ag-Biota are concentrated on
particular dimensions (numbered 1-5 in
Figure 1) within this indicator framework,
namely:
1 Selection of wild (uncultivated) biological

indicator populations which best reflect
the wider impact of farming within agro-
ecosystems.

2 Selection of ‘surrogate’ farm husbandry
indicators that accurately predict these
likely impacts 

3 Selection of ‘surrogate’ landscape structure
indicators that accurately predict the
effects of wider farm management impacts. 

4 Selection of functionally relevant (benefi-
cial) bio-indicator populations that best
reflect the ecological integrity of the agro-
ecosystem.

5 Selection of indicators for interactions
between the agro-ecosystem and the qual-
ity of fresh water aquatic ecosystems.

Ag-Biota is currently not looking at indicators
relating to the specific ecological requirements
of particular ‘flagship’ wild species – indicators
that link habitat quality and quantity at the
apex of the OECD framework (Figure 1).
Neither is the project looking at agro-ecosys-
tem base indicators relating to the diversity of
cultivated crops and livestock, or indicators of
interactions between the agro-ecosystem and
other terrestrial ecosystems.

In selecting indicators representative of
‘wild biodiversity’ within agro-ecosystems, the
OECD (2001, Annex 5) provided a number
of specific guidelines (current authors’ italics):
1 Select a minimum set of wild species col-

lectively representing a wide range of
habitat types across agricultural land

2 Select a range of wild species that require
different types of agricultural land and
from various species groups

3 Select rare, endangered and widespread
species

4 Select wild species relevant to policy issues
at different scales from the local to global
level.

Selection of bio-indicators for Irish agriculture
Ag-Biota has begun an initial monitoring pro-
gramme at a range of ten potentially long-
term monitoring locations in south-east
Ireland. These sites are paired, consisting of
four Teagasc Research Centres paired with
nearby commercial farms of similar enterprise,
and two separate locations of differing man-
agement type on the UCD farm at Celbridge,
Co. Kildare (Table 1). A common programme
of monitoring in early and late summer
(May/June and July/August, respectively) for a
wide range of taxonomic groups at appropri-
ate field, farm or landscape scales was begun in
2002 and continued in 2003 (Table 2). At all
sites, within field groups were assessed within
grassland fields. 
Following initial analysis of the data collected
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Region Location Farming type

Wexford Teagasc, Johnstown Castle Intensive dairy grassland (250-300 kg.ha-1)
Paired commercial farm Intensive dairy grassland (300 kg.ha-1)  

Tipperary Teagasc, Solohead Intensive dairy grassland (250 kg.ha-1)
Paired commercial farm Intensive dairy grassland (300 kg.ha-1)  

Meath Teagasc, Grange REP-type beef grassland (100 kg.ha-1) 
Paired commercial farm REPS drystock grassland (100 kg.ha-1) 

Carlow Teagasc, Oak Park Mixed arable/drystock park grassland (120 kg.ha-1)
Paired commercial farm Mixed arable/drystock park grassland (120 kg.ha-1)  

Kildare UCD farm Intensive dairy grassland (220 kg.ha-1)
UCD farm Extensive drystock grassland (80 kg.ha-1)  

Table 1: Location and principal farming types at Action 1 monitoring sites



in this monitoring programme, a ‘basket’ of
the following four potential indicator groups
have been provisionally identified:
1 Grassland arthropods, particularly para-

sitoid wasps (Hymenoptera: Parasitica)
2 Bees (Hymenoptera: Bombini (bumble-

bees)
3 Birds
4 Aquatic  macroinvertebrates.
This selection of groups covers a wide range of
taxa associated with different parts and
dimensions of the Irish farmed landscape from
individual fields (parasitoid wasps) to the
wider terrestrial landscape (bees and birds)
and adjacent environments strongly influ-
enced by farming practice (rivers and streams).
Our provisional list of bio-indicators for agri-
cultural land does not include any aspect of
plant diversity per se, which has often been
viewed as a primary driver of other forms of
biological diversity at higher trophic levels.
This is certainly not because the project lacks
‘plant interest’, but is a consequence of the fact
that within the context of moderately to
intensively managed farm landscapes, botani-
cal diversity is highly constrained within the

crop ecosystem by husbandry practice, and in
such a context, floristic diversity probably
only has such relevance at a habitat scale in
regions where appreciable areas of ‘semi-natur-
al’ vegetation still survive within the agricul-
tural landscape (Waldhardt et al., 2003).

Parasitoid wasps
Theoretically, because of their high trophic
position, highly specialised biologies and very
close ecological relationships with practically
all other insect groups (Godfray, 1994;
Quicke, 1997; Hochberg and Ives, 2000), the
Hymenoptera: Parasitica have a particularly
good theoretical potential as bio-indicators
within agro-ecosystems. Additionally, they
have particular functional relevance as natural
enemies of many pest species, a role that has
lead to their being widely studied as highly
specific biological control agents (e.g.
Wharton, 1993). However, their potential as
indicators of wider arthropod diversity within
agro-ecosystems has received little or no atten-
tion from ecologists, very largely because of
the comparative inaccessibility of their taxon-
omy. Our initial monitoring at Action 1 sites,
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Taxa Sampling Sampling method Groups identified to species level 
scale (unless indicated otherwise) 

Field vegetation Field 3dm2 quadrats All sward flora  

Vegetation Field Vortis suction samples Total arthropods including: 
arthropods Coleoptera, Hemiptera, Diptera**, 

Hymenoptera (Parasitica)*** 

Predatory Field Pitfalls/field edge sod Carabidae, Staphylinidae, Araneae 
arthropods samples* 

Earthworms Field Formalin quadrats Lumbricidae  

‘Aesthetic’ Farm Field margin transects, Hymenoptera (Apidae), Lepidoptera, 
arthropods yellow pan & light traps Diptera (Syrphidae) 

Birds Farm/ Farm transects All species  
landscape 

Aquatic Landscape Multi-habitat kick All  macroinvertebrates
invertebrates sampling   

* sampled in mid winter 2002, ** identified to family level, *** identified to genus level

Table 2: Summary of sampled taxa and sampling methods used at Action 1 monitoring sites



and increasingly information from Action 2
(see below), suggest however that even when
studied at the comparatively crude taxonomic
levels of Family or Genus, the community
structure of parasitic Hymenoptera has a quite
novel potential to reflect the wider ecological
impacts of changing farming practice on the
abundance and diversity of their host insect
groups (Anderson et al., this volume). 

Bumblebees
Bumblebees are large, conspicuous insects that
are relatively easy to identify, and the number
and relative incidence of the eighteen species
known to occur in Ireland would be entirely
feasible to monitor as an indicator of environ-
mental change. Furthermore, along with
birds, some mammals, and butterflies, mem-
bers of the general public frequently observe,
and are generally sympathetic to the conserva-
tion of bumblebees. As well as being of con-
servation interest, it can be argued that bum-
blebees are also potentially good indicators of
functional biodiversity since wild bees, includ-
ing bumblebees, play a pivotal role as pollina-
tors both of wild plants and of crops in agri-
cultural ecosystems. The presence and abun-
dance of pollinators in agro-ecosystems have
been proposed and actually used as indicators
of nature protection status (Roots and Talkop,
1997). Because of the distances that bumble-
bees routinely forage from their nests (e.g.
Knight et al., 2005), they can be considered as
likely indicators of change at the landscape,
rather than field level. Hence landscape struc-
ture and the management of non-crop vegeta-
tion, such as in hedgerows, woodland mar-
gins, areas of semi-natural meadows etc.,
might all act as influences on bumblebee com-
munity structure. Such influences, and the
potential of bumblebee populations as indica-
tors of wider biodiversity changes at the land-
scape level, are the subject of both recent
(Kleijn et al., 2001; Sepp et al., 2004) and on-
going research within the Ag-Biota project
(Santorum and Breen, present volume).

Birds
Bird populations have been widely studied as
indicators of environmental quality and
specifically proposed as a ‘headline’ indicator
group for ecosystem health within the context
of agricultural land (CEC, 2000). Bird popu-
lations can be less sensitive to immediate envi-
ronmental change than other groups such as
plants, but they are generally considered valu-
able indicators of biodiversity at landscape
level over an extended period of time. Birds
are relatively easy to identify and study, are
high in the food chain, highly mobile
(enabling broad spatial monitoring) and there
are often large amounts of historical data
available for assessment of temporal change.
However bird populations are regulated by
density-dependent processes, so their popula-
tions are often buffered against environmental
changes (Furness and Greenwood, 1993).

As previously stated, agriculture repre-
sents the most extensive form of land use in
Ireland and much of Europe, and decline in
bird populations and a contraction in the
range of a number of farmland species have
been widely reported over the past 20-30 years
in northern Europe (Marchant et al., 1990;
Fuller et al., 1995; Siriwandera et al., 1998).
Fuller et al. (1995) have shown that the major-
ity of species associated with farmland in the
UK have undergone a contraction in range
and a number of species have declined signifi-
cantly between 1960 and 1990. These declines
have been particularly associated with species
inhabiting arable, mixed and grass farmland,
more so than species associated with other
habitats such as woodland, uplands and wet-
lands over the same time period (Chamberlain
and Fuller, 2002).

In Europe, declines in mean farmland
bird population density between 1970 and
1990 have been greater in Western European
countries than in the former Eastern-block
countries (Donald et al., 2001) These declines
have been associated with increased agricul-
tural productivity in Western Europe at a time
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of decreasing productivity in Eastern Europe
(Donald et al., 2001). The principal changes
in farming associated with the decline in bird
species have been the loss of mixed farming,
the drainage of wet grasslands, loss of rough
grazing, intensification of grassland manage-
ment including increased use of fertilizers and
pesticides, and the overgrazing of upland areas
(Donald et al., 2002).   

In Ireland, a decline in populations and a
decrease in the range of some farmland species
were recorded in the latter quarter of the 20th

century (Newton et al., 1999). The breeding
populations of farmland species such as corn-
crake, grey partridge, lapwing, yellowhammer
and chough declined by more than 50% dur-
ing this period. The Countrywide Bird Survey,
which began in 1998, has shown that these
declines have not necessarily continued in
recent years (Coombes, 2004). Trend analysis
of data for 55 species from 1998 to 2003 sug-
gest that only robin, stock dove, grasshopper
warbler, cuckoo, wheatear and skylark
declined during this time, while a further
twelve species actually increased and the
remaining species showed stable population
densities. Why some insectivorous and graniv-
orous species continue to decline, while others
are apparently stable or increasing is difficult
to answer. However, the Countrywide Bird
Survey has taken place over a period when the
Rural Environmental Protection Scheme
(REPS) and other protection measures are
hopefully beginning to have an impact on the
quality and management of farm habitats.
The situation for migrant species is also com-
plicated by coincident changes in the environ-
ments beyond Europe where they overwinter.

Aquatic  macroinvertebrates
Macroinvertebrates have been extensively used
as indicators in water quality monitoring and
assessment and a variety of biotic indices have
been derived particularly for rivers (Rosenberg
and Resh, 1993).   The indicator potential of
aquatic fauna stems from the fact that their

various components exhibit a wide range of
environmental preferences, and a graded
response to a wide range of anthropogenic
pressures.  Data on aquatic community com-
position are often reported as biotic indices,
such as the Irish EPA Q-value system (Mc
Garrigle et al., 2002), and various indices have
been developed to communicate information
on prevailing water quality or ecological state.
In recent years, comparative analyses have
become more complex and have taken on
board the concepts of ‘reference conditions,’
i.e. conditions of minimal human impact on
biological, hydrochemical and hydromorpho-
logical elements (Bailey et al., 2004), biologi-
cal integrity (Karr, 1991; Karr and Chu,
2000) and aquatic ecosystem health
(Reynoldson and Metcalfe-Smith, 1992).
Comparisons with reference state, as incorpo-
rated in the River InVertebrate Prediction
And Classification System (RIVPACS)
(Wright et al., 2000), permit evaluation of the
extent of biodiversity change or community
restructuring.  Invertebrate data, however, can
often also provide information on the drivers
and pressures causing a shift from reference
condition at scales ranging from reach-level to
catchment or landscape-level. It is likely that
the abiotic and biotic factors structuring
invertebrate communities operate at different
physical and temporal scales (Sponseller et al.,
2001), and thus detailed knowledge of the
river itself and its linkages to the catchment
are required to elucidate the reasons for any
observed change.  These linkages have been
well illustrated by many studies since first pro-
posed by Hynes (1960).   Recent studies have
elaborated on this concept and emphasise four
dimensions relating to the connectivity
between the river and landscape: longitudinal
flow from source to sea, lateral links with the
flood plain, vertical connections to groundwa-
ter and finally the temporal components
(Pringle, 2003).   In terms of the current Ag-
Biota studies, the main objectives are to pro-
vide information of the state of macroinverte-
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brate biodiversity within catchments influ-
enced by intensive agriculture, and to com-
pare community composition and structure
with that found at appropriate reference con-
dition sites.

Further information from Ag-Biota’s
studies justifying the provisional selection of
all the above-mentioned groups as biological
indicators is provided by Anderson et al.,
Santorum and Breen, McMahon et al. and
Baars and Kelly-Quinn within this volume.

II. Identifying the major pressures on biodi-
versity within Irish farming systems
Ag-Biota seeks to support and inform agri-
environmental policy, such as the Rural
Environmental Protection scheme (REPS), by
assisting in the identification of those farm
system and wider landscape management
practices that most strongly impact on biodi-
versity. In this aim, we are essentially seeking
to better understand the main farming ‘pres-
sures’ causing significant biodiversity loss
within the Irish countryside. This will assist
policy making so that REPS and other policy
tools can better address the underlining ‘dri-
vers’ that create such pressures in the first
place (EEA, 1999). Actions 1 and 2 are close-
ly linked in achieving a better understanding
of the relationship between what farmers do
and subsequent effects on biodiversity (Figure
2). 

In achieving this understanding of causal-
ity, we also (in theory at least) assist in the
identification of ‘surro-
gate’ indicators that are
likely to be indicative of
actual trends of change in
biodiversity. Such indirect
indicators are of great
practical significance,
since they can be tracked
with less demand for tech-
nical expertise and
resources than would be
required to routinely sur-

vey a wide range of biological indicators (see
Rath et al., this volume).

Impacts of grassland husbandry 
Ag-Biota is making use of a number of already
existing grassland management experiments
being conducted at Teagasc Research Centres 

These are all conventional replicated plot
experiments contrasting the intensity of grass-
land management systems in terms of nitro-
gen use and stocking rate. None of these
experiments were specifically designed to
investigate effects on biodiversity, and both
high and low input level treatments are being
managed in a largely standardised pattern of
short cycle rotational paddock grazing. This
may explain why, in our analysis of results to-
date, we have found relatively few effects of
input levels on the diversity of either the sward
flora or its arthropod fauna. Even when such
effects have been found, this has required rel-
atively high levels of sampling effort.
Publication of these findings awaits comple-
tion of an ongoing and fuller analysis of all our
data. However, our suspicions that the rela-
tively small treatment effects so far document-
ed in these experiments may be a consequence
of the over-riding effect of the intensive rota-
tional grazing of all treatments is supported by
a much older study (Purvis and Curry, 1981),
which showed that sward structure as influ-
enced by the manner of grazing and conserva-
tion was the primary determinant of arthro-
pod abundance and diversity in agricultural
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Figure 2: The relationship between Actions 1 and 2:
understanding the influences between farming practices
(potential indirect surrogate indicators), biological indica-
tor groups and wider impacts on biological diversity,
arrows represent the underlying relationships being stud-
ied.



grassland. Such a conclusion is also supported
by ongoing Ag-Biota work that is demonstrat-
ing the biodiversity benefits of creating un-
grazed conservation margins at the edges of
rotationally grazed dairy grassland paddocks at
Johnstown Castle.

This paddock margin study was initiated
as a Teagasc-funded Walsh Fellowship investi-
gation of botanical and hoverfly (Syrphidae)
diversity in variously managed fenced margin-
al strips from 1.5 to 3m wide (Sheridan,
2005). Ongoing Ag-biota monitoring of the
experiment has extended observations to a
much wider range of vegetation arthropods.
Results after just one season of these faunal
observations in 2004 are showing a clear
increase in arthropod diversity in all fenced
margin treatments compared to the grazed
paddock. Furthermore, a marked influence on
the relative abundance of different parasitoid
wasp families in the fenced margin strips com-
pared with the grazed pasture suggests that the
composition of the parasitoid wasp fauna
(perhaps reflecting the relative abundance of
different wasp host groups) may be a very sen-
sitive indicator of the influence of grassland
management (Purvis et al., 2005; Anderson et
al., this volume). These results, if borne out in
further monitoring, have important implica-
tions for the development of REPS measures,
which currently seek to limit the intensity of

grassland inputs and actual stocking rates, but
do not address at all the possibility that graz-
ing patterns and the intensity and frequency
of grass defoliation may have a greater impact
on biodiversity. The paddock margin experi-
ment at Johnstown Castle will continue to be
monitored in 2005 in order to determine
whether faunal differences between the differ-
ent fenced margin treatments develop over
time, as might be expected. 

Impacts of farming on adjacent ecosystems
Aquatic macroinvertebrates have been provi-
sionally identified by Ag-Biota as potential
indicators of farming’s impact on biodiversity
beyond the agro-ecosystem itself. As previous-
ly discussed aquatic  macroinvertebrates are
routinely used as bio-indicators of water qual-
ity and the state of freshwater ecosystems. Due
to the integral link between rivers and the
adjacent landscape, changes induced by inten-
sive farming are likely to be reflected in the
faunal biodiversity of freshwater ecosystems at
various spatial scales. To date, in comparison
with streams in reference condition, freshwa-
ter catchments at Action 1 sites show a notable
difference in the faunal diversity and commu-
nity composition (Baars and Kelly-Quinn,
this volume). The observed reduction in bio-
diversity, and the significant changes in the
invertebrate community structure, suggest a
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Table 3: Summary of grassland management experiments being monitored for biodiversity
effects at Teagasc Research Centres



negative impact induced by surrounding land
use practice, which in these catchments is very
largely farming.

Impacts of landscape management
Bird and bee populations have been provision-
ally identified as likely bio-indicators for the
influence of farming on the wider landscape.
Most notably, studies across Action 1 sites
indicate a significant relationship between
field boundary attributes, as quantified by the
Field Boundary Evaluation and Grading
System (FBEGS) (Collier and Feehan, 2003),
and the diversity of both breeding and over-
wintering bird populations (McMahon et al.,
this volume). Should this relationship stand
up to further scrutiny, the FBEGS method
may prove to be a most useful surrogate for
monitoring ongoing change across the farmed
landscape.

The next step in developing indicator methods
Having identified a very provisional set of
potential bio-indicators and uncovered ‘hints’
regarding some of the more important influ-
ences of farm management on these groups,
our next step is to extend our monitoring to a
larger number of sites, with the following pri-
mary aims:
• To provide a more rigorous and compre-

hensive test of our initial findings with
respect to the selection of indicator
groups and refinement of sampling proto-
cols.

• To provide an alternative approach to
identifying the major husbandry/farm
management pressures on biodiversity
using multivariate analyses of the rela-
tionships between farm system and land-
scape management characteristics and the
diversity of appropriate bio-indicator
groups. 

In this next phase of monitoring, Ag-Biota
will test the insights gained from our earlier
work by collection of a larger, independent
data set relating to the diversity of sward flora

and fauna and bird populations at approxi-
mately 50 randomly selected commercial
farms located in south-east Ireland, along with
relevant data relating to farm system and land-
scape characteristics. The resulting compre-
hensive data set will help to address many
questions relating to the selection of indicators
and the development of assessment systems to
track the ongoing impacts of agriculture on
biodiversity.

III. Utilising the ecological and agronomic
benefits of biodiversity in agricultural sys-
tems
That many biological populations within
agro-ecosystems have an indispensable ecolog-
ical role and an intrinsic agronomic value is
not a new revelation, but warrants restatement
in the light of the current, and arguably quite
justified preoccupation with wider conserva-
tion issues in biodiversity research. Farm pro-
duction systems essentially depend upon the
effective management and exploitation of
complex natural biological processes.
Although there has been an increasing tenden-
cy to forget or even ignore this fact in the
development of more intensive farm systems,
it nevertheless remains a truism that many
biological processes and the populations asso-
ciated with them remain essential to ecologi-
cally sustainable agriculture (Altieri, 1999). As
a consequence, a large part of Ag-Biota’s
research effort is focussed on such functional-
ly important populations within the agro-
ecosystem.

Biodiversity and primary production
The benefits of botanical diversity in agricul-
tural grasslands depend on the environmental
and managerial conditions in which the plants
are grown. In controlled experiments in which
growth resources (e.g. nutrients, trace ele-
ments and water) are not limiting and external
stresses (e.g. water stress, selective grazing and
sward damage) are largely absent, the plants in
a sward effectively compete for light.
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Competition for light is a positive feedback
process, eventually favouring the dominance
of species that convert light energy into above-
ground biomass most efficiently (Schulte et
al., 2003). Such conditions are commonly
maintained in the herbage variety trials that
determine recommended seed lists; this has
resulted in the adoption of recommended seed
mixtures comprised exclusively of varieties of
perennial ryegrass (Lolium perenne) and white
clover (Trifolium repens).

However in actual farming practice,
resources for plant growth are rarely uniform-
ly distributed and unlimited, and meteorolog-
ical and managerial stresses are the norm
rather than the exception. In such conditions,
experiments that have manipulated the diver-
sity of plant species and/or functional groups
in plant communities have generally (but not
always) found positive relationships between
diversity and above ground biomass (Hector et
al., 1999).

There are multiple mechanisms by which
such positive effects may come about.
Increased resource utilisation is one such
mechanism, whereby more diverse mixtures of
species more fully use available resources due
to niche differentiation e.g. more diverse plant
communities may have greater root or canopy
volume for capturing more soil nutrients and
light, respectively. As an example, soil nitrate
concentration reduced as plant species rich-
ness increased in experimental manipulations
ranging from 1 to 24 species (Tilman et al.
1996). Positive species interactions are anoth-
er mechanism, and include the role of nitro-
gen-fixing legumes in increasing the availabil-
ity of nitrogen to other plant species. Another
is the sampling effect, which refers to the
greater probability that a mixture of species
will contain a dominant productive species
than a particular monoculture (Bolger, 2001).

There appears to be a widespread general-
ity to the finding that diversity supports more
effective ecosystem functioning. For example,
more diverse agricultural seed mixtures were

found to increase the productivity of hay
meadows established on ex-arable land
(Bullock et al., 2001). Species and genetic
diversity of plants in European grasslands may
bring benefits to agriculture through effects
on biomass production, retention of soil
nutrients and water use (Minns et al., 2001,
Joshi et al., 2001). In an experiment replicat-
ed across sites in Europe to assess the benefits
of grass/legume mixtures, results from the first
year of sampling suggest that mixing grass and
legume forage species enhanced above-ground
biomass and decreased the proportion of
unsown species (Kirwan et al., 2005). In addi-
tion, plant species mixtures facilitate a greater
diversity of interactions at both higher (e.g.
pollinators, herbivores, predators and para-
sitoids) and lower (e.g. mycorrhiza) trophic
levels. In one of the largest agricultural studies
ever conducted, thousands of farmers in
Yunnan Province in China planted mixtures
of two rice varieties, instead of the traditional
planting of a single variety. Resulting yields
increased by 89% and the severity of rice blast
(a severe fungal disease of rice) was reduced by
94% (Zhu et al., 2000).

Biodiversity and soil processes
The linkages between soil organisms and the
key processes that influence soil quality, fertil-
ity and plant growth are widely recognised but
still poorly understood. To date, no clear rela-
tionship between soil biodiversity and ecosys-
tem function has been established, and most
experimental studies tend to support the
‘redundant species’ hypothesis, i.e. they do not
demonstrate improved functionality at higher
levels of species richness (Wolters, 2001;
Bolger, 2001). This is perhaps not surprising
given the enormous diversity of the soil biota,
the complexity of soil food web interactions
and the multiplicity of functions in which soil
organisms participate. As pointed out by
Bengtsson (1998), there is no direct mecha-
nistic relationship between diversity and
ecosystem function; the crucial issue is what
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those species that are present actually do.
Thus, in the context of sustainability, there is
a particular need to understand the linkages
between key species or functional groups and
ecosystem processes. 

Defining functional groups that are rele-
vant to key ecosystem processes, and refining
the criteria for assigning species or higher taxa
to these functional groups are important areas
for research. Currently taxa are often assigned
to functional groups on the basis of question-
able assumptions about trophic interactions,
which are frequently inferred from gut con-
tent analysis or laboratory studies on model
species. These studies may not reliably reflect
the full range and strength of trophic links in
the field and take no account of potentially
important non-trophic interactions. Novel
techniques, such as the use of stable isotopes
and molecular PCR methods (see below), pro-
vide new and powerful tools for investigating
trophic relationships and matter fluxes in
ecosystems.

Soil biodiversity can sometimes be nega-
tively correlated with increasing levels of fertil-
ity, at least in the case of invertebrates in habi-
tats managed for agriculture (Curry, 1986,
1994). The invertebrate communities of semi-
natural grasslands tend to be complex and
species-rich, reflecting the varied habitats and
resources that are provided by diverse vegeta-
tion and a well-developed litter layer. By con-
trast, micro-arthropods tend to be less abun-
dant and less species-rich in ryegrass-dominat-
ed, intensively managed swards where soil
organic matter is rapidly decomposed and
mineralized. In such conditions some groups,
notably lumbricid earthworms, can benefit
greatly from the increased fertility and high
quality plant litter, and their biomass tends to
be positively correlated with management
intensity (Muldowney et al., 2004). Such rela-
tionships are the subject of ongoing Ag-biota
investigations. Earthworms in turn exert a
profound influence on soil fertility and struc-
ture and on the nature of the soil as a habitat

for other biota, particularly micro-organisms.
These effects are seen clearly when earth-
worms become established in soils from which
they were previously absent (Hoogerkamp et
al., 1983; Stockdill, 1982; Vimmerstedt,
1983; Boyle et al., 1997). However, our cur-
rent understanding of how earthworm activity
influences the diversity of other soil organisms
is particularly limited (Brown and Doube,
2004; Parkinson et al., 2004). 

Biodiversity and trophic interactions
Linking biodiversity with ecosystem functions
in grassland systems requires detailed knowl-
edge of soil–plant–animal trophic relation-
ships at species or functional group level
(Jones and Bradford, 2001). For example,
detritivorous soil invertebrates such as earth-
worms, which were previously regarded as
simply ‘omnivores’, comprise different feeding
guilds that play quite dissimilar functional
roles in processes such as organic matter
decomposition (Briones and Schmidt, 2004).
Until recently, traditional research methods
have provided limited information concerning
these subtleties. However, stable isotope ratio
analysis of biologically relevant light elements
offers a powerful research tool to reveal and
quantify trophic linkages in food webs. The
strengths of these techniques are that they can
be applied to study real, undisturbed food
webs in the field, they reflect assimilated
rather than ingested dietary components, and
they can be used to quantify matter fluxes
between compartments or organisms as func-
tional processes.

Stable isotope ratio techniques measure
the ratios of stable isotope pairs, such as
13C/12C (carbon), 15N/14N (nitrogen) and
34S/32S (sulphur), usually by isotope ratio
mass spectrometry (IRMS) (Scrimgeour and
Robinson, 2004). Two broad approaches have
been found useful in ecological studies, name-
ly natural abundance and tracer addition
methods. Natural abundance methods mea-
sure the ratios of naturally occurring stable
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isotopes and thus reflect undisturbed, in situ,
processes. In animal ecology, this approach
relies on known isotopic changes (fractiona-
tions) that occur along food chains to infer
food sources from C and S isotope ratios,
which undergo little fractionation, and the
trophic level of animals from their N isotope
ratios, which increase along food chains in a
step-wise fashion (Schmidt et al., 2004). For
example, known C isotopic differences
between C3/C4 photosynthetic plants can be
exploited to quantify host plants in the diets
of insect pests (Ponsard et al., 2004). Also, N
isotope ratios have recently been used to show
that 36 coexisting species of minute soil mites,
which traditionally have been difficult to
study by any other method, occupy up to four
different trophic levels within food chains
(Schneider et al., 2004). 

Deliberate introductions of isotopically
enriched tracers can provide increased resolu-
tion, which facilitates tracing elements
through food chains at smaller scales, e.g in
micro-plot experiments. Grass biomass, for
instance, can be isotopically labelled to trace
the fate of C and N from decomposing plant
residues into different compartments of soil
food webs (Schmidt and Scrimgeour, 2001).

The research within Ag-Biota on stable
isotope techniques (Action 3 in part), ideally
complements the main focus of the wider pro-
ject, namely the conservation and utilisation
of biodiversity in grassland ecosystems. One
specific objective of this research is to develop
stable isotope techniques for the investigation
of trophic, and thus functional, diversity of
ground beetle (carabid) populations. These
beetles are generalist predators or omnivores,
important in pest control (see below). The
natural abundance of C and N isotope ratios
are being used in Ag-Biota to investigate their
feeding ecology. Of particular interest is the
extent of polyphagy in these predatory species,
some of which feed on both plant pests (e.g.
aphids, slugs) and other detritivorous soil ani-
mals such as earthworms and springtails

(McNabb et al., 2001), and the significance of
the abundance and diversity of alternative
prey to polyphagous predator populations and
pest regulation. Such knowledge will facilitate
the development of crop management prac-
tices that better utilise natural mechanisms of
pest control and maximise the functional
exploitation of biodiversity for pest manage-
ment. Another objective of this research is to
quantify the role of different coexisting earth-
worm species belonging to different function-
al groups in the incorporation and decompo-
sition of cattle dung triple-labelled with 13C,
15N and 34S. This work will facilitate the
quantification of dung-feeding activity in
undisturbed field populations of individual
earthworm species based on measured isotopic
enrichment over time, and will strongly com-
plement more theoretical studies of the func-
tional significance of diversity in earthworm
community structures (Action 4 – see Section
IV below).

Biodiversity and pest control
Following a period of heavy reliance on chem-
ical pest control methods in an attempt to
‘override’ and ‘control’ nature, increasing
attention is now being paid to a much broad-
er range of pest management methods
(Metcalf and Luckmann, 1994). These
include the implementation of an increasingly
sophisticated range of biological pest control
methods, including the achievement of natur-
al pest regulation through the conservation of
native natural enemy populations (Van
Driesche and Bellows, 1996). The manage-
ment of biological diversity and agricultural
pest ecology are therefore closely inter-linked
(Price and Waldbauer, 1994). 

A large body of both theoretical and prac-
tical research has shown the parasitoid wasps
(Hymenoptera: Parasitica) to be particularly
effective natural enemies of insect pests (e.g.
Waage and Greathead, 1986; Waage, 1990). It
is therefore, particularly relevant that the
diversity of this particular insect group should
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be showing such promise in our Action 1 and
2 studies as a potential bio-indicator of wider
insect diversity and grassland husbandry in
agro-ecosystems. Less obviously, many gener-
alised (non-specific) predatory insects, includ-
ing beetles in the families Carabidae and
Staphylinidae and spiders of the family
Linyphiidae are potentially very abundant and
important predators of a wide range of pest
groups, especially aphids. However, this fact
has only been fully appreciated since the
advent of molecular methods of predation
diagnosis in predators that might not ingest
solid recognisable fragments of their prey
(Sunderland et al., 1987; Symondson, 2002).
Such findings have generated a considerable
literature relating to the population ecology
and ecological significance of such polyphagous
predator populations in agro-ecosystems
(Lovei and Sunderland, 1996; Kromp, 1999;
Holland and Luff, 2000; Nyffeler and
Sunderland, 2003). Recent improvements in
the sophistication of molecular methods of
prey detection have resulted in the possibility
of detecting the presence of multiple prey
species within a single individual predator
(Agusti et al., 2003). This technology now
rivals the use of stable isotopes as a basic inves-
tigative tool for studying both the theoretical
and practical significance of both predator and
prey biodiversity within agro-ecosystems
(Symondson et al., 2002) and is being used
specifically in Ag-Biota studies investigating
the ecology of aphid vectors of barley yellow
dwarf virus (BYDV).

Biodiversity and pollination
Bees are among the most important pollina-
tors of crops and wild plants. Other insect
groups may collect pollen and nectar for their
own consumption. However, bees also collect
pollen and nectar to provide for the next gen-
eration. Hence they make more flower visits
than other insects and are well known to show
constancy to individual plant species while on
foraging trips (e.g. Corbet et al., 1991). Bees

with different tongue lengths visit flowers
with different corolla lengths – this results in
an effective partitioning of the available for-
age, but also demands the presence of differ-
ent bee species for the effective pollination of
a range of different plant species. The farm-
land flora is effectively divided amongst differ-
ent pollinating species (Proctor and Yeo,
1973) and plants and their pollinators are
inter-dependent. Many crops of national
importance depend to a large extent on polli-
nation by bees, including bumblebees. The
seed set of forage species such as red clover,
crops such as oilseed rape and beans, and
fruits such as apple, raspberry and strawberry
either depends on, or is enhanced by, bee pol-
lination (see Corbet et al., 1991 for a compre-
hensive listing). Sometimes natural pollina-
tion can be supplemented by providing hon-
eybee colonies. However, bumblebees can be
more effective pollinators of some crop types,
such as red clover, and the keeping of honey-
bees is currently under economic pressure
from a major pest problem in the form of
Varroa mite infestation of bee hives.

Ag-Biota studies on the ecology of beneficial pop-
ulations in the agro-ecosystem
Recognising the need for greater information
concerning the ecology of specific populations
and more effective utilisation of the ecological
benefits of biodiversity within agro-ecosys-
tems, the Ag-Biota project includes nine indi-
vidual postgraduate studies addressing a wide
range of the above issues (Table 4).

IV.  Alternative experimental approaches to
studying the functional significance of biodi-
versity
Central to resolving current controversies in
biodiversity/function research is a growing
appreciation of the roles of different experi-
mental designs in biasing the results and inter-
pretation, i.e. experimental design may con-
found the determination of the relative contri-
bution of different facets of biodiversity
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(Connolly et al., 2001a; Allison, 1999). In
most previous experiments, the separate
effects of community structure and ecosystem
function and the manner in which they inter-
relate have not been addressed, nor has this
interaction generally been studied across cli-
matic and management regimes. Importantly,
most experiments have used replacement
designs, which have been criticised for con-
taining confounded species density treatments
and size-bias; few have used more than two
species (e.g. Gibson et al., 1999; Connolly et
al., 2001b).

A new system of design and ecological
modelling is being developed to provide a
framework to investigate questions of func-
tion at community level and of structure and
competition at the level of species. It provides
a set of statistical models that allow the sepa-
rate assessment of initial overall abundance,
species richness, species evenness and environ-
ment.  The proposed experimental designs are
based on the simplex (Cornell, 1990) at each
of at least two overall densities.  For s species,

each experimental community will consist of
up to s species and can be represented as a
point in an s-1 dimensional simplex. For three
species (Figure 3), the simplex vertices repre-
sent monocultures of each species and the cen-
tral point a mixture in which the initial abun-
dance of all species is equal. A design consists
of stands defined by two simplexes, each at a
different levels of total initial abundance The
simplex methodology provides a simple
framework for selecting communities. The
design selected will depend on s, the number
of species, on whether one is primarily inter-
ested in questions of function or structure, the
complexity of the models to be fitted and con-
siderations of design power. Designs for larger
numbers of species, which are not excessively
large in number of experimental stands
required, can be constructed.

Statistical models are proposed for the
analysis of data from these experiments. For
functional responses such as yield, the models
contain terms that assess the effects of species
identity, overall initial abundance, environ-
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Table 4: Summary of individual Ag-Biota studies on the ecology and agronomic significance
of floral and faunal populations in farmland.



ment, species interaction and evenness. The
interaction terms are interpretable as synergis-
tic and antagonistic inter-specific relationships
whose impact on the response depends on
stand evenness. For structural responses, the
RGRD (relative growth rate difference) mod-
els proposed by Connolly and Wayne (2005)
and Ramseier et al. (2005) allow assessment of
the effects of species identity, initial species
abundance and environment as determinants
of change in community biomass composi-
tion. 

Based on this approach, separate experi-
ments have been made on community func-
tion and structure in mixtures of four plant
species (two grass and two clover species) and
on the functional diversity of earthworms.
The former experiment is part of an interna-

tional experiment with identical
design repeated at more than 40
sites, mainly in Europe under
the aegis of COST852. This
study has now been closely inte-
grated with the work of Ag-
Biota, allowing the monitoring
of effects on sward arthropod
populations at the Irish site of
this originally botanical experi-
ment at the Teagasc Johnstown
Castle Research Centre. Results
from the first year of botanical
observations have shown that
there is a positive effect of
increased species richness on
yield and on the ability of the
sward community to resist inva-
sion by unsown species. The
advantage of this experimental
structure is that we can also see
an effect of evenness. The more
even the community structure,
the more pronounced the effect
of species richness. A further
advantage of this experimental
structure is that we can test for
functional group effects. There

was no effect on yield or resistance to invasion
from mixing two grasses or mixing two
legumes. There was however, a marked effect
due to mixing a grass with a legume (regard-
less of species).

Our earthworm studies, also based on the
novel simplex experimental design, investigat-
ed the effects of earthworm functional group
diversity on nitrogen dynamics in soils. The
experiments have been carried out at two over-
all earthworm densities, with varying commu-
nity structures and at two levels of food supply
and variable temperature regime. The meso-
cosm experiments use Plexiglas cylinders
(15cm diameter x 30cm depth) containing
2.65 litres of soil as experimental units and
leachate is being collected and analysed week-
ly. Soil nitrogen content and microbial activi-
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Figure 3: A Simplex design for investigation of the
functional influence of community structure in a com-
munity of three species; marked points represent the
proportional incidence of each of the three species in
a limited number of possible experimental combina-
tions, e.g. points at the apices A, B and C represent
‘pure stands’ of each individual species, whilst the
central point represents an experimental community
structure in which all three species are equally rep-
resented.



ty are measured when the units are sampled
destructively at the conclusion of the experi-
ments. Results available show a differential
effect of different earthworm functional
groups on N dynamics. There are also obvious
effects of population density, resource avail-
ability and temperature regime. A significant
synergy exists between worms that live deeper
in the soil and those that burrow vertically in
terms of nitrate in soil. Differential effects of
food supply were seen for the three functional
groups. For example, there were reduced con-
centrations of nitrate-N in the leachate from
the monocultures containing species that bur-
row vertically at low levels of food supply,
while increased amounts were leached from
units containing surface-dwelling species
under the same conditions. 

Food supply was the major driver leading
to increased microbial activity and biomass.
Increased earthworm biomass had the oppo-
site effect. In the lower soil layer, the presence
of surface feeders which produced vertical
burrows had the greatest effect on microbial
populations and activity. This effect was
enhanced with increased food supply. 

Overall, the relationship between earth-
worm functional group diversity and micro-
bial functional diversity depends on the com-
position of the earthworm assemblage and the
effect of the earthworms varies with soil layer,
initial biomass and food supply. It is also
apparent that nitrogen transformations and
amounts available in soil water are dependent
on the composition of the earthworm com-
munity.

V. Conclusions
Ag-Biota has made a significant start in under-
taking research targeted at policy development
specifically within the context of protecting
and utilising biodiversity in agricultural sys-
tems. This is important considering the
potential influence that agriculture has within
the Irish landscape. In addressing concerns
about biodiversity loss, the conservation of

endangered species and protection of the
declining number of ‘special’ habitats we still
have is critically important and quite correctly
receives widespread attention. From both a
conservation and functional perspective, how-
ever, the protection of biodiversity within the
variously managed agro-ecosystem, which rep-
resents the greater part of our natural heritage,
is also extremely important. Without due
attention and left unchecked, the potential
contribution of changes in traditional agricul-
tural systems to the loss of Irish biodiversity,
and the possible ecological consequences of
this loss for key agro-ecosystem processes are
likely to be profound. Ag-Biota’s work pro-
gramme covers a necessarily very broad range
of topics – but even so, this covers only a sub-
set of the many potential biodiversity issues in
agriculture: we are not, for instance, address-
ing the important issue of the conservation of
genetic resources in agriculture. Ag-Biota is,
however, addressing important practical ques-
tions regarding the selection of appropriate
indicators and the development of knowledge
necessary for the development of future mon-
itoring/surveillance systems. At the same time,
we are researching a wide selection of highly
specific ecological/functional questions relat-
ing to the better utilisation of biological diver-
sity within the agro-ecosystem, the develop-
ment and use of new tools for ecological inves-
tigation (such as stable isotope analysis and
molecular methods), and asking quite funda-
mental questions concerning the ecological
value of biodiversity using novel approaches to
experimental design. As such, the Ag-Biota
project represents a considerable investment
in Irish biodiversity research at a time of
increasing recognition of the important role of
agriculture in managing and maintaining bio-
logical diversity in the Irish countryside.
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