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Summary

The Republic of Ireland’s Rural Environment Protection Scheme, or REPS, is one of a 

suite of agri-environment schemes around the EU that aim to mitigate the negative 

environmental impacts of farming. Approximately 40% of farmers in the Republic of 

Ireland have joined the scheme since its introduction in 1994. The objectives of this 

research are to examine the effects that certain REPS measures may be having on plant 

and insect species diversity, and to propose a basis for the effective monitoring of the 

impact of REPS on biodiversity with particular reference to the establishment of baseline 

data.

Chapter I deals with the development of agri-environmental policy in the EU and the 

emergence of the REPS. Little ecological evaluation of the scheme has been done to 

date, and in particular, evaluation of the scheme’s impact on farmland biodiversity has 

been neglected. The rationale underpinning the expectation that certain REPS measures 

should have a beneficial effect on the diversity of flora and fauna is discussed in Chapter 

2

Fieldwork was conducted on 60 grassland and tillage farms in Counties Laois, Offaly and 

W exford during 1999 and 2000. Equal numbers of REPS and non-REPS farms were 

included in the study. Selected REPS farms had been in the scheme for at least four 

years. Hedges, field margins and watercourse margins were surveyed using quadrat 

methods and pitfall trapping.

Flora results are discussed in Chapter 4. On surveyed grassland farms, the average (per 

farm) plant species richness of non-REPS field margins was significantly higher than that 

of REPS farms. However, the collective species richness of all REPS grassland field 

margins was higher than that of all non-REPS field margins. Fenced-off watercourse 

margins were not found to have a more diverse flora than unfenced margins. Tillage field 

margins were significantly wider on surveyed REPS farms than on non-REPS farms and 

results of soil tests showed that P levels in REPS tillage field margins were significantly
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lower than those on non-REPS farms. Despite these factors, plant species richness did 

not differ significantly between the two groups of farms.

Chapter 5 contains the results of the pitfall trapping surveys. There was no significant 

difference between the ground beetle species richness of REPS and non-REPS grassland 

farms, although certain species were notably more common on one or other group of 

farms. A higher abundance of beetles was trapped in the REPS tillage field margins, with 

certain beetle species being found at much higher densities in the wider margins. Since 

many ground beetles are predators of crop pests, this is an encouraging sign that the 

wider margins may facilitate the natural biological control of crop pests. A significantly 

greater number of shrews were trapped in REPS compared to non-REPS tillage field 

margins.

In ordination analysis of the plant and insect data, factors largely independent of recent 

management such as the age of the hedge and the level of ‘gappiness’ of the hedge 

emerged as important determinants of the plant and ground beetle field margin 

communities. The effects of more recent management may often be obscured by these 

influential habitat factors. Baseline data and ongoing monitoring are necessary to 

distinguish, and to adequately evaluate, the effects of REPS measures. Guidelines for the 

establishment of baseline data and for the long-term monitoring of schemes such as the 

REPS are outlined in Chapter 6, and recommendations for changes to the measures 

assessed by the research are made. These recommendations include a widening of the 

input-free field margin area, improved communication to farmers of the rationale behind 

this and other measures and a re-evaluation of the requirement to fence off smaller drains 

on grassland farms. The distinct agri-environmental roles fulfilled by the REPS and by 

Good Farming Practice (GFP), and the urgent need to explicitly distinguish them in 

policy terms, are discussed.
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Chapter 1

The Rural Environment Protection Scheme (REPS) and the 

development of European Union agri-environment policy

The origin and growth of the agri-environment movement in the EU is described.

Sections 1.1 and 1.2 outhne some important features of Irish agriculture, summarising the 

modernisation of the sector. The Common Agricultural Policy and the legislative 

underpinning of agri-environment schemes are outlined in Section 1.3. Finally, the 

history of the REPS is explained, its measures listed and subsequent changes to the 

scheme enumerated.

1.1 Agriculture in Ireland

Agricultural land use, including rough grazing, accounts for almost 71% of the total land 

area of the state. This is by far the largest proportion of agricultural land in any European 

Union country (Lafferty et a l ,  1999). Irish agriculture is essentially mixed livestock 

production based on grass with some arable cropping, with pastoral activity being 

overwhelmingly predominant: approximately 80% of Ireland’s agricultural output is 

derived from grass-based enterprises (Gillmor, 1989, Lafferty et ah, 1999). Factors 

contributing to this include Ireland’s suitable climate and soils, and the existence, 

particularly in the United Kingdom, of traditional markets for beef and dairy produce. 

Agriculture is a very important sector of the Irish economy. It accounts for around 7% of 

gross domestic product, 7.2% of total exports and 10.3% of total employment. Cattle 

raising and dairying are by far the most important sectors of the agricultural industry and 

livestock (mainly cattle) and livestock products (principally milk and beef) account for 

over 85% of the value of gross agricultural output. Given that agriculture is one of
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Ireland’s most important industries, changes in European Union agricultural policies are 

of greater significance for the economy and environment of Ireland than for any other 

Union member state (Quigley, 1994). The geography of Irish agriculture is discussed by 

Gillmor (1977), Homer et al. (1984) and Lafferty et al. (1999).

Prior to Ireland’s accession to the European Union (then the European Community) in 

1973, Irish agriculture had long been heavily export-orientated and the industry already 

enjoyed a protected domestic market and export subsidies (Quigley, 1994). A principal 

attraction of EU membership for Ireland had been the access to greatly expanded markets 

for agricultural products, and the major financial support for fanning under the Common 

Agricultural Policy (hereafter referred to as ‘the CAP’). Following accession, the market 

remained distorted due to the support-driven elements of the CAP.

During the seventies farming incomes in Ireland rose by approximately 70%, while the 

volume of gross output rose by 35%, with many farmers investing in improved farm 

infrastructure and dwellings. However, only 25-30% of farms achieved this increase. On 

the whole, Ireland has been a major net beneficiary of the CAP. However, the price- 

support policy of the CAP has contributed to the development of a two-tier agricultural 

economy in Ireland, because the greatest benefits have accrued mainly to farmers who 

had a strong resource base with high levels of output and income. One of the most 

enduring obstacles to economic prosperity in Irish agriculture has been the inherent 

structural problems of the rural economy. Almost half of the land area of the country is 

characterised by large proportions of small uneconomic holdings that are marginal in 

terms of agricultural productivity (Quigley, 1994, Lafferty et a l ,  1999). There was a 

33% decline in the number of farms between 1975 and 1995, with a consequent rise in 

the average size of farm holdings. Direct employment in agriculture has fallen from 38% 

of the State’s total labour force in the early 1950s to approximately 10% today (Lafferty 

e ta l ,  1999).
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1.2 Agricultural modernisation in Ireland and its effects

The modernisation of the Irish agricultural sector has had both beneficial and detrimental 

effects on the rural environment (Gillmor, 1997; Quigley, 1994). The principal 

characteristics of agricultural intensification in Ireland include increases in the levels of 

investment in mechanisation and farm buildings, increases in livestock density, especially 

involving housed animals, and increases in farm inputs, including inorganic fertilisers 

and concentrated feedstuffs. These changes have accompanied shifting patterns of land 

use, with more regional specialisation of farming enterprises.

In the 1970s there was a considerable increase in the mechanisation of Irish agriculture. 

Tractor numbers increased by 72.4% during the decade (Homer et al., 1984), and 

substantial removal of hedgerows followed in order to increase field size, allowing for 

more efficient use of machinery. A study indicates that 16% of all hedges were removed 

between 1938 and 1988 (Webb, 1988). Although this figure is larger in many other 

W estern European countries, Irish hedgerows are disproportionately important as wildlife 

habitats because of the very low proportion (0.5%) of broadleaved woodland in the 

country (Temple Lang and Hickie, 1992).

Since the mid-1980s there has been a significant shift from hay-making to silage 

production as a source of winter fodder. The greater independence of silage-making from 

the weather gives it a distinct advantage over hay in the Irish context. Important features 

of silage are the increased nitrogen input with which silage-growing is associated, the 

earlier cutting dates compared to hay and the very high BOD (Biological Oxygen 

Demand) of the effluent which necessarily results from the production of silage. The 

BOD of silage effluent is 65 x 10’ mg 1', which is extremely potent. As a rough guide, 

one ton of silage produces 160 litres of effluent where the moisture content of the grass is 

80%. Silage making commonly coincides with periods when rivers and stream flows are 

low, such that a modest discharge from the silage clamp can have a devastating effect on 

water quality (Morgan and O ’Toole, 1992). During the exceptionally dry summer of 

1987 a total of 122 fish-kill incidents were recorded, 95 of which were attributed to
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agricultural sources. This led to a campaign to increase awareness among farmers, and 

the situation improved thereafter (Quigley, 1994). The earlier cutting dates associated 

with silage threaten the corncrake {Crex crex), the Irish population of which has declined 

by at least 30% between 1980 and 1994. With an estimated 20% of the European 

population of the species resident in Ireland, this decline is a matter of serious concern.

In addition to growth in the size of the national cattle herd since entry to the EU, there 

has been considerable restructuring within both the beef-cattle and dairying sectors. 

During the period after EU entry (between 1973 and 1989), the number of farms with 

cattle declined by 27.4% while the average size of cattle herds increased by 24.3%, a 

trend which was even more marked in dairying: in the same period the number of farms 

with dairy cov/s decreased by 60.3% while herd size increased by 147%. The pig and 

poultry industries have undergone an extreme level of intensification and rationalisation, 

discussed by Harte (1992) and Quigley (1994).

In the Irish sheep sector, LFA (Less Favoured Area) headage payments during the 1980s 

and 1990s led to a large increase in stocking density in areas of western Ireland. Much 

concern has been expressed about the environmental damage that can potentially result 

from overgrazing, especially in upland areas (Bleasdale and Sheehy Skeffington, 1992) 

and in fragile coastal ecosystems such as machairs (Quigley, 1994). Research in 

Connemara has suggested that LFA headage payments and ewe premiums have 

encouraged farmers to overstock the hills, leading to major habitat loss, with little heather 

moorland remaining intact (Bleasdale and Sheehy Skeffington, 1992). Changes to 

agricultural policies concerning commonage areas have led to an improvement in the 

situation (Dept, of Arts, Heritage, Gaeltacht and the Islands, 2002).

Another feature of the intensification of Irish agriculture has been the increased 

application of inorganic fertilisers on agricultural land. While artificial phosphorus (P) 

and potassium (K) applications have not increased significantly, nitrate (N) fertiliser use 

has increased substantially since just prior to Ireland’s accession to the EU. The quantity 

of artificial nitrate applied in Ireland is approximately equal to the quantity that is derived
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from animal manure (Quigley, 1994). Despite their steady increase in use, however, the 

amounts applied are considerably lower than in most other EU countries, and the risk of 

serious water pollution from this source is regarded by some authors as relatively small 

(Morgan and O ’Toole, 1992). It has been shown that the proportion of arable land may 

be a factor affecting nitrogen levels: Thom and Coxon (1992) found that 30% of sample 

sites in a predominantly tillage area of eastern Ireland had N levels exceeding the 

maximum permitted by the European Council Directive on protection of waters against 

pollution caused by nitrates from agricultural sources (91/676/EEC). However, point 

sources of pollution such as slurry and silage pits may have contributed to these high 

levels, and indeed chemical parameters which tend to be associated with point sources of 

contamination were more frequently elevated in the high nitrate wells surveyed (Thom 

and Coxon, 1992).

Ireland has a long history of land improvement through both arterial and field drainage 

projects dating from the 1840s when many rural areas experienced severe population 

pressure. Labour-intensive drainage work helped to create employment during the mid- 

1800s and the notion of drainage as ‘improvement’ or ‘betterment’ remained ingrained in 

the rural Irish tradition thereafter (Kelly, 1998). In the period 1950-1990 the rural 

landscape of Ireland was transformed by the draining of an estimated 20% of farmland. 

Once Ireland joined the EU a new impetus was given to arterial drainage works, the most 

substantial financial assistance for which came in the form of the Western Drainage 

Scheme, introduced under EC Directive 78/628 (Quigley, 1994). As a result of these 

land reclamation and drainage policies, large areas of ecologically valuable land have 

been lost.

Overall, the increase in intensification of Irish agriculture has led to an increase in 

pollution, a reduction in biodiversity and a lessening of the visual attractiveness and 

historical interest of the landscape (Gillmor, 1997). It has also contributed to the 

establishment in Ireland of a more productive, competitive and modernised farming 

industry. Overall, levels of environmental deterioration have been small when compared

5



with those other northern European countries whose agricultural sector is more intensive 

and arable-dependent.

1.3 The Common Agricultural Policy (CAP) and the emergence of 

agrl-envlronment policy

The objectives of the CAP as they appear in the Treaty of Rome (1957) were:

1. To increase agricultural productivity;

2. To ensure a fair standard of living for agricultural communities;

3. To stabilise markets;

4. To ensure that consumers are adequately supplied with agricultural produce at 

reasonable prices.

In addition, it is stated in Article 39 of the Treaty that ‘account should be taken of the 

particular nature of agricultural activity which results from the social structure of 

agriculture and from structural and natural disparities between the various agricultural 

regions’.

The CAP aims to achieve its objectives by the dual mechanism of direct price support for 

farmers, on the one hand, and indirect funding to improve the infrastructure and 

economic viability of farmers with development potential on the other. In practice the 

support element of the policy has accounted for most of the financial provision, generally 

totalling over 90% but now declining. The CAP has at times accounted for over 70% of 

the Community budget, and in 2002 it stands at approximately 60%.
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1.3.1 The early development of the CAP

The ‘Mansholt Plan’ of the 1960s aimed to rationalise farming in the European Union by 

supporting the technical upgrading of potentially productive farms, while encouraging 

uneconomic operators to retire or transfer to off-farm employment, thus releasing more 

land for fewer farmers. Three structural directives, introduced in 1972, retained these 

ideas: the Farm Modernisation Scheme (Directive 72/159/EEC), the directive on 

retirement of older farmers and redistribution of their land (Directive 72/160/EEC) and 

the scheme for socio-economic guidance and vocational training (Directive 72/161/EEC). 

One of the most significant aspects of these directives was that they began to recognise 

clearly the existence of two types of farming in the EU: commercial, in which farmers 

would benefit directly from market policy, and non-commercial, requiring infrastructural 

support to compensate for disadvantage. In 1976, the Scheme for Farming in the Less- 

Favoured Areas (LFAs) was introduced (Directive 75/268). Under the scheme 

compensatory income supplements, in the form of headage payments, were paid to 

farmers in designated areas, which in Ireland were predominantly located in the western 

half of the country (Gillmor, 1977).

However, the linking of price-support to agricultural production was leading to a spiral of 

environmentally damaging intensification and overproduction. Between 1973 and 1988 

the volume of agricultural production in the EU had risen by 2% per annum, while 

consumption rose by only 0.5% per annum (CEC, 1991). For Ireland and elsewhere, the 

notion of increasing the productivity of Less Favoured Areas in order to produce yet 

more food was ultimately irreconcilable with attempts to reduce the level of food 

production in the EU as a whole (Quigley, 1994).

There were moves towards stabilising agriculture in the late 1980s. These included the 

Council Regulation on Improving the Efficiency of Agricultural Structures (Reg. 797/85), 

and the Agricultural Structures Directive (1760/87), which dealt with the ‘adjustment of 

agriculture to the new market situation and the preservation of the countryside’. This saw
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a move towards extensification of agriculture and the provision of grant aid to maintain 

environmentally sensitive areas.

CAP expenditure continued to escalate, with the EAGGF (European Agriculture 

Guidance and Guarantee Fund) guarantee budget increasing from 4.5 billion ECUs 

(European Currency Units) in 1975 to 31 billion ECUs in 1991. Despite this, most 

farmers were still not substantially better off: the inherent inequity of the support system 

had meant that 80% of EAGGF funding had gone to 20% of the farmers. More 

significantly, the linking of support to production had led to a polarisation of agriculture 

into two separate streams of development, each wielding negative environmental and 

social effects: intensification on the one hand, and land abandonment on the other.

Conditions of crisis arose during the early 1990s when the E U ’s efforts to cope with these 

problems of overproduction spilled over into budgetary crises and international trade 

conflicts, coming to a head in the General Agreement on Tariffs and Trade (GATT) 

negotiations (Baldock and Lowe, 1996). This created the opportunity for significant 

changes to agricultural policy.

1.3.2 The emergence of agri-environmental policy within the CAP

After the emergence of the contemporary environmental movement in the 1960s, it was 

some time before the impact of agricultural change began to be perceived as an important 

environmental issue. Until then the environmental lobby had been more concerned with 

heavy industry and with concentrated and acute forms of pollution. Agriculture is a more 

diffuse source of pollution, creating more intractable problems of regulation. It was also 

the case that, given the supranational nature of the CAP, satisfactory environmental 

reform would be achievable only through concerted multilateral pressure with support 

across the M ember States (Baldock and Lowe, 1996).



There was some diversity of opinion between different parts of Europe with regard to the 

nature of the rural environment problem. France, Alpine regions, Scandinavia and parts 

of southern Europe were particularly concerned with land abandonment in marginal 

areas, especially in mountains and high uplands. In some areas this had resulted in the 

total abandonment of villages and fields, with important ecological and sociocultural 

implications. Maintaining some form of pastoral agriculture in these areas was viewed as 

a priority, and the LFA directive was seen as a tool to subsidise this (Baldock et al.,

1994).

In the intensively farmed areas of the Netherlands, Germany, Denmark, the UK and 

northern Italy, concern mounted during the 1970s and 1980s about the pollution that was 

resulting from, livestock wastes, inorganic fertilisers and pesticides. For the first time, 

agriculture was depicted as a despoiler rather than a guardian of the environment 

(Baldock and Lowe, 1996). Pollution control and the promotion of organic farming were 

promoted as the solutions to some of these problems.

In Britain, more so than in other M ember States, there is a traditional concern with 

protection of wildlife and the landscape. During the 1970s and 1980s the farmed 

landscape was seen to be under serious threat from modem agricultural practices. The 

effects of intensification in terms of pollution and soil erosion were acknowledged but the 

impact on nature, especially in the lowlands, was perceived as particularly detrimental. 

There were a series of high-profile conflicts over the ploughing of areas of ecologically 

valuable wet grassland (Merricks, 2002), and calls mounted for the protection of 

important threatened sites. During the 1980s it was the British Government which 

spearheaded the drive for European agricultural policy reform.

The European Union’s first Action Programme for the environment, published in 1973, 

recognised the need to tackle emerging problems of agricultural pollution. This 

sentiment was reiterated four years later in the Second Action Programme, and was 

included in a more detailed and explicit manner in the Third Action Programme in 1983.
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The European Commission published a Green Paper on the future of the CAP in 1985. 

Following interventions by the Environment Directorate General, this Paper included a 

section which proposed that agricultural policy should take account of environmental 

policy, both towards controlling harmful practices and promoting environmentally 

beneficial practices. The integration of environmental protection into other policy areas 

became a legal requirement with the establishment of the Single European Act in 1987, 

and it later received a more comprehensive legal basis in the M aastricht Treaty, which 

also stated that economic development must be sustainable. This was developed further 

in 1992 with the EU ’s Fifth Environmental Action Programme, the central theme of 

which is sustainability. Specific reference was made to the conservation objectives of 

agricultural policy (Gillmor, 1997).

The first European-level agri-environment measure was Article 19 of Council Regulation 

797/85 on ‘improving the efficiency of agricultural structures’. The article authorised 

Member States to introduce ‘special national schemes in environmentally sensitive areas 

(ESAs)’ in order to subsidise environmentally sound farming practices. Regulation 

797/85 also authorised the introduction of an extensification scheme and a voluntary 

arable setaside scheme.

Two years later, it was agreed in Regulation 1760/87 that ESA payment schemes could 

be eligible for up to 25% reimbursement from the European Agricultural Guidance and 

Guarantee Fund (EAGGF). This marked the growing acceptance of the principle that 

supporting farmers to conserve the countryside might also help to curb overproduction 

(Baldock and Lowe, 1996). These environmental policy developments were at least 

partly attributable to the fact that environmental concerns were at this time coinciding 

with other powerful arguments for change. These arguments included (Baldock and 

Lowe, 1996):

1. Funding problems of the EU caused by the CAP budget;

2. Further budgetary strain due to the accession of the southern European states;

3. The scandal and expense of increasing surpluses;
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4. Rising opposition from abroad to the dumping of surpluses on world markets;

5. The increasing attention given by northern European farming leaders to the concept 

of farmers as providers of environmental ‘products’, in order to strengthen their 

requests for support.

Enviromentally Sensitive Areas (ESAs) in Ireland

In 1991 an ESA scheme was introduced in Ireland on a pilot basis in two small areas; a 

region of the Slieve Bloom mountains in the midlands, and part of Slyne Head in County 

Galway on the west coast. The objective was to encourage farming practices which 

protect and enhance the countryside and natural resources. Activities which could be 

funded included reductions in stocking levels, restrictions in the use of fertilisers and 

pesticides, late cutting of hay and silage, maintenance of wildlife habitats and 

enhancement of the landscape. Conditions had to be adhered to for a period of five years. 

Payments were limited to a maximum of £1000 (€1269.74) per farm, and uptake was 

very low in Slyne Head in particular. From 1994 the ESA scheme was subsumed within 

the Rural Environment Protection Scheme. Its significance lies mainly in the extent to 

which its measures and requirements, and the experience provided by it, were of value in 

the formulation of the REPS (Emerson and Gillmor, 1999).

1.3.3 The 1992 reforms

In 1992 Agriculture Commissioner Ray MacSharry oversaw significant changes to the 

CAP. The MacSharry reform package aimed to make environmental protection ‘an 

integral part of the Common Agricultural Policy’. Following a review of extensification 

and ESA schemes, the European Commission had produced proposals for ‘reinforcing the 

relationship between agriculture and the environm ent’, leading to a proposed regulation 

‘on the introduction and the maintenance of agricultural production methods compatible
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with the requirements of the protection of the environment and the maintenance of the 

countryside’. This became the core of the agri-environment Regulation that accompanied 

the MacSharry reforms of the CAP.

In developing agri-environment policy there was a need to take account of inadequacies 

in the design of the agri-environment, setaside and extensification measures in Regulation 

797/85. By 1992, Article 19 had been implemented in only four countries: the UK, 

Germany, the Netherlands and Denmark. It was perceived to be of little relevance to the 

problems faced by rural areas in Southern Europe. The extensification scheme also had 

quite a low uptake, being implemented only in Germany, Belgium, France and Italy. The 

voluntary arable setaside scheme was seen to have neglected the concerns of certain 

Member States for land abandonment and desertification. In general, Ireland and certain 

southern Member States had shown little interest in these three measures. In these parts 

of the EU, the principal concern was support for farmers on social and economic grounds. 

Nevertheless, financial aid encouraged Ireland, Italy, France, Luxembourg and Spain to 

initiate pilot schemes under Article 19 (Baldock and Lowe, 1996).

The European Commission was keen to reconcile these difficulties, developing agri- 

environmental policy within a strong, EU-wide framework. Its proposals were set out in 

Com (90) 366, and they included the re-working of the extensification scheme as a 

compulsory pollution reduction measure, the expansion of Article 19 and the adjustment 

to the voluntary set-aside scheme to encourage more afforestation of set-aside land. 

Overall, the 1992 CAP reforms aimed to control production levels while guaranteeing 

farmers’ incomes using both price guarantees and direct compensatory aid measures.

The importance of preserving the rural character and family-farm structure of European 

agriculture was recognised. Furthermore, the reforms acknowledged the dual role of 

farmers: they are producers, and they are also ‘guardians of the countryside’. Alongside 

the principal CAP reform measures were the three ‘Accompanying M easures’, of which 

the agri-environment regulation was one.
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1.3.4 Regulation 2078/92, the Agri-Environment Measure

Although not entirely new, the ‘Accompanying M easures’ were presented as a package 

which widened the scope of the CAP into policy areas which had not, until then, been 

regarded as central to the main agricultural support structures. The measures were (CEC, 

1992a):

1. The agri-environment programme (Regulation 2078/92);

2. The early retirement scheme (Regulation 2079/92);

3. The forestry aid scheme (Regulation 2080/92).

Funding for these measures was to be provided through the Guarantee, rather than the 

Guidance, Fund. Since the Guarantee Fund is the source of market support measures, 

and it is not subject to the same budgetary restrictions as the Guidance Fund, this 

signalled the incorporation of the Accompanying Measures into the core of the CAP.

The agri-environment programme was compulsory. M ember States were obliged to 

include a range of specified objectives in their respective schemes. The aim was to widen 

agri-environment beyond the narrow scope of Article 19, and it was hoped that the 

resulting reduction in agricultural intensity over large areas of land would contribute to 

production reduction, assisting the wider goals of the 1992 reforms.

Several elements of the Agri-Environment Regulation had been foreshadowed in earlier 

European measures, including voluntary setaside, experimental extensification and, most 

significantly the provisions permitting member States to establish Environmentally 

Sensitive Areas. The measure strove to overcome the perceived northern European bias 

by laying out a range of measures addressing rural environmental concerns of all Member 

States (Baldock and Lowe, 1996).

In response to Regulation 2078/92, many Member States put forward programmes 

containing a mixture of both old and new measures. Baldock and Lowe (1996) wrote that
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some of the countries, including Ireland, that were drawing up schemes for the first time 

made more ambitious but perhaps less targeted use of the Regulation than countries with 

established agri-environment schemes.

In terms of expenditure, the Regulation was a relatively small element in the CAP. There 

have been conflicts with the major commodity regimes, particularly when farmers are 

eligible for larger payments for set-aside than for entering environmental schemes.

1.3.5 Agenda 2000, The Rural Development Regulation 1257/1999 and the 

Common Rules Regulation 1259/1999

The Agenda 2000 CAP reform established two key elements;

• Environmental protection requirements in relation to direct support payments ( ‘cross

com pliance’);

• Support within the newly established Rural Development pillar for farmers delivering 

agri-environmental services going beyond the application of usual good farming 

practice.

In relation to the first of these. Member States are required to provide the following

information for each of the supported sectors:

1. An analysis of the land used and protection concerned with reference to the potential 

environmental effects;

2. A detailed description of the appropriate environmental measures envisaged;

3. A detailed description of the penalties for non-respect of the measures.

Regarding the second element, definitions of verifiable good farming practice (GFP) have

been agreed in each of the 70 M ember States or regions for which rural development
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plans have been drawn up and approved by the European Commission (Department of 

Agriculture, Food and Rural Development, 2001). Approximately 70% of farmed land is 

now subject to the provisions of these codes of GFP around the EU. It is most important 

to clearly distinguish GFP from agri-environment measures: a core principle of agri

environment schemes is that farmers are paid not to attain GFP, but for the losses 

incurred in exceeding it (Hamell, 1999, 2001).

Agri-environment measures now come under Chapter VI of the Rural Development 

Regulation 1257/1999. Measures for Less Favoured Areas and areas with environmental 

restrictions fall under Chapter V of the Regulation. Provision for cross-compliance is 

contained in Article 3 of the Common Rules regulation 1259/1999.

1.4 The Irish Rural Environment Protection Scheme

The implementation of Council Regulation (EEC) 2078/92 required M ember States to 

draw up agri-environment schemes and submit them to the Commission for approval by 

July 1993. Ireland’s Rural Environment Protection Scheme was devised in response to 

this by the Department of Agriculture, Food and Rural Development (then the 

Department of Agriculture, Food and Forestry) following consultation with farming and 

environmental interests. The EU Committee on Agricultural Structures and Rural 

Development gave its agreement to the scheme in January 1994 and, following formal 

approval from the Commission, the scheme was initiated on the P ' of June, 1994.

The REPS is a voluntary, horizontal scheme: farmers in any part of the Republic of 

Ireland may apply. By contrast, some other M ember States have adopted a zonal 

approach in the development of their agri-environment schemes, whereby only farmers in 

certain designated areas may apply for the scheme. (These two approaches are 

characterised by the description ‘broad and shallow’ and ‘narrow and deep’.) Farmers 

who wish to join the REPS must undertake to implement the schem e’s measures on the 

entire holding for five years, farming it in accordance with an individual plan which is
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drawn up for the farm by an approved planner. The REPS handbook describes the 

scheme in detail (Dept, of Agriculture, Food and Forestry, 1994; Dept, of Agriculture, 

Food and Rural Development, 1999, 2000).

To qualify for REPS, a person must own, or have leased for five years, at least three 

hectares of utilisable agricultural land. The splitting of holdings or the creation of 

farming units in order to obtain REPS payments is prohibited. Farmers who comply with 

the conditions of the scheme qualify for a basic annual payment of €125  per hectare 

subject to a maximum of 40 hectares, totalling up to €5000  per annum. There is a 10% 

incentive payment available for areas of less than 10 hectares. Failure to comply with the 

measures as set out in the farm plan constitutes a breach of the scheme, resulting in the 

termination of payments and also, in some cases, some reimbursement of payments 

already received.

The planning body employed by nearly half of REPS participants is Teagasc, the semi

state research and advisory organisation. The remainder use registered private planners. 

The requirements of the plan are that it must set out the current status of the farm as it 

relates to agri-environmental specifications, that it identifies by reference to a 1:2,500 

farm map the features that should be protected, maintained and managed, that it contains 

a nutrient management plan based on the relevant conditions on the farm and that it sets 

out a programme of works to be undertaken in order to comply with the scheme, 

indicating the projected time scale and necessary changes in farming practices. The 

farmer is required to maintain detailed records, and the planner remains in contact with 

the farmer over the period of the plan to advise on implementation and on modifications 

that may arise.

The REPS is designed to reward farmers for farming in an environmentally friendly 

manner and to bring about environmental maintenance and improvement on agricultural 

land. Its objectives are as follows (Department of Agriculture, Food and Forestry, 1994):
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1. To establish farming practices and controlled production methods which reflect the 

increasing concern for conservation, landscape protection and wider environmental 

problems.

2. To protect wildlife habitats and endangered species of flora and fauna.

3. To produce quality food in an extensive and environmentally friendly manner.

The REPS has been revised several times since it was introduced. When it had been in 

place for five years some more substantial alterations were made to the scheme and it was 

re-launched as ‘REPS 2000’ (Department of Agriculture, Food and Rural Development, 

2000). By the end of the first five-year period of the REPS, a total of 45,553 farms were 

in the scheme (approximately 37% of Ireland’s farms), covering an area of 1,575 

thousand hectares (Rath, 2001). The geographical spread of REPS uptake is illustrated in 

Figures 1.1 and 1.2 (Lafferty et al,  1999). There is a popular myth that the revised REPS 

is proving less attractive to farmers than had been anticipated, but the figures do not 

support this idea. At the end of 1999 some 27,000 farmers had come to the end of their 

five-year REPS contracts. A further 18,000 farmers were still participating in REPS 1, 

not having completed their five-year contracts. In 2002 the Irish Farmers’ Journal quoted 

Junior Minister for Agriculture, Eamon 6  Cufv, as saying that since the launch of the 

new REPS approximately 19,000 applications had been received and a further 7,000 ‘are 

at the planning stage and have not yet reached the Department’ (Farmers’ Journal, 27 

April 2002), He also said that ‘last year (2001), the first full year of the new scheme, saw 

the highest number of applications ever received and processed in any year since REPS 

was first launched in 1994’. Nevertheless, questions remain over why certain farmers are 

deciding not to renew their membership of the scheme. Anecdotal evidence suggests 

that some older farmers find the paperwork offputting, some farmers wish to revert to 

more intensive and profitable farming methods than the REPS allows, and some farmers 

wish to farm part-time in order to facilitate off-farm jobs and cannot afford the time 

necessary to fulfil the demands of the Scheme. The fact also remains that in the context 

of strong political will to increase numbers in the REPS still further -  thus maximising 

financial intake -  there is a reluctance to make the measures more stringent or to increase
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Figure 1.1: The geographical spread of REPS uptake across the Republic of Ireland: 

number of farms in the Scheme (LafFerty ef a i, 1999).
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Figure 1.2: The geographical spread o f REPS uptake across the RepubHc o f Ireland: 

proportion o f land under the Scheme (Lafferty et aL, 1999).
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the environmental demands that the scheme places on the farmer. At the heart of this 

issue is the distinction between Good Farming Practice (GFP) (Dept, of Agriculture, 

Food and Rural Development, 2001) and the REPS, and whether the Scheme is actually 

requiring environmental standards that exceed GFP. A critical issue for the future is the 

establishment of verifiable standards of GFP, and their clear distinction from the REPS. 

This is discussed in more detail in Chapter 6.

1.4.1 REPS measures

The original REPS consisted of eleven measures and a further six ‘Supplementary 

M easures’ (Department of Agriculture, Food and Forestry, 1994). The core measures 

relate to waste management, grassland management, protection of watercourses, retention 

of wildlife habitats, maintenance of field boundaries, restrictions on the use of herbicides, 

pesticides and fertilisers near hedgerows, lakes and streams, protection of archaeological 

features, visual appearance of the farm, production of tillage crops in a prescribed 

fashion, attendance at a training course and the keeping of appropriate records. 

Supplementary measures are designed to take into account the need to resolve specific 

environmental problems. Full details of the measures are set out in the REPS handbook 

(Department of Agriculture, Food and Forestry, 1994), and they are discussed in Gillmor 

(1997), Emerson and Gillmor (1999) and Hickie et a/.(1999). The measures will be 

described, and changes that have been made in subsequent revisions to the REPS will be 

explained as they arise.

As they appeared in the original Scheme, the measures are as follows;

Measure 1 -  Nutrient Management Plan

Measure 2 -  Grassland Management Plan

Measure 3 -  Protect and maintain watercourses and wells

20



Measure 4 -  Retain wildlife habitats

Measure 5 -  Maintain farm and field boundaries

Measure 6 -  Cease using herbicides, pesticides and fertilisers in and around

hedgerows, ponds and streams 

Measure 7 -  Protect features of historical and archaeological interest 

Measure 8 -  Maintain and improve visual appearance of farm and farmyard

Measure 9 -  Produce tillage crops without growth regulators

Measure 10 -  Become familiar with environmentally friendly farming practice 

Measure 11 -  Keep such farm and environmental records as may be prescribed 

by the Minister

Supplementary Measures:

Supplementary Measure 1 -  Natural Heritage Areas (NHAs) 

Supplementary Measure 2 -  Regeneration of degraded areas 

Supplementary Measure 3 -  Rearing animals of local breeds in danger of

extinction

Supplementary Measure 4 -  Long term set-aside 

Supplementary Measure 5 -  Public access and leisure activities 

Supplementary Measure 6 -  Organic farming.

The Supplementary M easures have been changed several times since 1994. In REPS 

2000, measures other than the eleven core measures are as follows:

Measure A -  Conservation of Natural Heritage

Supplementary M easure -  Rearing animals of local breeds in danger of extinction 

Supplementary Measure -  Long Term Set-Aside 

Supplementary Measure -  Organic Farming.
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Measure 1 is concerned with waste management, liming and fertilisation plan, and it is 

the most detailed and complex of the measures. The objective of the measure is to 

protect or improve the quality of water resources by minimising nutrient losses from 

agriculture (Gillmor, 1997).

The drawing up of the nutrient management plan involves the identification of the current 

land uses, a comprehensive baseline soil fertility survey of the farm, and calculation of 

the amount of nitrogen from animal and other wastes used on the farm. The fertiliser and 

manure programme is tailored to crop requirements according to the results of the soil 

survey. Participants must follow a code of practice relating to the disposal, storage and 

collection of all wastes in order to avoid pollution.

On grassland the maximum level of inorganic nitrogen permitted is 260 kg/ha/annum, 

and organic nitrogen may be used to replace some or all of the inorganic chemical 

fertiliser nitrogen up to a maximum nitrogen content of 170 kg/ha/annum. Stocking 

density may need to be reduced in certain areas of the farm, according to carrying 

capacity and habitat sensitivity. With regard to arable crops, fertiliser levels are specified 

for individual crops and fields by the planner. The overall nitrogen maximum is 260 

kg/ha/annum, and the limit for animal and other wastes is 170 kg/ha/annum as on 

grassland, varying depending on the crop. Phosphorus limits vary according to crop type, 

with maximum levels on the least fertile soils being 40 kg/ha/annum for grassland and 45 

kg/ha/annum for cereals without straw. With regard to liming requirements, a target pH 

of 6.5 for mineral soils and 5.5 for peat soils is specified. These levels aim to minimise 

nutrient requirements and to control acidification of water resources.

In order to minimise pollution by farm wastes, animal housing and open yards must have 

sound, leak-proof drainage systems to prevent leakage of farm waste and silage facilities. 

This often requires the repair or rebuilding of farm buildings. In particular, those 

livestock farmers who did not already possess a slurry storage tank have generally been
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required to install one when entering the scheme, rather than continuing to use straw 

bedding for livestock. Landspreading is the normal method by which most agricultural 

wastes are dispersed, and there are detailed restrictions and specifications concerning the 

timing and rates of spreading. In the original scheme, at least half of the slurry from the 

winter housing had to be spread by 1 July and the remainder by 30 September, with all 

manure spreading to be completed by 31 October. REPS 2000 prescribes a more 

stringent approach: all slurry must be spread by 31 August.

Measure 2 relates to grassland management, aiming to promote a sustainable grassland 

management regime which minimises poaching, overgrazing and soil erosion and which 

protects habitats. Traditionally many cattle were overwintered in the fields, but changes 

in stocking density and animal breed over the years have led to increased problems of 

poaching (hoof damage) in wetter areas. Adjustments to lessen this include taking 

livestock off pasture and housing them for the winter period, reducing stocking density 

and in some cases reseeding to improve the quality of the pasture. REPS 2000 adds that 

when direct reseeding is being carried out, a Im margin must be left at the edge of the 

field.

Measure 3 covers the protection of watercourses. For the purposes of the measure, a 

watercourse is defined by the presence of water for at least nine months of the year. The 

measure primarily involves the fencing off of watercourses where livestock are present, 

in order to strengthen channel banks and allow streamside vegetation to develop. The 

application of herbicides, pesticides and fertilisers is prohibited within 1.5m of the 

watercourses. W here it is not possible to supply a piped water supply for livestock, 

restricted access to the water body at certain points is allowed. A schedule of appropriate 

maintenance work is formulated in the plan. REPS 2000 recommends the establishment 

of an annual work programme, so that habitat disturbance in any given year is minimised.

Measure 4 is concerned with the protection of certain wildlife habitats. The following 

habitats are covered by this measure (Department of Agriculture, Food and Forestry, 

1994):
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1. Turloughs

2. Callows and other seasonally flooded areas

3. Marshes

4. Swamps and peatlands

5. Sand dunes and machairs

6. Eskers

7. Natural and semi-natural vegetation

8. W oodlands and scrubland

9. Lakes, ponds, rivers and streams

10. Hedgerows

11. Stone walls and field boundaries and margins

12. Old buildings inhabited by protected wildlife

13. Disused quarries and similar workings which have become wildlife habitats.

Farmers are barred from the scheme if there is any evidence of deliberate removal of any 

of these listed features prior to application or during the scheme. Prohibited practices 

include afforestation, drainage, ploughing and reseeding, removal of sand and gravel, 

peat cutting and burning of vegetation between April and August. It is the responsibility 

of the planner to recognise and include listed habitats in the farm plan, and he or she must 

specify appropriate management practices for the habitats in question.

Measure 5 covers the maintenance of farm and field boundaries, including both hedges 

and stone walls. The importance of hedges as wildlife habitats and as important aesthetic 

components of the Irish landscape is discussed in Webb (1988), Doogue (1994) and 

Feehan and Keena (2001). The objective of this measure is to manage boundaries in the 

interests of wildlife, scenic appearance, stock control and shelter. The farm plan sets out 

a programme for the trimming and cutting of hedges on a rotation of five years. 

Simultaneous cutting of all hedges is not permitted -  only certain hedges may be cut each 

year, in order to minimise the impact on hedge-dependent wildlife. Where appropriate, 

the planting of quicks and the fencing of a hedge may be recommended in order to reduce

24



gappiness and make it more stockproof. REPS 2000 adds that a more detailed annual 

work programme is required if these objectives are to be more satisfactorily achieved.

Measure 6 details restrictions on the use of herbicides, pesticides and fertilisers near 

hedgerows, ponds and streams in order to protect water resources and habitats for flora 

and fauna. A general limit of 1.5m applies.

Measure 7 concerns the protection of features of historical and archaeological interest.

As well as promoting greater awareness of these features on farms, the measure 

encourages management strategies to protect them from further damage. Under 

Regulation 2078/92 this is not a required component of agri-environment schemes, but it 

is appropriate in view of the dense concentration of surviving field monuments in the 

Irish countryside. Features on individual farms can be determined from the Sites and 

Monuments Record (SMR), but there are many features which are not recorded in the 

SMR and which have been discovered as a result of REPS surveys. The implementation 

and impact of this measure have been evaluated by Sullivan and O ’Sullivan (O’Sullivan, 

2001; Sullivan, E., pers. comm.).

Measure 8 covers the visual appearance of the farmyard and farm buildings. An annual 

programme of farm and farmyard maintenance must be formulated, and the farm should 

be kept clear of unsightly and potentially polluting and dangerous materials. The plan 

specifies that roofs, walls and gates should be painted with appropriate colours, and it is 

recommended that consideration be given to the siting and screening of new farm 

buildings such that they blend into the landscape in a harmonised fashion. According to 

REPS 2000, a better annual work programme should be drawn up in order to complete 

these tasks.

Measure 9 applies specifically to arable crop production techniques. Overlapping with 

Measure 6, it requires that an uncultivated, input-free field margin of 1.5m be left around 

arable crop fields. Plant growth regulators on all crops except oats were originally 

prohibited by M easure 9, but this element of the measure was removed by REPS 2000.
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Measure 10 requires the farmer to attend a 20 hour course for which the farmer is paid 

€103. This course aims to provide REPS participants with information on the 

environmental benefits arising from the scheme, and explanation and background 

information on the agri-environmental requirements involved, including tips on 

implementing the measures. Training courses and open days on demonstration farms are 

arranged, and both farmers and family members who work on the farm can attend. Most 

of these courses and open days are organised at a local level by Teagasc. When the 

REPS was first introduced completion of this course was optional, but it has since 

become a compulsory requirement under REPS 2000.

Measure 11 covers the keeping of farm records in order to ensure compliance with the 

farm plan. Records should include monthly livestock inventories, details on the import 

and export of organic wastes, details of chemical fertilisers purchased and applied, dates 

of winter housing, and generally the steps which have been taken to comply with the farm 

plan. Teagasc provides an important service by assisting many farmers with the keeping 

of these records.

1.4.2 Supplementary Measures

Supplementary M easure 1, replaced in REPS 2000 by the measure covering 

‘Conservation of Natural Heritage’, applies to those areas which were designated as 

Natural Heritage Areas (NHAs), Special Areas of Conservation (SACs) and Special 

Protection Areas for birds (SPAs) under Council Directive 92/43/EEC, the Habitats 

Directive, and Council Directive 79/409/EEC, the Birds Directive. Many of these 

specially designated areas are on agricultural land, and indeed their ecological value often 

depends on the continuation of certain farming practices. The objective of this measure 

is to specify the management practices which need to be continued to best protect the 

NHA. Payment is € 3 0  per hectare in addition to the basic REPS premium.
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The original Schem e’s Supplementary Measure 2 is now part of Measure A, the 

Conservation of Natural Heritage measure. This measure related to the regeneration of 

‘Degraded Areas’ in the ‘More Severely Handicapped Areas’ in the west of Ireland, 

where high sheep densities have resulted in slope erosion and vegetation damage, 

particularly on commonages. Under the measure, REPS participants in these areas must 

either not exceed the stock carrying capacity of their share of the commonage at any time, 

or not exceed the carrying capacity of their share for the six month period between May 

and October, keeping all stock off the commonage between November and April. 

Payments relate to the grazing strategy adopted. An additional incentive is incorporated 

to encourage the participation of groups of farmers who use the commonage.

The Supplementary Measure on Rearing Animals of Local Breeds in Danger of 

Extinction relates to specified breeds on the EU list of endangered species. Those rare 

breeds associated with Irish agriculture are the Kerry, Dexter and Irish Maol cattle, 

Connemara ponies, Irish Draught horses and Galway sheep. Farmers receive €100  per 

annum for each livestock unit of the registered breed, in addition to the basic REPS 

premium.

The Long Term Set-Aside Supplementary Measure focuses in particular on riparian 

zones and lake-side strips, especially watercourses which are designated as salmonid 

rivers and around Lough Corrib in County Galway. The objectives of long-term set-aside 

in these areas include the stabilisation of river banks and the interception of nutrients 

carried in overland water flow. The planting of up to half the set-aside area with certain 

deciduous trees is encouraged. Payment is at the rate of € 6 0 0  per hectare per annum for 

land which must be set-aside for at least 20 years.

Supplementary Measure 5 has now been dropped from the Scheme. It covered public 

access and leisure activities on farms, with the objective of assisting farmers in providing 

access to and facilities on their land for ‘eco-tourism’ activities such as pony trekking.
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hill walking and water leisure activities. The additional payment for uptake of this 

measure was € 2 5  per hectare. The measure had a very low uptake when it was available.

The Organic Farming Supplementary Measure under REPS 2000, aims to promote 

organic farming in Ireland. Participants must be registered organic producers. A 

derogation from the 3 hectare minimum area requirement for REPS is provided in order 

to allow horticultural producers with at least 1 ha of agricultural land to participate. 

Payments vary according to the size of the farm and whether or not the farm is in the 

organic conversion period, during which increased payments apply. Payments are 

detailed in the REPS handbook (Department of Agriculture, Food and Rural 

Development, 1999). When the REPS was introduced in 1994 there were 250 organic 

farmers in Ireland, and this supplementary incentive has been encouraging more 

conventional farmers to convert to organic management of their farms. Within three 

years the number had risen to approximately 600 (Gillmor, 1997), and by the end of the 

year 2000 there were over 1000 organic farms in the country (0.69% of all farms).
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Chapter 2

Biodiversity and the relevance of REPS measures to the 

diversity of flora and invertebrate fauna

Since the establishment of the UN Convention on Biodiversity in 1992, both public and 

academic interest in biodiversity has grown. In Section 2.1, the importance of and uses 

of biodiversity are discussed. In particular, the inter-dependence of biodiversity and 

agriculture is considered (Section 2.1.5). Agricultural practices have created and now 

maintain agro-ecosystems and their associated communities of flora and fauna. 

Conversely, biodiversity supports agricultural production through the provision of crop 

pollination, natural enemies of pests, ecosystem stability and nutrient cycling. In Section 

2.2, the relevance of certain REPS measures to biodiversity and the rationale behind the 

expectation of a beneficial impact of those measures on biodiversity are enumerated.

2.1. Biodiversity: its meaning, history and value

Biodiversity, also referred to as bio-diversity or biological diversity, is the variety of the 

w orld’s organisms. The breadth of the concept reflects the interrelatedness of genes, 

species and ecosystems (Reid, 1989). The International Convention on Biological 

Diversity defines it as follows (UN, 1992):

‘B iological diversity means the variability among living organism s from all 

sources including, inter alia, terrestrial, marine and other aquatic ecosystems and 

the ecological complexes of which they are part; this includes diversity within 

species, between species and of ecosystem s.’
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Thus biodiversity is all hereditarily based variation at all levels of organisation, from the 

genes within a single local population or species, to the species composing all or part of a 

local community, and finally to the communities themselves that compose the living parts 

of the multifarious ecosystems of the world (Wilson, 1996). The key to the effective 

analysis of biodiversity is the precise definition of each level of organisation when it is 

being addressed.

Biodiversity is generally recognised and studied on three levels:

1. Genetic diversity ( ‘within species’), the diversity of genes within species;

2. Species diversity ( ‘between species’), the variety of species (rather than other 

taxonomic levels such as subspecies or genera) present in a location;

3. Ecosystem diversity, variety of different habitats and their associated species 

assemblages.

In most cases biodiversity is measured in the form of species diversity, although species 

numbers do not adequately reflect genetic and phylogenetic divergence, which are 

themselves units of biodiversity (Duelli and Obrist, 1998; Standen, 2000). Analysis of 

the problem of biodiversity loss in terms of one category -  genetic, species or ecosystem 

-  does not necessarily give the same results as analysis in terms of another category, or in 

terms of two or more categories considered together (Perrings et ah, 1995).

It is genetic and species diversity which have historically dominated the literature. Since 

the early 1990s, ecosystem diversity has received more attention from ecologists. While 

species and genetic diversity are of direct value in both human consumption and 

production, they are of indirect value through the ecological services they perform 

(Perrings et a l ,  1995). In agroecosystems for example, biodiversity performs a variety of 

ecological services beyond the production of food, including recycling of nutrients, 

regulation of microclimate and local hydrological processes, suppression of undesirable 

organisms and detoxification of noxious chemicals. When these natural services are lost
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due to biological simplification, the economic and environmental costs can be quite 

significant. Agroecosystems deprived of basic regulating functional components lack the 

capacity to sustain their own soil fertility and pest regulation (Altieri, 1999).

Biodiversity is undeniably of value to humanity, but it does not always lend itself to the 

economic valuation upon which policy decisions are usually based. Standard economics 

has generally failed to assign value to ecological resources, so that the costs of 

environmental damage or depletion of living resources have rarely been adequately 

quantified. The value of biodiversity is threefold (Begon et al, 1996):

• Direct value of products that are harvested;

• Indirect value where aspects of biodiversity bring economic benefit without the need 

to consume the resource;

• Ethical value.

Many species have direct economic value. Most of the world’s food is derived from 

plants that were domesticated from wild ancestors in tropical and semi-arid regions.

Wild meat and plants remain a vital resource in many parts of the world. Wild strains of 

crops may be needed in the future for their genetic diversity, useful in breeding for 

improved yield and resistance to future pest and drought threats. The natural enemies of 

crop and livestock pests are a resource of vast biological control potential, although many 

remain unstudied and unrecognised. The active ingredients in about 40% of both 

prescription and non-prescription drugs used worldwide are extracted from plants and 

animals. Some originated as plant extracts and are now pharmaceutically manufactured, 

an example being aspirin. The vast majority of the world’s animals and plants have yet 

to be screened for biochemical usefulness, and as a result the potential value of many 

species that become extinct can never be known. This potential to provide benefit in the 

future is termed option value (Begon et al, 1996).

Indirect value includes the service that wild insect species provide in pollinating crop 

plants. It also includes other indirect economic benefits that accrue as a result of natural
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ecosystems, such as the maintenance of the chemical quality of natural waters, buffering 

ecosystems against floods and droughts, protecting and maintaining soils, regulating local 

and even global climate and in mobilising -  and immobilising -  organic and inorganic 

wastes. The biotic communities in soil play a key role in regulating the dynamics of 

organic matter decomposition and plant nutrient availability, and there is evidence to 

suggest that the more abundant and diverse these organisms are, the greater the reliance 

on ecosystem self-regulation, with a reduction in input dependence (Bardgett et al.,

1997). The indirect value of biodiversity also includes the benefits of amenity value, 

recreation and ecotourism.

Direct and indirect economic values have an objective basis that ethical value lacks, since 

it is subjective and value-laden. The equal right of other species to share the planet with 

humans is a principle that is cherished by many people, but the inherent value and 

importance of other species does not carry much weight with those who believe that the 

planet’s resources are there for human use and exploitation, and who do not perceive that 

humans cannot decouple themselves from the biological system of which they are a part.

Economists have valued the benefits supplied to human society by ecosystem services at 

US $33 trillion per year, approximately double the estimated value of global gross 

national product (GNP) (Loreau, 2000). Therefore, biodiversity loss may pose a 

formidable economic threat.

2.1.1. The development of the concept

The term ‘BioDiversity’ entered usage in 1986 during the National Forum on 

BioDiversity, held in Washington D.C. under the auspices of the National Academy of 

Sciences and the Smithsonian Institution. There was an unexpectedly high level of 

demand for the proceedings of the forum (Wilson and Peter, 1988). By 1992, as a key
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topic of the Rio environment summit meeting, biodiversity had become one of the central 

issues of scientific and political concern world-wide.

In the late 1970s and during the 1980s, the first estimates of the rate of tropical 

deforestation were made, and this led to unexpectedly high estimates of the rates of 

species loss in these forests, in particular concerning the extraordinary diversity of 

canopy arthropods (Erwin, 1982; Stork, 1988). This in turn drew attention to ongoing 

extinction in other habitats such as coral reefs, from the level of alleles to the level of 

ecosystems. Thus awareness of the irreversible loss of biodiversity that was occurring 

grew, in turn motivating increased research into the area. In response to this growing 

public concern over the increasing pressure and harmful impacts on natural and semi

natural ecosystems, protecting and enhancing biodiversity has become an important part 

of domestic and international policy objectives and actions (Perrings et a l ,  1995; CEC, 

1992b, 2001).

Reid (1989) defined the conservation of biodiversity as the management of human 

interactions with the variety of life forms and ecosystems so as to maximise the benefits 

they provide today and maintain their potential to meet future generations’ needs and 

aspirations. This definition of biodiversity conservation is modelled after that used in the 

lU CN ’s W orld Conservation Strategy (WCS) in 1980, and it emphasises that how people 

use species, manage the land and invest in development will determine the ultimate 

success of biodiversity conservation.

2.1.2. The International Convention on Biological Diversity

The Convention on Biological Diversity (CBD) was opened for signature at the UN 

Conference on Environment and Development at Rio de Janeiro, Brazil, in 1992. The 

stated objectives in Article 1 of the Convention were (UN, 1992):
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‘The conservation of biodiversity, the sustainable use of its components and the 

fair and equitable sharing of the benefits arising out of the utilisation of genetic 

resources, including by appropriate access to genetic resources and by appropriate 

transfer of relevant technologies, taking into account all rights over those 

resources and to technologies, and by appropriate funding’.

The Convention and agri-biodiversity

At the third Conference of the Parties meeting of the CBD in 1997, it was agreed that 

countries should be encouraged to develop national strategies with respect to agriculture 

that would:

• Identify key components of biological diversity in agricultural production systems 

that are responsible for maintaining natural processes and cycles;

• M onitor and evaluate the effects of agricultural practices and technologies on 

biological diversity in agriculture and encourage the adoption of repairing practices;

• Develop and promote the application of methods and indicators to monitor and 

evaluate ex ante and/or ex post impacts of agricultural development projects on 

biological diversity, especially in developing countries;

• Study the positive and negative impacts on ecosystems and biomass of the 

intensification or extensification of production systems.

Monitoring, assessment and indicator development have been identified as major areas 

for consideration and inclusion in programmes and action plans. It is on these areas that 

this research focuses.
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2.1.3. Biodiversity, productivity and stability

An understanding of patterns in biodiversity, their underlying causes and their various 

effects, is one of the major challenges facing ecologists today (eg. Wilson, 1993; Begon 

et al, 1996). Biodiversity varies with latitude, altitude and depth (in aquatic 

environments). Some of these patterns correlate with one or more of: climatic variability, 

the input of energy, the productivity of the environment, the age of the habitat and 

environmental harshness. These patterns and the cause-effect relationships therein are 

discussed in Pimm (1991), Rosenzweig (1995) and Begon et al. (1996) among others.

The general acceptance of the importance of biodiversity in maintaining the processes 

which drive ecosystem functioning (Solbrig et a l ,  1994) has led to consideration of 

functional redundancy amongst the species in an ecosystem -  the idea that not all species 

are needed in order to support the system -  and to the concept of keystone species, which 

are those species essential to the functioning of the system. Lack of knowledge of the 

functional significance of many of the taxa found in grasslands, for example those which 

provide a decomposer function, makes it difficult to identify many of the species which 

may be essential for the functioning of different grasslands. In temperate grasslands, 

large herbivores are keystone species. Through their management by people, they have a 

major influence on grassland biodivesity (Milne, 1997).

Ecologists have proposed a theoretical relationship between plant diversity and 

ecosystem functioning for some time. Darwin (1859) suggested that greater plant 

diversity would lead to greater primary productivity:

‘If a plot of ground be sown with one species of grass, and a similar plot be sown 

with several distinct genera, a greater number of plants and a greater weight of 

dry herbage can thus be raised.’

Elton (1958) proposed that greater diversity and trophic complexity would increase 

population and ecosystem stability, and later May (1973) theorised that the stability of
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model competitive ecosystems decreased as diversity increased. Interest in the 

consequences of diversity went into decline until the burgeoning impact of human 

activities on biodiversity and the possible threat that biodiversity loss might pose to 

ecosystem functioning renewed interest in the effects of diversity on ecosystem processes 

(Ehrlich and Ehrlich, 1992).

Species richness and productivity

There are examples of the existence of a direct relationship between animal species 

richness and primary productivity. For example, a positive relationship was found 

between the species richness of lizards in the deserts of the south-western USA and the 

length of the growing season, and the diversity of a group of cladocerans in (unpolluted) 

Indiana lakes was positively related to the total productivity of those lakes (Begon et al, 

1996).

However, this relationship is not universal. The well known Parkgrass experiment is a 

set of field trials which have been running since 1856 in Rothamsted in England. The 

trials aim to examine the effects of artificial fertilisation. While unfertilised areas 

remained largely unchanged, the fertilised areas have shown a progressive decline in 

diversity (Silvertown, 1980). Rosenzweig (1971) has termed this ‘the paradox of 

enrichment’. A second example of this is the fact that two of the most species-rich plant 

communities in the world occur on very nutrient-poor soils (the Fynbos of South Africa 

and the heath scrublands of Australia), whereas nearby communities on more nutrient- 

rich soils have much lower plant richness (Begon et al, 1996).

Species richness appears to be highest at intermediate levels of productivity. With 

increasing productivity, species richness increases up to a point, after which the higher 

rates of population growth accelerate the process of competitive exclusion, increasing the 

extinction rate while reducing the colonisation rate. In more productive grasslands, 

accumulated litter and reduced light availability appear to inhibit germination and
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seedling survival, decreasing the ability of new species to become established (Begon et 

a l,  1996). This is the case on Ireland’s improved grasslands and the enriched margins of 

tillage fields. The REPS aims to restore some of the lost diversity in these habitats by 

reducing or eliminating fertiliser input.

A major debate concerns whether plant community diversity depends on productivity, 

productivity on diversity, or whether causation goes in both directions (Tilman, 1996). 

The relative importance of species diversity and functional diversity is also a matter of 

debate. The literature on these topics is reviewed by Begon et al. (1996).

Does productivity affect diversity ?

Most authors agree that productivity affects diversity: experimental manipulation of 

productivity via fertilisation of small plots is known to decrease plant diversity (Tilman, 

1999; Waide et al., 1999). However as mentioned above, species diversity does not 

correlate neatly with biological productivity in the wild: species-rich tropical rain forests 

are extremely productive, but so are coastal wetlands, which have relatively low species 

diversity. Several mechanisms have been proposed to explain how species richness 

responds to variation in productivity, but no general consensus has emerged as to the 

nature of this mechanism.

Does diversity affect productivity?

Models of competition predict, and field experiments confirm, that greater plant diversity 

leads to greater primary productivity. For example, experiments have been conducted to 

compare productivity and nutrient use efficiency in grassland plots seeded with different 

numbers of native species. Productivity was greater and soil mineral nitrogen was 

utilised more completely in higher-diversity plots. Measurements in nearby control 

grassland plots showed the same pattern. The study concluded that the preservation of 

biodiversity is necessary to the sustaining of ecosystem functioning (Tilman, 1999).

There are at least two mechanisms by which diversity (of species or of functional groups) 

may increase the productivity of a given trophic level. Both effects are thought to cause
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more complete utilisation of limiting resources at higher diversity, increasing resource 

retention which in turn increases productivity. The two mechanisms are as follows 

(Tilman, 1999; Waide et al., 1999):

1. Increasing the number of species in a system may increase the probability that an 

exceptionally productive species will be present. This is known as the ‘sampling 

effect’.

2. Increasing the number of species present in an intact community may result in greater 

complementarity in resource use. The broader range of species traits in a more 

diverse community is thought to allow more complete exploitation of the 

heterogeneous resources in a habitat, thus increasing the productivity of the 

assemblage. This is known as the ‘niche differentiation effect’. A variant on this 

effect is facilitation between species, which is thought to be a key mechanism by 

which biodiversity affects the rates of resource use that govern the efficiency and 

productivity of ecosystems.

Empirical evidence from herbaceous plant communities supports the first of these 

hypotheses. In an agricultural context, complementarity in resource use is the functional 

basis behind intercropping and polyculture. Although not all intercropping schemes or 

polycultures provide higher yields, there are many successful examples to suggest that 

complementarity may be important in determining ecosystem productivity and nutrient 

dynamics.

At time of writing, a focus of research is the importance of species composition rather 

than species richness per se: specifically, examination of trophic interactions among 

species and facilitation between species as determining factors of productivity. 

Facilitation between species has been experimentally demonstrated by Cardinale et al. 

(2002), who showed that increasing the species diversity of a functional group of aquatic 

organisms, suspension-feeding caddisfly larvae (Insecta: Trichoptera), induced 

facilitative interactions, leading to non-additive changes in resource consumption. Thus, 

changes in species diversity may alter the probability of positive species interactions.
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resulting in disproportionately large changes in the functioning of ecosystems. Downing 

and Leibold (2002) conducted an experiment in which species richness and species 

composition were independently manipulated across multiple trophic levels in pond food 

webs. It was concluded that the composition of species within richness levels can have 

equally or more marked effects on ecosystems than average effects of richness per se.

The relationship between diversity and productivity can be mediated by different control 

mechanisms, depending on biome. Patterns within biomes may differ as a result, and 

emergent patterns across biomes may differ from those patterns within them. Waide et 

al. (1999) reviewed these patterns in various biomes.

It is generally recognised that area and environmental heterogeneity have strong effects 

on diversity (Rosenzweig, 1995, Begon et ah, 1996). Their effects are intertwined, 

producing scale-dependent relationships between productivity and diversity. A unimodal 

pattern in the relationship between diversity and productivity can be a consequence of a 

correlation between productivity and the parameters of the power function S = CA% 

where S is the species richness, A  is area, and C and z are fitted constants equivalent to 

the intercept and slope, respectively, of the log-form of the relationship (Rosenzweig, 

1995).

The BIODEPTH project

The BIODEPTH project (Biodiversity and Ecological Processes in Terrestrial 

Herbaceous Ecosystems) (Hector et al., 1999; Minns et al., 2001) was a multinational 

large-scale experiment which aimed to examine directly the relationship between plant 

diversity and the processes that determine the functioning of ecosystems. At eight 

European field sites, the impact of loss of plant diversity on primary productivity was 

simulated by synthesising grassland communities with different numbers of plant species. 

For a given number of species, communities with fewer functional groups were less 

productive. Niche complementarity and positive species interactions appeared to play a
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role in generating within-site diversity-productivity relationships, in addition to sampling 

from the species pool (Hector et a l ,  1999). The results from the project suggested that 

the maintenance or restoration of plant species and genetic diversity in European 

grasslands may bring benefits in terms of productivity, retention of soil nutrients and 

water use. More generally, the work illustrated how agricultural systems can be viewed 

in the wider framework of their biodiversity and the ecosystem services they provide, 

rather than just in terms of maximising productivity in the short term (Minns et al., 2001).

2.1.4. Biodiversity and resistance to invasion

Both modelling and empirical studies demonstrate that loss of biodiversity can influence 

key ecosystem characteristics such as primary productivity, predictability and resistance 

to invasion by exotics. Elton (1958) hypothesised that an important determinant of 

invasion success is resident biodiversity, arguing that high diversity increases the 

competitive environment of communities and makes them more difficult to invade. In 

conducting observational studies of plant invasions, it is difficult to control for extrinsic 

factors that covary with biodiversity. However, Naeem et al. (2000) examined the 

performance of Crepis tectorum  (an invasive, annual species in the family Compositae) 

in experimental prairie grassland plots and greenhouse plant assemblages in which 

resident species richness was directly manipulated. As predicted by Elton, a strong 

inverse association between resident diversity and invader performance was found. 

Higher resident diversity increased crowding, decreased available light and decreased 

available nutrients, all of which increased the competitive environment of diverse plant 

assemblages, thereby reducing C. tectorum  success (Naeem et a l,  2000).

Species diversity in the wild does not correlate closely with the stability of an ecosystem, 

that is, its resistance to disturbance and speed of recovery. For example, coastal salt 

marshes and Arctic tundra are both dominated by a small number of species, yet there is 

no evidence that these ecosystems are in particular danger of species extinctions or wide
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population fluctuations in response to disturbances (Reid, 1989). It is predicted that 

lower levels of available limiting resources at higher diversity will decrease the 

susceptibility of an ecosystem to invasion, supporting the diversity-invasibility 

hypothesis. This mechanism provides rules for community assembly and invasion 

resistance.

A major finding of the past two decades has been the critical role that species 

composition plays in the dynamics and functioning of ecosystems (eg. Wedin and 

Tilman, 1990), and the relevance of species composition to productivity is discussed 

above (Cardinale et al., 2002; Downing and Leibold, 2002). Ecological processes are 

driven by organisms, and large differences in species’ traits, such as the presence or 

absence of flammable tissues or of nitrogen fixation ability, can have profound effects on 

ecosystem processes. The effect on an ecosystem of a change in its biodiversity depends 

on which species and ecosystem are involved. The loss of a species from a particular 

region may have little or no effect on net primary productivity if competitors take its 

place, as may have been the case when eastern hemlock {Tsuga canadensis) quickly 

replaced diseased American chestnut {Castanea dentata) in the Eastern United States 

(Reid, 1989).

2.1.5. The dependence of biodiversity on agriculture

The effects of agriculture on biodiversity are of considerable importance because, of all 

human activities, farming occupies the largest share of the total land area in many 

countries. The rural environment is a living milieu in which flora, fauna, habitats and 

agricultural activities have been evolving interdependently. Over the centuries a genuine 

symbiosis has developed: the maintenance of a number of species and ecosystems 

depends on the continuation of certain agricultural activities, and agriculture itself 

benefits directly from biological diversity.
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Agriculture has moulded a semi-natural environment which supports many species, 

including some that are endemic and threatened. Of the vascular plants under threat in 

Sweden, 70% depend on an open and varied agricultural landscape (OECD, 2001). The 

Chough (Pyrrhocorax pyrrhocorax) depends for its survival on the maintenance of 

traditional grazing in certain areas of Europe, and the habitat of the Great Bustard {Otis 

tarda) is the patchwork of fallow cereal-growing land and grassland in Hungary, Spain 

and Portugal. Clearance of undergrowth and scrub by sheep, prevention of erosion by 

plant cover and maintenance by grazing of floral diversity in areas such as the Burren, are 

all examples of the benefits provided by agriculture to biodiversity (CEC, 2001).

The interactions between agriculture and biodiversity are complex and diverse. This 

complexity is reflected in the large range of services that biodiversity provides to society. 

The importance of biodiversity for agriculture involves (OECD, 1996):

• Facilitating the functioning of ecosystems, such as nutrient cycling, protection and 

enrichment of soils, pollination, regulation of temperature and local climates and 

watershed filtration;

• Providing the source of most of the world’s food and fibre products, including the 

basis for crop and livestock genetic resources, their improvement, and the 

development of new resources;

• Offering a range of scientific, medicinal, cultural, aesthetic, recreational and other 

non-monetary services from biodiversity richness and abundance.

The three levels of biodiversity as they relate to agriculture can be envisaged as follows:

1. Genetic diversity -  the diversity of genes within domesticated plants and livestock 

species and wild relatives;

2. Species diversity -  the number of, and abundance of, wild species which are affected 

by agricultural practices, including non-native species;

3. Ecosystem diversity -  communities dependent on agricultural habitats.
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Threats and pressures

As the world’s population increases and development occurs, the preservation and 

enhancement of biodiversity pose a major challenge for agricultural policy decision

makers. Extrapolating from current trends, it is estimated that food production will need 

to increase by 24% by the year 2020 just to maintain the existing levels of food 

consumption and without any significant expansion of agricultural area (OECD, 2001). 

There is a growing need to minimise the conflicts between expanding production and 

conserving biodiversity, enhancing the complementarities between agriculture and 

biodiversity and preventing the loss of biodiversity on agricultural land.

The expansion of agricultural production and the increasingly intensive use of inputs over 

recent decades are major contributors to biodiversity loss. In different areas of Europe 

intensification of agriculture on the one hand, and farmland under-utilisation or 

abandonment on the other, pose formidable threats to agri-biodiversity.

Fertiliser and pesticide use: Ireland and other EU M ember States 

Average consumption of nitrogen fertiliser per hectare of agricultural land increased in 

Europe by 75% between 1970 and 1989 (Stanners and Bordeau, 1995). Since then, there 

has been a levelling off in the use of inorganic fertilisers and pesticides (EEA, 1998).

High inputs of nitrogen fertilisers occur mainly in arable land, with the exception of the 

intensive grasslands of Northwestern Europe. Nitrogen fertiliser consumption in most 

countries in the Western region is higher than for most other regions. There are large 

variations between countries, with less than 50 kgN/ha in Spain and Portugal and 

approximately 50 kgN/ha in Ireland, to 150 kgN/ha in Denmark and over 190 kgN/ha in 

the Netherlands (Stanners and Bordeau, 1995). Denmark accounts for over two thirds of 

the nitrogen leached from farmland in Scandinavia. In Western Europe, technical change 

has been a critical factor in allowing yields to continue increasing while input use has 

been broadly stable. In Eastern Europe, this trend is attributable to loss of markets for 

important agricultural products and the lack of resources for purchasing inputs.
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Consum ption o f  the principal inorganic fertilisers in the E U  betw een 1988 and 1996 has 

decreased by about 12% for nitrogen fertiliser, and by about 29% for phosphate fertilisers 

(EEA , 1998).

A verage application o f  phosphorus fertilisers in Europe rem ained quite constant over the 

period 1970 to 1989 at approxim ately 30 kg/ha (P 2 O 5  unit), decreasing by about 29% by 

1996 (Stanners and Bordeau, 1995; EEA , 1998). In 1990 application levels ranged from  

over 50 kg phosphorus/ha in B elgium  to 23 kg phosphorus/ha in the U K  and 

approxim ately 20  kg phosphorus/ha in Ireland (Stanners and Bordeau, 1995).

Pesticides, herbicides, insecticides and fungicides have played a significant role in raising 

the yields o f  crops from European agricultural land. Increased fertiliser use to raise 

yields can intensify the risk o f  infection in som e crops. Data on the consum ption o f  

pesticides and herbicides are not com prehensive, and trends are d ifficult to discern  

(Stanners and Bordeau, 1995). There are many different pesticide products available, 

containing up to 1000 different active ingredients. In many European countries, overall 

pesticide consum ption is falling (EEA, 1998). This apparent decline in application rates 

may be m isleading because newer generations o f  pesticide have high potency and require 

lower application rates. A s with fertiliser use, there are considerable variations in 

application rates between different countries: in 1990, application rates for pesticides (per 

hectare o f  arable land and land under permanent crops) in the Netherlands were over four 

tim es those o f  W est Germany, which in turn was approxim ately tw ice those o f  Ireland.

General causes o f  agri-biodiversity deterioration can be characterised as fo llow s (CEC, 

2001):

•  G enetic level -  the reduction in the number o f  utilised species, races, varieties and 

breeds, constitutes a threat to the genetic potential o f  crops and livestock.

•  W ild species -  the use o f  herbicides, insecticides and fertilisers affects com m ensal 

species liv in g  alongside crops in agricultural habitats. The effects are varied.
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including a diminishing of the biological control potential, nutrient cycling and 

pollinating value of the biodiversity resource.

• Habitats and ecosystems -  the disappearance of, for example, wetlands and hedges 

has a direct effect on many species of flora and fauna which depend on these features.

• Abandonment and land under-utilisation can lead to an impoverishment of 

ecosystems and the progressive disappearance of the abundant flora of extensive 

pastures. Grazing pressure reduction can lead to scrub encroachment which 

transforms the habitat, reduces its agricultural value and is very difficult to reverse 

(Dunford and Feehan, 2001).

• Pollution from agricultural sources has fundamental effects on soil, water and air 

quality.

2.2. The potential impact of REPS measures on plant and invertebrate 

diversity

2.2.1. REPS measures and biodiversity

Several REPS measures are of particular relevance to the biodiversity of wild flora and 

fauna living on farms. They are as follows (Department of Agriculture, Food and Rural 

Development, 2001):

Measure 3 -  Protect and maintain watercourses and wells

Under this measure, streamside vegetation must be fenced off and allowed to develop. 

Measure 4 -  Retain wildlife habitats

This measure is intended to facilitate the retention of habitats listed in the measure, and to 

‘curtail commercial farming practices on these areas in the interests of w ildlife’.
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Measure 5 -  Maintain farm and field boundaries

This measure specifies guideUnes for hedgerow maintenance and protection.

Measure 6 -  Cease using herbicides, pesticides and fertilisers in and around 

hedgerows, ponds and streams

A spray limit of 1.5m of the aforementioned features is specified.

Measure 9 -  Tillage crop production

One of the requirements of this measure is that an uncultivated strip of at least 1.5m be 

retained at the margin of the field.

The rationale behind these measures, and the impact that the measures would be expected 

to have on the basis of previous research, are discussed here by reviewing the literature in 

four areas:

1. Hedgerows: much of the wild flora and fauna resides in the hedgerow area. The 

history and ecology of hedgerows are discussed.

2. Input reduction: the elimination of or reduction in application of fertilisers, herbicides 

and pesticides has a range of effects on plants and invertebrates. The effects of input 

reduction relate to all of the M easures listed above.

3. Elimination o f soil disturbance: the widening of tillage margins ( ‘headlands’ or 

‘beetle banks’) under Measure 9 has the effect of eliminating the soil disturbance 

associated with the annual ploughing of the margins, allowing the establishment of a 

perennial flora. Fencing off of watercourse margins under Measure 3 prevents soil 

disturbance and poaching by livestock producing a similar range of effects.

4. Removal of grazing pressure by fencing off: fencing removes the grazing pressure 

that maintains the community. The relationship between plant and invertebrate
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diversity and grazing or artificial cropping ( ‘topping’) has been researched 

extensively. This research is relevant to Measures 3, 4 and Measure 5 as it applies to 

grassland.

2.2.2. Hedge and field margin structure

The structure of the majority of field boundaries in Ireland consists of a woody 

component, the hedge, with an associated herbaceous layer. Irish hedges usually consist 

of planted hawthorn {Crataegus monogyna), with a range of other species often present, 

such as blackthorn (Prunus spinosa), ash (Fraxinus exelsior), elder (Sambucus nigra) and 

hazel (Corylus avellana). In Britain, most Enclosure plantings were made with hawthorn 

(often called quickthom on account of its rapid establishment), though plantings of mixed 

species also occurred in some parts. Hooper (1970) researched the correlation between 

age and the species richness of the hedge. Arising from his research, ‘Hooper’s Law’ 

states that for every species in a 30-yard stretch, the hedge is approximately 100 years old 

(Hooper, 1970). This relationship holds in areas of Britain where single-species plantings 

were made (Marshall, 1988), but it varies regionally. Old hedges in the North of England 

are likely to have fewer species than similarly-aged hedges in the south, due to 

geographic limitations on the distribution of species such as Acer campestre and 

Viburnum lanata (Bunce et ah, 1994b). The relationship is likely to be even less reliable 

in Ireland. Less research on hedgerow history and ecology has been done in Ireland 

compared to Britain.

The herb layer beneath and alongside the hedge consists of a variety of grass and forb 

species. Over 500 species have been recorded from hedgerow herb layers in Britain 

(Marshall, 1988). Hedgebanks are particularly important for woodland species such as 

primrose, violet, bluebell and wood melick (Feehan and Keena, 2001). The high number 

of plant species found in hedgerows reflects the fact that the hedgerow habitat includes 

woodland elements, together with wood edge, grassland and cultivated arable land
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components. Opportunities for wildlife are substantially enhanced when the field margin 

beside the hedge is left for natural grasses and other plants to grow (Marshall, 1988; 

Feehan and Keena, 2001). The physical presence of the hedge acts to intercept insects 

and seeds from the air onto the hedge and adjacent areas, boosting species richness.

In Ireland, hedges can be distinguished broadly as newer, linear hawthorn hedges, and 

older, less regular boundary features which tend to have a greater number of woody 

constituent species (Kelly, 1998). The younger thorn hedgerows generally date to 

between 1750 and 1850. The older hedgerows are likely to have originated either as old 

Gaelic bank fences, or in response to legislation to enclose the open landscape following 

two Acts of Parliament passed in 1697 and 1721 (Feehan and Keena, 2001).

The term ‘headland’ is used loosely to mean the edge of the crop outside the first tractor 

wheeling or tramline. Properly used, the term describes the machinery tuming-area at the 

edge of the field.

Appreciation of the effects of over- and under-management on hedges, hedge removal 

and the impacts of agricultural operations, resulted in a number of initiatives to protect 

and enhance the diversity of field margins. Amongst these initiatives is the creation of 

sown grass or grass and wildflower strips, which act as a buffer between the field and the 

field boundary. These can be distinguished from conservation headlands which involve a 

modification of management rather than reseeding, and which are mainly for the benefit 

of bird fauna. Reduced agrochemical use can allow a weed flora to survive, but reduced 

cutting and disturbance allow invertebrates to be available as chickfood items for birds 

such as grey partridges {Perdixperdix).
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2.2.3. The functions of hedgebanks

Hedges served a range of practical functions in earlier times. They still have these 

functions, but modem society has endowed them with non-productive values, supporting 

incentive schemes to maintain these values. In early Gaelic times, the functions of the 

hedgebank were demarcation, enclosure, the consumptive value of the hazel and other 

nut- and berry-producing species, and the provision of shelter and shade. The furze 

hedges of Wexford and other areas were valued as much for their crop of furze as for 

their stockproofing ability. Later during the Agricultural Revolution, the more 

progressive farmers valued their hedges almost exclusively for their enclosure function. 

Their value in supporting biodiversity counted little, and was considered a hindrance by

some (Feehan and Keena, 2001). Today society assigns additional values to hedges,

including their importance for the biodiversity they carry and support, especially in a 

landscape where there is little woodland (Baudry, 1988; Temple Lang and Hickie, 1992; 

Feehan and Keena, 2001), and the visual interest and aesthetic value of hedges have 

become increasingly important.

Marshall (1988) listed the needs that must be fulfilled by hedges in the modem mixed- 

farming environment as follows:

• To define the field edge

• To be stockproof or trespasser-proof

• To provide shelter for stock

• To provide shelter for crops, acting as a windbreak

• To prevent soil erosion by wind and water

• Not to compete with the crop for light, moisture or nutrients

• Not to harbour weeds, pests or diseases

• To harbour beneficial plants and animals (eg predators of pests, pollinators).
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A hedge needs to be managed differently according to the function fulfilled by it in a 

particular area. A hedge designed and planted primarily for wildlife value would be 

entirely different from a purely stockproof hedge. Where a hedge has to fulfil both 

conservation and stockproofing functions, the appropriate management strategy is 

necessarily to some extent a compromise. Feehan and Keena (2001) detailed some of the 

management strategies for each of the structural features of a hedge which fulfil these 

various values. The woody species which make up the hedge are important in 

determining its wildlife value, since some tree species, such as hawthorn and oak, support 

a high number of invertebrate species whereas others, such as ash and sycamore, do not. 

In Britain, over 200 insect species are associated with hawthorn, 450 with willow and 

over 420 with oak (Kennedy and Southwood, 1984). These invertebrate inhabitants 

include a large number of predatory species which reduce pest numbers in the crop, 

fulfilling a biological control function. Research at Southampton in the UK has shown 

that a 50% reduction in polyphagous predators’ numbers resulted in the grain aphid’s 

(Sitobion) numbers rising above recommended spraying thresholds (Wratten, 1988).

A PCA (Principal Components Analysis) of the data in a study by Moonen and Marshall 

(2001) to analyse the impact of hedge management practices showed that gapping-up of 

hedges had contributed strongly to the diversity in hedge-bottom vegetation, as did large 

boundary width and the presence of a sown strip. Me Adam et al. (1996) and Hegarty et 

al. (1994) have also conducted studies demonstrating that gapping-up of hedges 

contributes significantly to an increase in species richness. Planting new quicks entails 

soil disturbance, which stimulates the germination of seeds that were present in the seed 

bank. Importantly, the former study concluded that if the objective of hedgerow 

management is the enhancement of ground vegetation diversity, this may not be 

compatible with other hedgerow functions such as shelter and creating a stockproof 

barrier (McAdam et al., 1996). The gapping-up of hedges and the planting of new quicks 

are recommended and encouraged under Measure 5 of the REPS.
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2.2 .4 . The ecological effects of Input reduction In field margins

Herbicides and pesticides

The REPS prescribes elimination of inputs including pesticides and herbicides in the 

1.5m margin area. Pesticides have highly variable residence times in the soil. The now 

little-used chemical DDT has a long residence time, but many organophosphate-based 

insecticides have very short residence times. Their ecological effect is primarily to 

disturb the food supply for other organisms, and to impact on populations of non-target 

invertebrates. Herbicide elimination is clearly of benefit to both the field margin flora 

and to invertebrates which are associated with plants that are sensitive to herbicide drift. 

In a trial involving the elimination of herbicides and insecticides from the outer three to 

six metres of winter wheat, De Snoo et al. (1998) observed a significant increase in both 

the species richness and abundance of butterflies in the field margins during treatment 

years. In a similar study on field margin vegetation, significant increases in both the 

presence and abundance of plants in unsprayed margins was observed after four years 

(De Snoo, 1997). This effect was recorded on winter wheat, sugar beet and potato crops. 

Significant crop cover reductions were found on sugar beet only. In the UK, the 

Boxworth Project investigated the effects of three levels of pesticide application on crop 

yield and on a broad spectrum of wild animals and plants, ranging from arable weeds and 

insect pests to birds and mammals. The leaving of a 6m unsprayed strip around a cereal 

field edge was found to allow the development of a diverse herb flora within the crop, 

with increases in invertebrate groups, benefiting populations of the endangered grey 

partridge (Perdix perdix). Results of the study are reviewed in Grieg-Smith (1991).

It is important to note that these beneficial effects were observed in input-free margins of 

three to six metres in width. The REPS requires that a much narrower area, only 1.5 

metres, be left input-free.
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Herbicide elimination and weed control

Some 60% of the farmers in the United Kingdom and The Netherlands spray their field 

boundaries with broad spectrum herbicides in attempts to control weed infestations. 

Besides worsening weed problems instead of solving them, these activities are 

detrimental to field boundary diversity (Kleijn and Snoeijing, 1997). W eed infestations 

in tillage field margins pose a serious problem for many Irish farmers, both REPS and 

non-REPS. A common belief amongst farmers is that weed species spread from 

boundaries into the crop, although the majority of field boundary plant species do not 

successfully colonise the main crop area. Studies indicate that approximately 25-30% of 

species recorded in the boundary area are also present in the adjacent crop, but few 

extend beyond 2.5m into the crop area (Marshall, 1988; Marshall, 1989). Marshall 

(1988, 1989) distinguished four patterns am.ongst the constituent species of the field 

margin:

1. Species limited to the boundary;

2. Species which reach their highest density in the boundary with decreasing density 

into the crop;

3. Species which are usually limited to the crop, though occasionally in the boundary;

4. Species with their highest density in the crop edge, though present in both the 

boundary and the main crop.

Research on seed dispersal has indicated only limited seed movement from field edges. 

Cleavers (Galium aparine), the commonest and most competitive of the dicotyledonous 

weeds, tends to originate from the boundary. Few other dicotyledonous weeds do so. A 

greater number of grass weed species spread out from field boundaries, the most 

notorious of which is scutch or couch grass (Elymus repens), which spreads by rhizome 

growth. Although the problematic species comprise only a small part of field margin 

flora as a whole, they are often disproportionately vigorous and abundant.

It is generally accepted that increase in nutrient status and disturbance have promoted a 

species-poor flora in many field boundaries. Disturbance factors such as fertiliser
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contamination, spray drift, close cultivation and burning can all have a negative impact: 

close cultivation can reduce the habitat for ground flora species and affect shrub root 

growth, while fertiliser application selectively affects species composition, promoting 

certain vigorous species at the expense of others. High nutrient status favours dominance 

by a small number of competitive species capable of exploiting the conditions at the 

expense of slower-growing species. The simple removal of these pressures, as 

recommended under the REPS, is not sufficient to reverse the establishment of this 

troublesome weedy flora.

Most field boundary species are inoffensive, and a range of insect species, many of which 

are beneficial, are associated with plants in the field margin. These plants and 

invertebrates, and the benefits that they yield to the farmer, are jeopardised by anything 

more than selective control of certain margin plant species (Marshall, 1988).

Encouraging a perennial herbaceous flora limits the opportunities for annual weeds. 

Marshall (1988) wrote that the farm er’s aim should be to develop a stable, species-rich 

habitat which by its nature will contain only low populations of potential field weeds. 

Long-term control should ideally address the underlying reasons for particular 

assemblages of species, and management should endeavour to reduce disturbance and 

inputs, particularly fertiliser and herbicide contamination. Once broad-spectrum 

herbicides have been applied to a field margin, repeated applications will be required 

every year to control the annual plant species which will then dominate the habitat.

Fertilisers in field margins

There is a wealth of evidence to suggest that application of nitrogen fertilisers reduces 

floristic diversity in grassland communities (eg. Silvertown, 1980; Tilman, 1999; Bullock 

et a l,  2001), and the literature on the subject was reviewed by Begon et al. (1996) and 

Boatman (1994). The effect of fertiliser on plant diversity is to reduce species richness at 

both high levels of fertiliser application, and very low levels. M anagement by cutting can 

lead to greater plant species diversity by removing the biomass of the potentially
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dominant species (Milne, 1997). Timing is important because it should not interfere with 

the flowering and seed setting of the plants. Bullock et al. (2001), in a long-term grazing 

experiment on grassland, observed that an overall fall in soil fertility correlated with the 

drastic decline of the two dominant grasses {Lolium perenne and Agrostis stolonifera), 

and the increase in abundance of most other species.

Inorganic versus organic fertilisers

Jones and Haggar (1997) conducted a five-year study of the impact of nitrogen and 

organic manures on the yield, botanical composition and herbage quality of two grassland 

field margins in mid-Wales. A high N treatment (300 kg N ha ‘ year ‘) reduced the forb 

component to less than half its original level, whereas applications of FYM (farmyard 

manure) showed signs of developing species-rich communities while providing a 

relatively high-yielding and nutrient-rich field margin sward of high mineral content. 

Twelve species grew on the high-N plots, including netUes {Urtica dioica) and hogweed 

(Heracleum sphondylium), which thrive under high fertility conditions. Twenty-four 

species were found in association with the organic manure plots, including such low 

fertility species as wood sorrel {Oxalis acetosella) and wood sage (Teucrium scorodonia). 

Organic manure, although containing readily available ammonium nitrate nitrogen, also 

contains undigested proteins which slowly release nitrogen for plant uptake. Compared 

with chemical nitrogen fertiliser, the efficiency of organic manures varies from 60-90% 

of N utilisation. Organic manures are therefore less damaging to plant communities 

within the field margin and hedge bottom ecosystems (Jones and Haggar, 1997). 

Ironically, the REPS is reducing the use of FYM  through its promotion of slatted units 

and slurry tanks. Slurry is more concentrated than FYM, and it does not afford the 

benefits to flora described above.

The effects of input reduction on invertebrates

Pesticides are obviously damaging to invertebrates on farmland, because they not only 

kill target pests, but also reduce the populations of other non-target invertebrates in the
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community. Exposure may result in sub-lethal effects including reduced fecundity, and 

research into this particular aspect of pesticide impact is ongoing in the UK (Robinson, 

K., pers. comm.). Chemical residues may persist in the soil and can also affect predators 

which consume tainted prey. The consequent bioaccumulation of toxic chemicals in 

species at higher trophic levels is well documented in relation to persistent, fat-soluble 

pesticides such as DDT (Carson, 1962). Fertiliser application also tends to reduce 

invertebrate diversity because it reduces botanical diversity and heterogeneity.

The impact of agrochemicals on carabids has been studied (Purvis et al., 1988; Purvis, 

1996; Lee et al., 2001). Long-term investigations of pesticide impact are uncommon but 

suggest that many species are only temporarily affected, with population recovery 

frequently occurring by the following crop season. It appears that timing of insecticide 

application is important in determining the impact on the carabid population; life history 

details often explain the differential survival of or severe impact suffered by certain 

species after chemical application. The effects of repeated annual application of 

methiocarb-based slug pellets on carabid activity in a winter-sown cereal field were 

investigated by Purvis (1996). Non-target effects included severe, although largely 

temporary, reduction of the winter-active carabid population.

The effect of field margin width on carabid beetles has been studied in the UK (Telfer et 

al., 2000). Arable field margins of 3m and 6m were surveyed by pitfall trapping, and 

margin width was found to have no effect on carabid assemblages. Factors correlating 

with diverse carabid populations were bare ground, tussocky grassland, hedges and 

copses.

The effects of agrochemical drift

The main practical difficulty in adhering to those measures which require the elimination 

of inputs is the problem of drift during application. There is no mention in the REPS of a 

buffer zone to prevent damaging levels of drift from entering the 1.5m margin area. De
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Snoo and De Wit (1998) found that creation of a 3m buffer zone decreases agrochemical 

drift by a minimum of 95%. With a 6m buffer zone, no drift deposition in the ditch could 

be measured at a maximum wind speed of 4.5 metres per second. De Snoo and De W it’s 

socioeconomic research among farmers also indicated that buffer zones such as 

unsprayed cereal edges and unsprayed grass strips, could easily be adopted in agricultural 

practice.

Kleijn and Snoeijing (1997) conducted experimental work on the effect of agrochemical 

drift on field boundary vegetation. The effects of three levels of fertiliser and four levels 

of herbicide on plots in a low productive meadow and a high productive fallow arable 

field were monitored for three years. In both vegetation types, fertiliser application 

correlated with a decline in species richness through a loss of species of low stature. 

Herbicide application also correlated with a decline in species richness, appearing to 

stimulate the biomass production of grasses while inhibiting that of forb species. 

Significantly affected species tend to be minor components of the vegetation such as 

Cerastium fontanum  and Rumex acetosa. Thus, in the long run, the deterioration of field 

boundary vegetation due to agrochemical drift is predicted to take place by elimination of 

subordinate species from the field boundary. There are indications that invertebrates may 

be even more sensitive to pesticide drift than plants are to herbicides (Moonen and 

Marshall, 2001).

Pesticide drift applied by a common tractor-mounted spray boom is strongly influenced 

by boom height, nozzle type, wind speed and direction and tractor speed at the time of 

spraying. Drift measurements under normal conditions vary, ranging from 1% to 16% of 

the amount applied to the crop l-2m  from the last nozzle. Even at 3-4m from the last 

nozzle, spray drift can be approximately 4% of the applied dose. The effects of fertiliser 

application on a range of vegetation types has been documented meticulously, and the 

phenomenon of fertiliser misplacement is poorly documented by comparison (Kleijn and 

Snoeijing, 1997).
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The only solution to the problem of agrochemical drift may be to stay further away from 

field boundaries, watercourse margins and habitats during application, and to avoid 

windy conditions. Simple and effective though these steps are, little attention is paid to 

them in the REPS handbook, and the problem of drift is one of the most frequently cited 

difficulties with adhering to REPS measures.

Measure 9 -  sufficient to tackle weed problems in tillage field margins?

In cases of severe weed infestation, where species such as cleavers {Galium aparine), 

barren brome (Bromus sterilis) and scutch grass {Elymus repens) dominate the habitat, 

the simple elimination of inputs is not sufficient to stimulate the return of a stable, 

perennial field-margin flora in the short to medium, term. Many tillage field margins are 

emerging from a history of frequent and heavy herbicide and fertiliser application, and 

there is some research to suggest that it can be many years before the effects of herbicide 

application wear off. Futhermore, research discussed above would suggest that a margin 

of 1.5m is simply too narrow to be of benefit to field margin flora and fauna. It is also 

too narrow to allow for the inevitability of agrochemical drift. There is no discussion in 

the REPS of the need to give a wider berth than just 1.5m if drift is to be reduced.

In cases of severe weed infestation, the establishment of a less weedy flora can be 

accelerated by the cropping of the weedy field margin vegetation in order to ‘bleed’ the 

soil of excess nutrients, thus reducing the dominance of key vigorous ruderals. An 

alternative may be to destroy the existing weed flora, replacing it with a seed mixture of 

desirable non-invasive perennial species, preferably of local provenance. Research on 

such options under Irish conditions is currently ongoing (Sheridan, H., pers. comm.). 

Several studies have demonstrated the positive effect of sown strips alongside hedges. In 

a study on farms in Wiltshire in Britain, sown grass and/or wildflower strips adjacent to 

the hedge-bottom were found to have a positive effect on the species richness of the 

hedge-bottom vegetation (Moonen and Marshall, 2001). The sown strips reduced the 

abundance of key weed species, including Galium aparine and Urtica dioica. The
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mechanism by which this suppression occurs is Ukely to be the reduction of mechanical 

soil disturbance, rather than the reduction of nitrogen input.

2.2.5. Grazing, cutting and the effects of fencing

Milne (1997) reviewed the impact of the major tools of grassland management on the 

diversity of higher plants, invertebrates, birds and mammals in the UK. These tools of 

management are stocking density, grazing control, fertiliser application and cutting. 

Alpha diversity of higher plants can be described by a bell-shaped relationship with plant 

biomass. At very high or very low grazing pressure, species diversity drops, with 

intermediate grazing intensity correlating with higher diversity levels. For many 

grassland communities, maximum diversity is obtained by a combination of grazing 

management, fertiliser application and cutting regime. Invertebrate and mammal species 

diversity is likely to be maximised at low grazing pressures and levels of fertiliser 

application. Diversity of bird species is also likely to be higher at low grazing pressures 

but the habitat requirements of different species of birds vary widely, making it difficult 

to generalise. Overall, the diversity of higher plant, invertebrate, bird and mammal 

species is likely to be greater at lower grazing pressures.

Of the 134 grassland communities described by Rodwell (1992) for Britain, 92 are 

dependent upon agricultural management for the maintenance of their botanical 

composition. The remainder are maintained by extreme climatic and edaphic factors and 

are found mainly in montane, upland and coastal environments (Rodwell, 1992).

Grazer type influences the manner in which the biomass is removed through differences 

in bite size and degree of selectivity. The nature of excretal return and the extent of 

trampling damage also influence the flora. Grasses are more resistant to grazing damage 

than forbs because of the relative positions of the plant meristem: in grasses the meristem 

is located at the base of the leaves and stems, whereas in forbs it is located apically at the
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end of the shoots. Tussock grasses tend to be less resistant to heavy defoliation than mat- 

forming grasses and annual forbs are less resistant than perennials. Where a species has a 

combination of low resistance to the impacts of grazers and a high preference by grazers, 

persistance within the community is unlikely.

Bullock et al. (2001) reported the results of a long-term experiment on the responses to 

grazing of an area of lowland grassland in the UK. After eight years, point quadrat 

surveys showed responses to grazing treatments by 17 of the 22 most common species. 

After twelve years, more species were found to have responded to treatments. Species 

differed in their responses. Species richness was increased by spring grazing, decreased 

by heavier summer grazing and unaffected by winter grazing. Community change was 

manifested mostly as increases or decreases in the abundance of the dominant species. 

The study concluded that vegetation changes due to grazing differ depending on the exact 

grazing regime, season and grazing intensity.

On fertile soils with nonlimiting precipitation (e.g. in agricultural pastures, salt marshes 

or river flood-plains), dominant plants are productive and light competition is important 

in the absence of grazing. This scenario describes well the change that takes place as a 

result of fencing off. Strong light competitors (such as tall grasses and woody plants), are 

likely to take over and dominate the habitat when grazing pressure is removed, and this 

vegetation is often unpalatable (because of the high stem-leaf ratios) to all but the large 

herbivores (such as cattle) when mature (Olff and Ritchie, 1998). How'ever, Me Adam et 

al. (1994a) were of the opinion that if wildlife is to be conserved, hedges and field 

margins must be protected from grazing and other intensive grassland management 

operations. In a trial to assess the impact of grassland management practices on field 

margin flora and fauna, fertilised and sheep-grazed field margins were found to be 

significantly lower in plant and Carabidae species richness than unmanaged control 

margins. Fencing was recommended as a protective measure, but McAdam et al. felt that 

there is little advantage to be gained from fencing further out than Im  from the hedge 

base, and that impacts would vary widely depending on the historic and management 

background of the hedge. It is concluded that the impact of fencing off on field margin
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flora depends very much on the level of soil fertility and on the type of stock. However, 

in fertile cattle-grazed areas it can have the undesirable effect of removing many of the 

low-growing plants from the habitat, as the removal of grazing pressure allows vigorous 

fast-growing plants to shade them out.

The effects of different types of grazing

Schmid and W iedemeier (1999) described the different grazing techniques of cattle and 

sheep. Cattle tend to grasp a whole tuft of grass with their tongue and rip it up.

Therefore, they can get no closer than 2 cm to the ground. Because of their wide mouths 

they are unable to be particularly precise and selective. Sheep on the other hand, with 

their narrow heads, choose particular plants or particular parts of plants. With their 

forked upper lip they feed selectively on blades and leaves which they pull up with their 

lower teeth against the palate. Their snout can reach deep into the ground, allowing them 

to cause serious damage to plants. Sheep-grazing selects against the survival of non

rosette plants with apical meristems borne aloft, and can restrict the regrowth of managed 

hedges by eating regenerating shoots (McAdam et ah, 1994a). Fully-grown cattle can 

cause extensive poaching damage to the ground, particularly on slopes. Although sheep 

are lighter they have pointed hooves, and so can still open up the ground. Finally, horses 

can be very selective and are capable of completely wiping out one or more species of 

plant from a site, and unless they are very carefully managed they produce very patchy 

grassland.

Olff and Ritchie (1998) reviewed the impact of different sizes of grazing animals on plant 

diversity. Insight is emerging into the relationships between herbivore body size, 

variation in their digestive capability, spatial scale of effect and vulnerability to predators. 

Small nondigging herbivores, such as insects and soil mammals, generally create 

relatively few soil and plant canopy disturbances and do not appreciably reduce the 

biomass of tall, coarse, competitively dominant grassland plants. In years of peak 

abundance, however, they can heavily defoliate dominant plant species and increase
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diversity. Intermediate-sized herbivores such as herbivorous birds and digging mammals, 

can reduce the biomass of dominant species under certain conditions. Their digging, 

though, can create soil disturbances that enhance plant colonisation and establishment 

and thus increase local diversity. Furthermore, a high preference to forage in the vicinity 

of shrub cover to avoid predators could enhance existing spatial variation in vegetation 

structure and enhance diversity at larger spatial scales.

Large grazing herbivores, such as livestock and ungulates, have more consistent effects. 

They can utilise abundant, low-quality food (i.e. competitively dominant grassland 

plants) and typically create frequent, small disturbances across the landscape. Larger 

herbivores can transport soil and seeds over large distances, and can thus act as more 

efficient seed dispersers than small herbivores. Their spatially heterogeneous urine 

deposition could also increase regeneration sites and soil heterogeneity. Thus, larger 

herbivores increase plant diversity through several mechanisms. However, large 

herbivores at high density, such as intensive livestock grazing, can graze unselectively 

and in some cases create widespread erosive, detrimental soil disturbances, leaving only a 

few tolerant plant species, thus reducing plant diversity. These various effects of 

herbivores are mediated by the characteristics of the environments in which they feed 

(Olff and Ritchie, 1998).

Grazing impact at different spatial scales

Local disturbances and selective grazing can enhance biodiversity at local scales, but 

strong selection for grazing-tolerant plant species can act to reduce the species pool 

richness at larger scales. This prediction is supported by a study of cattle grazing in 

Argentinian pampa (Chaneton and Facelli, 1991) in which plant diversity was greater in 

grazed than in ungrazed treatments when small areas were compared, but was lower 

when samples from larger areas were compared. In addition, local effects of large 

herbivores can occur over a much larger spatial scale than local effects of smaller 

herbivores: thus, herbivore body size interacts with scale.
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The effects of herbivores on plant diversity also differ with the environment. Grazing 

mammals in more productive grasslands, such as tall grasslands in the western Serengeti 

or temperate grasslands in Europe, increase plant diversity. Grazers in arid or very saline 

environments may not alter, and can even decrease, diversity. For example, herbivores in 

North American tallgrass prairie on poor soils decrease plant diversity, whereas those on 

rich soils increase it.

The impact on invertebrate diversity of grazing and cutting

In general a low grazing pressure from large herbivores is favourable to maximising 

biodiversity of invertebrates because structural diversity is greater, and the frequency of 

defoliation and trampling are not so high as to be detrimental to the habitat, yet a supply 

of dung is maintained. Certain invertebrate species do benefit from heavy grazing, such 

as the adonis blue (Lysandra bellargus) on calcareous grassland in the UK. In general 

however, structural complexity and varied plant architecture foster high invertebrate 

diversity.

Research by Schmid and Wiedemeier (1999) illustrates the importance of grazing to 

invertebrates in grassland. The presence of the grazing animals generates and maintains a 

heterogeneity and microhabitat variation which is lost if grazing is replaced by 

‘conservation m owing’. Schmid studied the relationship between grazing, cutting and 

biodiversity in Swiss alpine meadows. Butterflies, grasshoppers, wasps and bees were 

surveyed on extensive pastures -  both cattle and sheep -  and mown meadows. The 

average plant species richness was 23% higher in the pastures than in the mown 

meadows. When widespread and ruderal species such as shepherd’s purse {Capsella 

bursa-pastoris), daisy {Beilis perennis) and ryegrass {Lolium perenne) were excluded, 

cattle pastures remained 15% more diverse than the mown meadows. The pastures were 

found to be richer in faunal species richness than the meadows, in the case of wasps and 

bees in particular. Importantly, more Red Listed fauna species were found in the pastures
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than in the meadows. Schmid concluded that this is the case because the presence of 

stock on pastures increases the microhabitat variation and spatial heterogeneity of a site. 

Small bare patches and hoofmarks benefit warmth-lovers and ground-active species 

including grasshoppers and ground spiders. A small amount of poaching creates niches 

for pioneer plant species in the community. Many invertebrates live in and around the 

animal droppings. Wasps and wild bees preferentially nest in eroded patches where 

vegetation is sparse. Although vegetation is predominantly kept low by grazing, plants 

which flower throughout the growing season are present so that higher flowering shoots 

constantly appear. Mown meadows, in contrast, are subject to a sudden, synchronised 

disturbance event, rather than the ongoing, piecemeal disturbance of grazing. Flowers 

and vertical vegetation suddenly disappear, and invertebrates with low mobility have 

little opportunity to move to a new piece of ground.

A conclusion with regard to the REPS is that where an area of previously grazed 

grassland is fenced off, the periodic cropping or clearing of the vegetation behind the 

fence -  the recommended management for fenced-off watercourse margin vegetation, for 

example -  is not as effective as grazing management in maintaining invertebrate 

diversity.

The importance to invertebrates of bare ground and soil disturbance

Carabids in tillage habitats have been extensively studied. The arable farmland habitat is 

characterised by frequent, major disturbances associated with tilling, planting and 

spraying. Soil cultivation has been shown to be detrimental to soil arthropods. It has 

been shown that there is a generally low incidence of larval overwintering carabid species 

in spring-cultivated compared to autumn-cultivated crops. This is attributable to the 

vulnerability of larval and pupal instars to soil disturbance. However, the rapid 

colonisation ability of many carabid species can allow them to maintain population levels 

regardless of soil disturbance.
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On grassland, a degree of disturbance can be beneficial for invertebrates. Cattle graze 

less evenly than sheep, since they feed by pulling up vegetation rather than by close 

nibbling. Being heavier, they also cause greater ground disturbance. The bare ground 

thus created can be very valuable for invertebrates. On sloping chalk downland for 

example, cattle grazing can produce a complex mosaic of bare hoof-prints, overhung by 

taller grass tussocks and surrounded by shorter grazed vegetation.

For many species, bare ground is essential for basking, hunting, burrowing and nesting. 

Situations as different as bare mud at the margins of ponds and bare dry sand in dunes 

and on heaths each support quite large communities of specialised invertebrates. Bare 

ground around plants can also be important: many ground-dwelling invertebrates will 

feed on plants in open space but not, or more rarely, on plants of the same species in 

closed vegetation. This can be because of the greater warmth of the ground surrounding 

a plant in open space, or because plants in different conditions can adopt different growth 

forms. It is also easier for invertebrates to find and colonise an isolated plant than one 

surrounded by other species.

Measure 3 prescribes the fencing off of streamside vegetation in order to both benefit the 

flora and to reduce pollution from livestock (Department of Agriculture, Food and Rural 

Development, 2000). Poached or bare ground is regarded as something to be reduced and 

avoided. With regard to encouraging the development of a stable perennial plant 

community, reduction of disturbance is useful and important. However, bare mud and a 

certain amount of disturbance at a water margin is in fact of great value to a wide range 

of invertebrates. Distinctive communities of invertebrates are found both on wet ground 

near the w ater’s edge and in shallow water over a bed free of vegetation. Bare ground at 

water margins may be formed by erosion, by seasonal changes in water levels, by 

trampling or by management operations. There is no type of bare ground at water 

margins which is not of some value to some invertebrates. Soft organic mud at the 

margins of eutrophic water bodies, exposed when the water level falls in summer, is 

exploited by enormous numbers of invertebrates. Flies of several families are found here 

in large numbers. Grazing animals can maintain open ground at water margins, and
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poached margins provide a useful habitat for many invertebrates. However, excessive 

erosion or trampling which generates large areas of bare mud damages invertebrate 

communities. It is these excesses which fencing under Measure 3 is beneficial in 

reducing.

2.2.6. Constraints to grassland diversity restoration

Once a permanent grassland has been ploughed, it takes decades to recreate a species-rich 

grassland once again. Tittensor and Tittensor (1986) described a farm in southern 

England which, prior to ploughing, supported in the region of 100 species. Even 25 years 

after ploughing, no more than 12 species grew in the same area.

Bakker and Berendse (1999) reviewed the constraints that can inhibit the restoration of 

ecological diversity in grassland and heathland communities. Species-rich grassland and 

heathland commnities still occur in low-intensity farming systems in many European 

countries. Gradually, such systems have either been abandoned or more intensively 

exploited, with a subsequent decrease in species numbers. Until recently, it was thought 

that restoration of these communities would be straightforward. However, abiotic 

constraints have hampered restoration more than previously thought. Biotic constraints 

can also be important.

Abiotic constraints

Atmospheric deposition of nutrients exceeds critical levels in certain areas of Europe. 

From the 1950s onwards, fertiliser application on Dutch dairy farms increased from 50 to 

about 400 kg N ha ' year ‘. In the 1970s, the average nitrogen input by fertilisers and 

purchased feeds on Dutch dairy farms was approximately 533 kg N ha ‘ year“‘, whereas 

the output from the farm (milk and living animals) was approximately 84 kg N ha ‘ year ‘.
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It is apparent that 84% of the nitrogen input either accumulated in the soil or left the 

system by nitrate leaching, denitrification or ammonia volatisation. Ammonia 

volatisation accounts for over 40% of this balance difference, increasing atmospheric 

deposition of nitrogen compounds in many ecosystems and causing soil acidification.

In most communities, the increase in nitrogen supply has favoured fast-growing perennial 

grasses. The rapid expansion of Molinia caerulea (purple moor-grass) at the expense of 

Erica tetralix in Dutch wet heathlands, Deschampsia flexuosa  (wavy hair-grass) in dry 

heathlands, Brachypodium pinnatum  (chalk false-brome) in calcareous grasslands and 

Holcus mollis (creeping soft-grass) in woodlands are examples of the out-competition of 

a great variety of low-statured or slow-growing species adapted to nutrient-poor soils, 

causing a decline in plant species richness (Bakker and Berendse, 1999).

Researchers and managers in the field have increasingly realised that deep drainage 

systems for agriculture impose severe restrictions on the potential restoration of farmland 

as nature reserves. Deep drainage has resulted in an irreversible desiccation of the soil, 

the subsequent mineralisation of organic matter and acidification because of the 

replacement of deep calcium-rich seepage water by shallow calcium-poor seepage water.

Biotic constraints in grassland restoration

The similarity between the established grassland vegetation and the seed bank is often not 

more than 50-60%. Restoration practices, such as shallow removal of the topsoil to 

reduce the nutrient pool in the soil, can unintentionally enhance the establishment of 

ruderal species that are over-represented in the seed bank by exposing the dormant seeds 

to favourable light conditions. Fortunately, it also favours the emergence of target 

species from long-term persistent seed banks; for example the sedges Carex oederi and 

C. panicea  and the rush Juncus squarrosus in Dutch nutrient-poor grasslands. However, 

the persistence of these species, which are characteristic of species-rich grassland 

communities, is often only transient or short-term (Bakker and Berendse, 1999).
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When seeds required for restoration are neither in the estabhshed vegetation nor in the 

soil seed bank of the target community, they need to be dispersed from elsewhere, from 

either the local or regional species pool. Dispersal therefore can be a limiting factor in 

the increase of plant species richness. In a long-term study of the impact of grazing 

management on grassland species diversity, Bullock et al. (2001) found that, while high 

soil fertility may be an important inhibitor of grassland diversification, dispersal 

limitation is also influential. Over the course of twelve years, substantial increases in the 

species richness per paddock were observed, but the species richness of the surveyed 

grassland as a whole increased by only ten species, three of which were experimentally 

introduced. Leontodon hispidus. Trifolium dubium  and Cirsium eriophorum  were 

successfully introduced, and an unsuccessful attempt was made to introduce Rumex 

obtusifolius. The fact that three out of four experimentally introduced species 

successfully established themselves in the grassland supports the conclusion that species 

richness increase was limited by seed availability.

2.2.7. Management of grassland for biodiversity under agri-environment 

schemes

The monitoring and assessment of agri-environment schemes in other areas of the 

European Union have set a precedent for the approach adopted in the research described 

in this thesis. In particular, the monitoring and assessment of the Northern Ireland 

Environmentally Sensitive Areas (ESA) scheme has been important and helpful.

Millsopp et al. (1997) assessed the effectiveness of the ESA scheme in maintaining or 

enhancing the species diversity of grassland habitats in the W est Fermanagh and Erne 

Lakeland ESA between 1993 and 1996. A variety of grassland habitats were monitored, 

including heather moorland, hay meadows and improved grassland. For hay meadows, 

plant diversity was significantly enhanced on participant farms. For other habitats, ESA
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participation correlated with a maintenance or non-significant increase in species 

diversity. Diversity was also maintained on non-participant sites, but there were some 

indications of reductions in species targeted for conservation and an increase in more 

competitive, ruderal grass and weed species.

Improved grasslands harboured the lowest proportion of stress-tolerators of all monitored 

habitats. Ruderal and ruderal-competitor intermediate species (CR) dominated these 

grasslands. There were no significant differences in the proportions of the species groups 

between improved grasslands on participant and non-participant farms, or between 1993 

and 1996. There was a significant difference in the proportion of stress-tolerators found 

between the years on non-participant farms, with only 2% present in 1996 compared to 

8% in 1993: species recorded in 1993 but not in 1996 included rough hawkbit (Leontodon 

hispidus) and devil’s bit scabious (Succisa prateiisis). The proportion of competitor 

species dechned on ESA participant farms between 1993 and 1996, with 17% in 1993 

dropping to 11% in 1996. It was found that numbers of carabid beetle species trapped on 

improved grasslands in ESA participant farms increased by 50% between 1993 and 1996, 

whilst species on non-participant farms increased by only 5%. One species recorded in 

1993 was not found in 1996 on improved grassland on participant farms, and seven 

additional species were trapped.

The monitoring methods adopted in the assessment of a Dutch agri-environment scheme 

were very similar to aspects of the approach taken in the current research. Kleijn et al. 

(2001) conducted a study of the impact of a Dutch agri-environment scheme on farmland 

biodiversity. Plants, birds, hoverflies and bees were surveyed on 78 paired fields that 

either had agri-environment schemes in the form of management agreement, or were 

farmed conventionally. Farms that had been in the scheme for at least six years were 

surveyed. Management agreements were not found to be effective in protecting the farm- 

level species richness of plants, either in field margins or field centres.

Further discussion of the monitoring and assessment of agri-environment schemes is 

provided in Chapter 6.

68



2.3. Statement of Objectives

The first objective of the project was to carry out an evaluation of those REPS measures 

which aim to benefit agri-biodiversity, assessing the impact that they may be having on 

plant and invertebrate species diversity.

The second objective of the project was to propose a longer-term methodology for 

assessment and monitoring of the impact of the REPS on biodiversity.
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Chapter 3 
Methodology

The methodology employed in order to achieve each of the two objectives (Section 

2.3) is discussed in turn, with most of the chapter being devoted to the first (Section 

3.1). Farm selection and the selection of taxa to be surveyed are discussed (Sections 

3.1.2 and 3.1.3), and botanical fieldwork methods are detailed in Section 3.1.4. The 

advantages and disadvantages associated with the technique of pitfall trapping 

(Section 3.1.5) are evaluated, and the pitfall trapping methods used in this study are 

described in Section 3.1.6.

3.1. Assessment of REPS measures: methodology

The evaluation and assessment of the biodiversity-relevant REPS measures consisted

of four distinct elements:

1. Analysis of the underlying basis for the measures: assessing the potential of the 

measures to benefit agri-biodiversity by reviewing the literature on the subject 

(Section 2.2);

2. Compliance: investigating the extent to which REPS fanners are fulfilling the 

requirements of the measures. This was assessed by including a ‘demonstration 

farm ’ in each group of REPS farms, and by conducting short interviews with all 

farmers (Section 3.1.9);

3. Ecological fieldwork: building on these two steps, conducting field surveys to 

assess the impact of the measures on plant and insect diversity (the subject of 

much of Section 3.1);

4. Recommendations: integrating the conclusions of these elements to make 

recommendations, where desirable, towards the improvement of the measures for 

the future (the subject of Chapter 6).
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3.1.1. Focusing the fieldwork

Due to time constraints, it was not possible to conduct wide-ranging biodiversity 

monitoring during the course of the study. Ongoing monitoring, although preferable, 

would have been possible on only a very limited number of sites. Therefore it was 

decided to conduct once-off point assessments of a larger number of sites.

In order to make the research as broadly relevant as possible, such that its conclusions 

could be extrapolated to a wide range of REPS farms, the following approach was 

taken.

• Species diversity, rather than genetic or ecosystem diversity, was examined. 

Species diversity is the most widely adopted measure o f diversity (Magurran, 

1988; From and Soderman, 1997).

• Only certain carefully selected groups were targeted for investigation, namely 

plants, carabid beetles and a group o f parasitoids. These taxa are potentially 

useful as indicator groups (Pearson, 1994): they span a wide range o f guilds and 

trophic levels, are relatively widespread, and are responsive to alterations in 

management. The taxonomic stability and straightforward sampling methods for 

these groups are practical reasons for their selection (Pearson, 1994; Stork and 

Davies, 1996).

• Two types o f farming system, cattle drystock and tillage, were examined. These 

farming systems are representative o f most o f the farms in the REPS.

• Specially designated ‘high nature value’ areas, such as SACs or SPAs, were 

avoided, as were farnis with large ‘habitat’ areas marked on the farm plan. These 

farms are not representative o f the REPS majority.

•  In order to enter the scheme, a farm needs to have a ‘farm plan’ drawn up for it by 

a qualified planner. Teagasc (the agriculture and food development authority) and 

a number o f independent private agencies draw up these plans. Approximately 

40% o f REPS farms are planned by Teagasc, making it by far the largest planning 

organisation. Because this research was carried out in co-operation with Teagasc, 

ease o f access to farm plans was assured. For these two reasons, only Teagasc- 

planned REPS farms were included in the study. This ease o f access to farm 

plans was a very important practical reason for this decision, because farm plans
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would have been much more difficult to obtain from private planners. The 

decision to include Teagasc-only farms is discussed further in Section 7.5.

•  Only farms which had been in the scheme for at least four years were examined. 

Although severely restrictive (less than 300 farmers entered the fifth year o f the 

scheme in March 1999), this was necessary to ensure that any measurable effects 

o f  the scheme would have had sufficient time to manifest themselves (McAdam et 

a l,  1997).

3.1.2. Farm selection

Currently when a farm enters the REPS, no ecological baseline survey is conducted. 

Therefore, there is rarely information available on the species and communities which 

may have been in residence on the farm at the time of entry, or on the quality of the 

habitats which sustained them. In the absence of ecological baseline data for REPS, 

non-REPS farms which were as similar as possible to selected REPS farms were 

surveyed. In other words, non-REPS farms were used as controls. It is 

acknowledged that this is a problematic approach due to the many other differences 

that may exist between REPS and non-REPS farms which can not be factored out. 

However, until such time as baseline data are available for REPS farms, this approach 

is the only alternative that may be employed. This ‘diachronic’ approach to 

biodiversity assessment was also employed in the evaluation of the Dutch meadow 

birds agri-environment scheme (Kleijn et a l ,  2001), as outlined in Section 2.2.7.

That research was published after fieldwork for this study had been completed, and it 

was reassuring to note the many similarities in the methodologies of the two studies. 

An approach to recording suitable ecological baseline data for REPS monitoring is 

described in more detail in Chapter 6.

The majority of farms in REPS are grassland farms, and the vast majority of Irish 

grasslands are improved grasslands which have been reseeded and/or fertilised over 

the years. Improved grasslands are generally species-poor by comparison with other 

grassland types such as unimproved or wet grasslands. They are dominated by 

ryegrass (Lolium perenne) and clover {Trifolium repens). In the monitoring of 

grasslands in Northern Ireland’s ESAs, the most species-rich of the improved 

grasslands that were surveyed were found to have a much lower species diversity than 

vegetation types from other species-rich habitats (Millsopp et al., 1997).
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Location of sampling areas

A total of 60 farms were surveyed: 30 grassland farms in Laois and Offaly were 

surveyed in 1999 and 30 tillage farms in W exford were surveyed in 2000. In each 

fanning type, 15 REPS and 15 non-REPS farms were surveyed (Table 3.1). 

Locations of surveyed farms are displayed in Figures 3.1 and 3.2.

Table 3.1: Breakdown of the 60 farms surveyed during the study.

County Farm type No. REPS farms No. non-REPS 
farms

Year sampled Total

Laois Grassland 7 7 1999 14

Offaly Grassland 8 8 1999 16

Wexford Tillage 15 15 2000 30

Grassland was surveyed in the first year and tillage in the second, rather than 

investigating both simultaneously. This approach precluded crosswise comparison of 

the two farming types, since the differences which might exist between tillage and 

grassland cannot be separated from the effects of year and of different geographical 

area.

This approach was adopted for two reasons. Firstly, more cattle drystock farms than 

tillage farms joined early in the scheme. This would have made the selection of 

tillage REPS farms very difficult in 1999, since all surveyed REPS farms must have 

been in the scheme for at least four years. For the 2000 fieldwork season, farms 

needed to have joined the scheme prior to June 1996 rather than June 1995, which is 

less restrictive, resulting in a larger pool of candidate farms. Farms were then
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randomly selected from the pool of candidates. Secondly, to look at both types in 

both years would have been a risky strategy: if serious problems had arisen with the 

first year’s fieldwork, work on both farming types would have been compromised. It 

would not have been possible to make even small modifications to the sampling 

strategy, since the methodology would have to be identical if data from different 

years were to be pooled or compared. Additionally transport and time costs would 

have been much greater.

Laois and Offaly were selected for grassland farm surveying because they have a high 

proportion of drystock grassland (Coulter et ah, 1998). They also have the advantage 

of being areas with which the author was already reasonably familiar. It had been 

planned to include farms in Mayo in order to have representation of grassland farms 

from the west of the country, Laois and Offaly both being in the midlands. Mayo has 

a high proportion of grassland and in 1999 it was the county with the highest 

proportion of REPS membership, at 57%. A number of visits were made to Mayo, 

but fieldwork did not advance beyond a preliminary stage. The principal reason for 

not including the county was that since the numbers of farms to be surveyed were 

already limited, it was important to minimise variation by remaining in one region.

To subdivide the farms between two different geographical areas would have 

weakened the confidence with which conclusions could be drawn about either of 

those areas. A second reason was that logistically it would have been more difficult 

to survey Laois, Offaly and Mayo during the same season, particularly with regard to 

the pitfall trapping which needs to be carried out on all farms as near to 

simultaneously as possible. The dominance of stone walls rather than hedgerows in 

parts of Mayo would have made farm choice more difficult and would have made 

comparisons with the midland farms problematical. A final reason for the decision 

not to work in Mayo was the fact that Mayo has a very high proportion of non- 

Teagasc, privately-planned REPS farms, meaning that selection of non-REPS farms 

would have been particularly difficult in this county. During the final stages of 

fieldwork planning, a delay was experienced in obtaining some necessary information 

from Teagasc offices in Mayo. During this delay it became clear that there were 

more than sufficient suitable farms in Laois and Offaly, and the necessary fieldwork 

arrangements were then made.

All tillage surveys were conducted in Wexford, since this county has a high 

proportion of tillage land. After some preliminary work in the Enniscorthy Teagasc 

office in March 2000, it became clear that a large number of tillage farms in different 

areas of the county had entered the scheme in 1994 and 1995 - in fact, W exford had 

the highest number of REPS farms in the first year of the scheme (Lafferty et a i,
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1999). Expansion to W aterford had been considered, but this was not necessary 

because W exford had a sufficient number of suitable farms. As well as reducing the 

geographical variation that would have resulted from surveying further afield, this 

had the advantage that all farm selection work could be done from two Teagasc 

offices (in Enniscorthy and Wexford town), rather than three or four as would have 

been the case if Waterford had been included.

Criteria for farm selection

REPS farms were selected by obtaining lists of the Teagasc-planned REPS farms in 

the county, together with client lists for the farm type in question. Those farms that 

had been in the scheme for at least four years and which appeared on the Teagasc 

grassland management (in the case of Laois and Offaly) or tillage (in the case of 

W exford) client lists, were highlighted. The farm plans for these farms were then 

examined and a number of criteria were applied (Table 3.2).
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Table 3.2: A list of the criteria that were applied during the process of farm selection 

prior to fieldwork during March/April 1999 and 2000.

1999
Laois/Offaly grassland farms

2000
W exford tillage farms

Joined the scheme before June 1995 Joined the scheme before June 1996
Watercourse present (alongside grassland 
field)

Watercourse present (alongside tillage 
field)

At least two stretches o f hedgerow >30m 
in length (alongside grassland fields)

At least two stretches o f hedgerow >30m 
in length (alongside tillage fields)

Where possible, farm approximately 35- 
40 ha in size. Very small and very large 
farms were avoided.

Where possible, farm approximately 35- 
40 ha in size. Very small and very large 
farms were avoided.

Where possible, two or more farms from 
the same townland selected

Where possible, two or more farms from 
the same townland selected

The fertile lowlands in the Stradbally 
region, and the grassland farms 
interspersed with bogland in west Offaly, 
were focused upon

Farms from three Wexford soil types 
selected: Macamores from the north-east 
o f the county, Clonroche Series from the 
mid-west and Rathangans from the south
east of the county

Demonstration farm automatically 
included.

Demonstration farm automatically 
included.

These candidate REPS farms then needed to be ‘paired off’ with similar non-REPS 

farms in the same areas. In order to do this, the Teagasc client lists for the farming 

system in question were used: cattle client lists in Laois and Offaly, and tillage client 

lists in Wexford. All farms listed on the Teagasc REPS membership database were 

eliminated from these client lists, and farms in the same townlands as REPS candidate 

farms were recorded to make up the non-REPS candidate list. In the absence of a 

REPS farm plan, less information was available about these non-REPS farms, and so 

it was ensured that the candidate list was long enough to allow for the higher number 

of farms that would transpire to be unsuitable. In an attempt to minimise inter-farm 

variation, efforts were made to select clusters of a mixture of REPS and non-REPS 

farms. This also had clear logistic advantages in the efficiency with which fieldwork 

could be conducted.
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Farm planners and other Teagasc advisers and secretaries in the Portlaoise, Birr, 

Enniscorthy and Johnstown Teagasc offices were most helpful and obliging, 

providing access to confidential lists, assisting with tracking down the farm plans of 

candidate farms, and in particular with helping in the pairing of REPS farms with 

similar non-REPS farms. Several farm planners also went through the candidate lists, 

recommending certain farms and cautioning against the inclusion of others. This was 

very helpful in some respects where there was a legitimate reason, such as serious 

illness, for not bothering certain people. However, these recommendations were not 

always adhered to in final farm selection where it was decided that they compromised 

the randomness of this final selection to an undesirable extent. For example, a 

W exford planner cautioned against including a number of the farms on the candidate 

list on the basis that they weren’t ‘ideal’ REPS farms.

Letters were then sent to each of the ‘short-listed’ farmers, briefly explaining the 

purpose and nature of the research and asking permission to visit the farm to have a 

look around. This letter was followed up with a telephone call one to two weeks 

later. Farmers that did not object to their farm being included in the survey were 

visited and details recorded are summarised in Table 3.3.
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Table 3.3; Summary of the management details recorded during the preliminary 

farm visits. The final selection of farms was made on the basis of this information.

1999
Laois/Offaly grassland farms

2000
W exford tillage farms

REPS membership or non-membership 
confirmed

REPS membership or non-membership 
confirmed

Presence o f at least two grass fields which 
have not been reseeded for at least five 
years

Presence o f at least two fields which have 
been exclusively tillage for the past five 
years

Presence o f hedgerows and watercourse 
alongside these fields

Presence o f hedgerows and watercourse 
alongside these fields.

Where possible, sufficient internal rather 
than boundary hedges available (see 
Botanical Fieldwork Methods for further 
detail)

Where possible, sufficient internal rather 
than boundary hedges available

Where possible, fields grazed by only 
cattle during the last three years.

Unsuitable farms having been excluded on the basis of these characteristics, the final 

selection was made by randomly picking farms from those remaining on the list. The 

criteria are restrictive, and some of those farms selected did not meet every criterion, 

but they were judged to be sufficiently suitable to be included and were balanced, 

where possible, by a similar farm in the other REPS membership category.
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Figure 3.1: Locations of REPS (dark green) and non-REPS (red) farms surveyed in 
Laois and Offaly. GPS readings were taken from all surveyed field margins and 
watercourse margins, but in the interests of confidentiality they are not listed here.
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Figure 3.2: Locations of REPS (dark green) and non-REPS (red) farms surveyed in 
Wexford.



3.1.3. The selection of taxa for assessment

Plant species monitoring in association with invertebrate monitoring provides a 

comprehensive indication o f the biodiversity o f a habitat (M illsopp et a i ,  1997). 

Plants, Carabidae (ground beetles) and a group o f aphid parasitoids were the taxa 

selected fo r assessment. The inclusion o f a parasitoid taxon was intended to broaden 

the survey through the addition o f a new guild, allowing a more comprehensive 

picture o f the diversity o f surveyed sites to emerge. However, this component o f the 

survey was only carried out on grassland farms and the data were not used in the final 

analysis

Flora

Higher plants are the mainstay o f many monitoring and assessment studies. They are 

the primary producers and most habitats are characterised according to floral 

composition. Plant diversity can act as a surrogate for the diversity o f other taxa 

because many species in a community are specifically adapted to the presence o f host 

plant species (Spellerberg, 1995; Begon et a i ,  1996). Recording detailed changes at 

the level o f plant species is a widely-used way o f examining long-term ecological 

changes, including the relationship between plant composition and agricultural 

mangement (Leader-Williams, 1987; Hopkins and Wainwright, 1989; Rodwell,

1992). There is much research to suggest that the increase in the use o f slurry, 

chemical fertilisers and silage cutting has resulted in the loss o f species diversity in 

grassland and hedgerows in favour o f species which respond to higher-nutrient soils 

(Bunce et a i ,  1992; M illsopp et a i ,  1997). Botanical changes associated w ith agri

environment management prescriptions which attempt to reduce or reverse this may 

be slow to occur. However, changes can be more rapid in response to certain 

management strategies, including stock exclusion and herbicide elimination 

(M illsopp et a i ,  1997). These management strategies are amongst those assessed in 

this research.

Fauna: Carabidae (ground beetles)

The Carabidae or ground beetle fam ily is the largest adephagous coleopteran family. 

There are an estimated 40,000 carabid species worldwide, nearly 3000 o f which have
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been described from Europe. The Carabidae is a well-studied group and is a favourite 

of experts and amateurs alike. The systematics of the group have been exhaustively 

examined, particularly in Europe. The natural history and biogeography of Carabidae 

species have been studied thoroughly (Thiele, 1977; Luff, 1998). In Ireland 211 

carabid species have been recorded. The Carabidae in Northern Ireland have been 

particularly well surveyed, being the subject of the first Atlas produced by the Centre 

for Environmental Data and Recording (CEDaR), established by the Ulster Museum 

in 1995.

Diverse carabid assemblages occur on farmland, where they have been studied 

widely. The family includes numerous polyphagous predatory species, such as Abax 

parallelepipedus, which may benefit farmers by eating pests such as slugs and aphids 

(Kromp, 1999). They are also an important food source for many farmland birds and 

mammals.

The importance of predatory carabids as pest control agents has become very evident 

and many studies have placed emphasis on their role as polyphagous predators. 

Several studies indicate that Bembidion lampros and Trechus quadristriatus, two 

small carabid species, may be important predators of root fly eggs (Mitchell, 1963; 

Thiele, 1977). Because of their seed-eating (spermophagous) habits, certain species 

of Harpalus and Amara  could have potential for biological weed control (Kromp, 

1999). The presence of polyphagous predators in the field boundary can reduce the 

numbers of aphids in cereals and other crops (Wratten, 1988; Wratten and Powell., 

1991). Sunderland and Vickerman (1980) compiled an index of predation, ranking 16 

polyphagous predators on the basis of diet and density. Three species of Carabidae 

(Agonum dorsale, Bembidion lampros and Demetrius atricapillus), two species of 

Staphylinidae {Tachyporus chrysomelinus and T. hypnorum) and the common earwig 

{Forficula auricularia) were given the highest indices. Thomas et al. (1991) 

concluded that the development of high populations of predators can be encouraged 

by creating new overwintering habitats on farmland in the form of raised banks with 

tussocky grass cover, such as Dactylis glomerata. Similarly, Wratten and Powell 

(1991) found that Dactylis glomerata and Holcus lanatus, tussock-forming species, 

harboured up to 1600 predatory individuals per square metre.

Justification for the selection o f carabids as an indicator group 

The Carabidae are broadly distributed geographically and across a wide range of 

habitats. The group features several guilds including herbivores, predators and 

scavengers. Some species are widely-distributed generalists while others feature 

highly specific habitat requirements. They are reported to be a good indicator of
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biological change (Kirby, 1992), and are easily trapped in pitfall traps. There is a 

wealth of information available on the ecological requirements of individual species 

(Lindroth, 1996), and their potential contribution to the assessment of environmental 

threat and pollution is significant (Forsythe, 1996). The Carabidae have proved 

useful in environmental quality assessement and monitoring research (Rushton et a l, 

1989; Anderson et al., 2000).

Duelli and Obrist (1998) found that carabids show a low correlation with overall 

biodiversity in surveyed cultivated and semi-natural sites. By contrast, Heteroptera, 

flowering plants and Symphyta (respectively) showed high correlations. Moreover, 

they found that flight trap data correlated more closely with overall biodiversity in 

sites than did pitfall traps. This is because the taxa which dominate pitfall traps tend 

to be predatory and polyphagous, comprising a narrower trophic spectrum than that 

captured in other traps such as flight traps.

However, it must be taken into account than on agricultural land, biological control 

and ecological resilience are valued more highly and are of greater practical 

importance, than biodiversity per se. It is with this in mind that Carabidae were 

selected for this study.

3.1.4. Botanical fieldwork methods

On each farm, two hedges, selected lengths of the field margins associated with these 

hedges, and one watercourse margin were surveyed. Each of these components was, 

wherever possible, chosen randomly by numbering each suitable hedge or 

watercourse and making the selection using dice. Internal hedges were preferred to 

boundary hedges, because boundary hedges back onto land under different 

ownership, the management of which is unknown. In the case of internal hedges, 

information about the hedge and field margin management on either side of the 

hedgerow is available. Where both sides of the hedge were suitable for surveying, a 

coin was flipped to decide which side would be surveyed. A coin was also flipped to 

determine from which end of the hedge the 30m survey length should be measured. 

W here possible, the 30m length of hedgerow was measured 10m from the end of the 

hedge.
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Field and watercourse margins were surveyed using a nested quadrat system 

incorporating both percentage cover and species presence data (Fig. 3.3). This 

hierarchical system of measurement increases sensitivity of the assessment to changes 

in the plant community changes (Critchley, 1997). All vascular plants present in two 

large 5m x 3m quadrats were recorded, and percentage cover data were recorded for 

Im  X 3m quadrats nested within these. The quadrats were split such that the 

boundary area 1.5m out from the hedge or the watercourse was surveyed separately 

from the next 1.5m band out from that, thereby enabling assessment of the impact on 

plant diversity of measures designed to eliminate inputs in field margins and 

alongside watercourses. Vegetation in the hedge was surveyed by recording all 

species present in the 30m stretch.

This sampling system gives a total of 12 quadrats ( 2 x 2  (hedgerows) + 2 x 1  

(waterway margin), each split into ‘outer’ and ‘inner’) for each farm, and data on the 

woody vegetation of two hedgerows in each farm. This yielded a total of 720 

vegetation samples.

Vegetation data were recorded on pre-printed data sheets (Appendix 3).

Identification followed Webb et al. (1996) and Stace (1997). Collin’s Field Guide 

(Fitter and Fitter, 1993) was also used in the field. The majority of plant surveying 

was done during July, and as a consequence certain plants which flower earlier in the 

season were more difficult to identify reliably.
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Hedgerow / Watercourse

o = Pitfall trap (hedges only)

Figure 3.3: Arrangement of quadrats and pitfall traps alongside hedgerows and 
watercourses. Plant data from the inner 1.5m field margin band were recorded 

separately from the outer 1.5m to 3m band. Presence/absence data were recorded 
from the larger 5m-long quadrats, and percentage cover data from the smaller Im- 
long quadrats.
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3.1.5. Invertebrate collecting techniques, with particular reference to 
pitfall trapping

Techniques used in beetle population studies may be classified as those, such as 

pitfall trapping, which indicate population changes, and those, such as Tullgren 

funnel soil extraction, D-vac sampling and hand searching, which estimate population 

densities (Mitchell, 1963; Southwood and Henderson, 2000). Most of these methods 

suffer from the major disadvantage of being applicable only to abundant species with 

relatively large absolute population density. They also tend to be labour-intensive, 

time-expensive and are impractical for extensive longer-term study of carabid faunas. 

These methods are described in detail in Southwood and Henderson (2000), and the 

only method discussed at length here is pitfall trapping.

D-vac samplers have been used to sample beetles in different habitat types. The 

efficiency of this technique is very variable in different types of vegetation. 

Mommertz et al. (1996) concluded that short-term D-vac suction sampling is not 

appropriate for the three taxa Carabidae, Staphylinidae and Lycosidae, because 

relatively large and heavy individuals are underestimated. Coulson and Butterfield 

(1985), in comparing invertebrate sampling methods, found that sweep-net sampling 

and vacuum sampling were severely disadvantaged by the frequent rainfall, yielding 

consistent results only when the vegetation was dry. These methods also have the 

disadvantages that material can be collected only in the presence of the researcher, 

and therefore the sampling of noctumally-active or sub-soil species can not be 

surveyed. The use of Tullgren funnels to extract invertebrates from soil samples 

gives absolute densities of individuals, but many species are represented by larvae 

that are often considerably more difficult to identify.

Standen (2000) surveyed the above-ground invertebrates of a limestone grassland in 

north-east England. A comparison was made between samples from pitfall traps and 

those from a D-vac suction trap combined with a lightweight swish net. Higher 

proportions of Coleoptera and Aranae taxa were sampled only by pitfall trapping, i.e. 

they were method-unique, while higher proportions of Hemiptera and Diptera taxa 

were captured only by D-vac or swish-net (sweep-net) sampling. Standen found that 

the pitfall sample collected sufficient numbers of all the Coleoptera and Aranae 

groups to estimate species richness. It can be concluded from the study that, if 

Coleoptera in general and Carabidae in particular are being targeted on grassland, 

pitfall trapping is the method of preference.
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Terrestrial invertebrate surveys have become a standard component of biodiversity 

inventory and assessment studies (Oliver and Beattie, 1996). Although no single 

sampling method can be used to survey all taxa, pitfall trapping is one of the most 

commonly used methods to catch surface-active invertebrates. Indeed, many studies 

o f cursorial surface-active fauna such as Carabidae rely exclusively on pitfall 

trapping. It is a straightforward, inexpensive method of collecting large amounts of 

data (Southwood and Henderson, 2000; Standen, 2000). It allows for comparison of 

assemblages in different habitats, and for detection of population change.

M ommertz et al. (1996) grouped the factors which affect pitfall trap efficiency into 

those concerning trapping technique, those relating to the habitat to be sampled, and 

species-specific factors. Trapping technique includes factors such as trap diameter, 

layout and construction material of traps, use of preservatives and disturbance of 

traps. Habitat factors include structural composition, vegetation architecture and soil 

properties. Different taxa vary widely with respect to their activity level, body size 

and ‘trappability’.

Rushton et al. (1989) used pitfall trapping, in combination with multivariate 

techniques, to study the effects of pasture improvement procedures and pesticide use 

on the ground beetle and spider faunas of semi-natural upland grasslands in 

Northumberland. The species composition of improved sites was found to be poor, 

similar to that on intensively managed pastures at lower altitudes. Organophosphate 

use appeared to be an important factor influencing ground beetle and spider species 

composition.

Trap spacing

Ward et al. (2001) considered the effects of the distance between traps, examining the 

relative trapping efficiency of Im , 5m and 10m trap spacing. The Australian study 

observed a ‘digging-in’ effect -  where catches are highest initially after pitfall traps 

are inserted into the soil -  for ants but not for beetles. The 5m and 10m treatments 

had a significantly higher number of beetle morphospecies than the Im  treatment. 

Fewer rare beetle morphospecies were caught at closely placed inter-trap spacings. 

Traps which are close together (approximately Im ) may deplete a population more 

quickly than widely spaced traps. Where species of conservation interest occur, this 

should be avoided (Ward et al., 2001).
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The use and knowledge of trap efficiency are less important for studies that compare 

different treatments such as burnt and unbumt, polluted and unpolluted. In these 

cases, a single sampling design is usually sufficient to test for differences beween the 

treatments (W ard et al., 2001). In such studies, the relative differences between 

treatments are more important than the absolute trapping effiency of the pitfall trap 

layout.

Pitfall trapping -  advantages

Coulson and Butterfield’s (1985) comparison of four invertebrate sampling 

techniques found pitfall trapping to be the best method, its principal advantage being 

that it yields large samples, producing markedly more species than any of the other 

methods. The catch tends to include many adults which can be identified to species, 

including many of the noctumally-active species missing from sweep and vacuum 

samples. The traps remain functioning for all of the time that they are in place, 

independently of the presence of the researcher. Pitfall trapping is useful in longer- 

term studies, because if enough traps are used over sufficiently long time periods, 

those rarer species in the area will be more likely to be sampled, and the method has a 

high data return for relatively little labour.

Preservatives

W here traps are left in place for longer than two days, predation inside the traps by 

large carabids can cause serious loss of other beetles within the traps (Mitchell,

1963). This problem can be solved by frequent emptying of the trap, or by the 

introduction of a preservative. Preservatives mask any pheremone effects which 

could cause aggregation of some species in traps. If traps are emptied at weekly 

intervals, a salt solution with a little detergent may be used. For longer intervals of a 

few weeks, alcohol may be used, but this may act as an attractant or a repellent to 

certain groups. Propylene gycol or ethylene glycol may be used for periods longer 

than a month, but the latter is attractive and poisonous to vertebrates and so should be 

used with care (Scudder, 2000).

Flexibility o f  the technique

Pitfall trapping can be combined with ‘mark and recapture’ techniques to give direct 

measures of dispersal and population density (Mitchell, 1963). However, only a 

limited number of species can be studied at one time and the rate of recapture is often 

very low, limiting the usefulness of the approach. Directional pitfall traps can be
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devised to investigate activity patterns; Varchola and Dunn (2001) used directional 

traps to observe patterns in the movement of carabids between arable fields and 

different types of field margin.

W here ongoing trapping is being carried out, traps can be emptied with a hand- 

operated or pooter apparatus (Southwood and Henderson, 2000). Ground disturbance 

can be avoided by using two containers nested one inside the other (Scudder, 2000). 

The outer container can then be left in the ground permanently and the inner one may 

be removed for collection extraction.

If traps are to collect only ground-active arthropods, then plywood or opaque plastic 

covers may be used, raised 2.5cm or so over the traps, to keep out debris, larger 

animals and precipitation. These may be weighted with a stone and supported by 

square rods, set at right angles around the trap mouth to form an X. As well as 

supporting the lid, these rods serve to intercept animals and funnel them into the trap 

(Scudder, 2000).

Pitfall trapping -  disadvantages

The technique has many shortcomings and results need to be interpreted with caution 

(Southwood and Henderson, 2000). Trap catches reflect not only absolute population 

density but also population activity. The combination of these two factors is referred 

to as ‘activity-density’ (Thiele, 1977). Pitfall trap data can be difficult to interpret, 

since the relative contributions of population size and population activity cannot be 

separated (Southwood and Henderson, 2000; Luff, 1998). Carabid beetle activity 

depends on many factors, including climate, habitat structure, food availability and 

seasonally changing behaviour, the effect of each of which may differ between the 

sexes. The relative abundance of different species in catches is strongly influenced 

by interspecific differences in trappability associated with differences in size, agility 

and foraging or hunting behaviour (Mommertz et a i ,  1996). In addition, trap catch 

efficiency is affected by many factors, including vegetation structure around the traps 

and the crop density. The type of preservative in the trap can strongly influence 

catches; certain species or genders of species may be differentially repelled or 

attracted. All of these factors mean that pitfall data can be used as a means of 

comparing relative carabid incidence only when great care is taken in data 

interpretation.
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Despite these problems, several authors have demonstrated that pitfall trapping does 
give an adequate representation of the spider and ground beetle species composition 

in quite structurally complicated habitats (Rushton et al., 1989). Baars (1979) has 
shown that pitfall catches made throughout the year allow an adequate estimate of 
carabid population density.

Standardisation of vegetation structure and trap preservative can reduce variation and 

improve comparability; Rushton et al. (1989), in their study of the effects of pasture 

improvement on ground beetle and spider communities, ensured that vegetation 
structure of the sample sites was uniform. Consequently, pitfall trap catches could be 
assumed to reflect the differences in species composition between the sample sites, 

rather than the differences in the efficiency of the pitfall traps themselves.

Although the technique has limitations, pitfall trapping still offers the most useful 
means of monitoring the incidence and population dynamics of entire carabid 

communities. It is inexpensive in labour and time, it can be used for semi- 
quantitative studies on a large field scale and it can be standardised across different 
study sites.

3.1.6. Pitfall trapping methodology

Four pitfall traps were set in each farm, two in each of the two surveyed field 
margins. This was done at the beginning and at the end of the summer, yielding a 
total of 8 traps per farm.

Balance between the number of farms and the number of pitfall traps per farm

Pitfall traps were set in the field margins, 10m apart and 1.5m from the hedge base 
(Fig. 3.3). An inter-trap spacing of 10m has been shown to optimise the number of 

carabid species caught from the site, while minimising damage to threatened 
populations (Ward et a l,  2001). Four traps were set on each farm in early June, two 
beside each of the two hedges selected for later surveying. This was repeated in late 
August, giving a total of 8 traps for each farm and an overall total of 480 traps. These 

two sampling events were timed to capture beetles with a variety of life cycles - those 
species whose period of adult activity peaks in early summer (including species that 
overwinter as larvae with a new generation of adults appearing in early summer) and

90



those species whose period of adult activity peaks in autumn (including species that 
reproduce in late summer and then migrate to overwinter as adults in the field 
boundaries).

The intensity of sampling for each site was determined as follows:

• A small field trial was carried out by setting sample traps on farmland in Offaly in 
order to gauge the effectiveness of the traps in the grassland field margin habitat 

and the need to set more than two per hedge. The need to cover the traps with lids 
was also assessed.

• The approach used in monitoring of the ESAs in Northern Ireland was researched 
and observed first hand by accompanying Dr. Cameron’s team on a day’s 
fieldwork in the Erne Lakelands ESA (McAdam et al., 1997; Anderson et a l, 
2000; Cameron, A., pers. comm.).

• Methodology was discussed with two experienced Carabidae reseachers in the 
Republic of Ireland (Purvis, G., pers. comm; Aughney, T., pers. comm.).

In the field trial two traps were set alongside each of two hedgerows. Each pair of 
traps was 10m apart and 1.5m out from the hedge. Traps were checked after one 
week and again after two weeks had elapsed. An abundant and diverse range of 
insects, predominantly ground beetles, were trapped during this time. It was decided 
that further intensity of sampling would generate a problematic workload of sorting 
and identification afterwards. Although research suggests that four traps per farm at 
each time of sampling may not yield a sufficiently comprehensive picture of the 

carabid population of a site (Scudder, 2000), this is a lesser consideration where 
comparative studies of two ‘treatments’ are being conducted, as is the case with this 
research (Rushton et a l ,  1989; Ward et al., 2001). Where two types of management 
are being compared, it is essential that a consistent approach is adopted in both 
management treatments. The comparison, rather than the absolute trapping efficiency 

on each site per se, is of greater importance.

Timing of trapping and materials used

Glass jam-jars were used for trapping. The jars were obtained from a wholesale 
glassware company. These present several advantages: the glass surface makes 

escape unlikely and the constricted mouth helps to keep the trap interior cool and dark 
while it is in place, reducing evaporation of the preservative in the trap. When the 
trap is lifted the metal jamjar lids form a very effective seal, allowing collection and

91



removal of traps without the need to transfer the contents into another container in the 

field. Glass presents two disadvantages: weight and breakability. A small number of 

traps were cracked or broken by cattle, farm machinery or personal error (overall rate 

of trap loss = 5.8%).

Traps were left in place for 21 days and then collected. In order to prevent loss of 

data due to larger predatory beetles consuming smaller species amongst the catch, and 

to prevent caught individuals climbing out or flying away, a preservative was used in 

the traps. As discussed above, all preservatives have advantages and disadvantages - 

many repel some species while attracting others, some are toxic to vertebrates, others 

are prohibitively expensive. It was decided that alcohol was the most cost-effective 

preservative. Large quantities of ethanol ( ‘bench alcohol’) were obtained from 

Trinity College Chemical Supplies and diluted to approximately 50% strength. Each 

ja r was approximately half-filled with the solution.

Weather conditions can cause considerable variation between pitfall catches, so it was 

necessary to synchronise the trapping events as far as possible. When traps were 

being set, all farms were visited and the traps set as quickly as possible. During the 

first sampling event in June 1999, the 120 traps on 30 Laois-Offaly farms were set in 

8 days between 7 and 15 June. At the end of August that year, traps were set in the 

same locations over the course of five days. In the second year of fieldwork, 120 

traps were set on 30 tillage farms in W exford over the course of four days in June and 

four days in August.

In order to set traps, a trowel was used to dig a hole for the jar, which was then placed 

flush with the surface of the ground. Disturbance around the mouth of the ja r was 

minimised - wherever possible, grass and stones were replaced as found and the turf 

smoothed back as before. When the trap was collected three weeks later, the 

individual trap code was written on the inside of the lid, excess rainwater was poured 

away if necessary, and 70% alcohol was added to the ja r before sealing it and moving 

on to the next site. Within a few days, the contents of each trap were rinsed using a 

fine-mesh sieve, stones and leaves were removed, vertebrates such as shrews and 

frogs were recorded and disposed of, and the contents were transferred to labelled 

plastic specimen tubes. These were then kept in a freezer to await identification of 

their contents.

Identification was carried out using Lindroth (1996) and Forsythe (1996). The 

contents of one-third of the grassland pitfall traps were identified during the summer 

of 2000 by Dr Deborah McCarthy, a professional entomologist, who assisted in the
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gaining of familiarity with the keys to the group and put together a small reference 
collection from the material to assist later identification. The remaining grassland 

samples and all tillage samples were identified during the winter of 2000/2001. 

Problematic specimens were taken to Dr Gordon Purvis in University College Dublin 
in order to confirm their identity, with a small number sent for final confirmation to 

Dr Martin Luff in NewcasUe University in the UK.

Aphid parasitoids

The inclusion of parasitoids in a survey widens the scope of a biodiversity 
assessment. They are a particularly diverse taxon containing many species that have 
biological control potential (Godfray, 1994). Several parasitoid species prey on 
aphids, which remain attached to the plant as aphid ‘mummies’ following 
parasitisation. These can be easily spotted and counted in order to provide an assay 
of parasitisation level. The parasitoids can in many cases be identified to genus using 

the characteristics of the ‘mummy’, and because they are stationary their assessment 
can be standardised between different locations by surveying a set number of plants 
of one host species.

Unlike many other invertebrate groups, parasitoids lend themselves to a 
straightforward, standardisable, repeatable approach, making them useful for 
monitoring. This practical advantage was an essential consideration in group 
selection.

Field thistles {Cirsium arvense) are very widespread, and aphids are commonly found 
on them. Four thistle-feeding aphid species are common, polyphagous species: Aphis 
fabae, Myzus persicae, Aulacorthum solani and Macrosiphum euphorbiae. Several 
parasitoid wasp species in the hymenopteran families Aphidiidae and Aphelinidae 

parasitise these aphids (Redfem, 1983). These endoparasitic wasps cement the aphid 
corpse to a leaf or stem when about to pupate. The adult parasitoid emerges through 

a hole cut in the corpse or cocoon. Several parasitoid generations can be completed 
on one aphid colony in summer, with a consequent reduction in aphid numbers. 

However, they are probably commonest on colonies which are already on the decline 
and producing alatae (winged aphids) to colonise other host plants. The enlarged, 
hardened corpse or ‘mummy’ is easy to recognise, and is easily spotted and counted, 
facilitating assessment of parasitisation density.
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On each grassland farm, the density of thistles on one field was graded from one to 

five. Ten thistles of a range of sizes were randomly picked. The number of aphids on 

each of these thistles was counted, and all mummies were counted and collected in 

specimen tubes. This was done during the second round of pitfall trapping at the end 

of August. At this time of the year, most of the mummies that are encountered are 

empty shells that remain as evidence of the parasitisation event.

It was not possible to repeat this element of the sampling on the tillage farms 

surveyed the following summer, because aphicide is widely used on barley and 

wheat. No aphids were found on the thistles on the field margins, and therefore there 

were no parasitoids to sample.

3.1.7. Environmental variables

The environmental variables that were recorded from each site included hedge height 

using a clinometer, gappiness on a scale of zero to five, aspect using a compass, age 

of watercourse fence and proximity to large non-farmland habitats such as forests, 

bogland or lakes. Soil samples were taken from all the plant relevee sites, both from 

the inside 1.5m strip and the outside 1.5m strip. A basic nutrient analysis of these soil 

samples was carried out. GPS (Geographic Positioning System) readings were taken 

from all the sites, to allow for the possibility of conducting a GIS (Geographic 

Information Systems) analysis on the data. An outline of the management history and 

approximate input levels on the field was obtained by discussion with the farmer.

Hedge age

The approximate age of each hedge was determined by asking the farmer and by 

examining 1840s and 1930s Ordnance Survey 1:10,560 maps, allowing the age of the 

hedge to be broadly categorised as greater than 200 years old, between 100 and 200 

years old, and less than 100 years old. Building up a thorough knowledge of the local 

history of surveyed areas is the best way to date Irish hedges more accurately, but 

unfortunately this would have been prohibitively time-consuming. Some research 

suggests that in areas of England, the number of species in a hedge can allow the 

approximate dating of the hedge (Hooper, 1970). However, this is not a useful 

approach in Ireland. Different hedges have different origins, with some hedges being 

deliberately planted, and others growing up around pre-existing boundaries such as
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old walls. These different origins produce different compositions of hedge species. 
Furthermore, certain species are differentially removed from the hedge or encouraged 
within it. For example, in areas of the south-east of Ireland furze is selected for in 

hedges because of its many uses on the farm (such as its use for feeding cattle). This 
is discussed further in Section 4.2.1.

Soil sampling

Soil samples were taken from each of the surveyed field margins and watercourse 

margins. This was done on all 60 grassland and tillage farms during October and 
November 2000. Separate samples were taken from the 1.5m field/watercourse 

margin band, and from the 1.5m to 3m band. Each sample consisted of 
approximately 15 soil cores, collected by zig-zagging from one end of the quadrat to 
the other. A cylindrical steel soil corer was used, measuring 10cm by 3.6cm. 
Therefore, only the top 10cm of the soil was analysed.

Soil was placed in soil sample boxes or polythene bags, labelled, and set aside until 
they were brought to the laboratory in Teagasc’s Johnstown Castle reseach centre. 
The interval between sample collection and analysis varied from a few days to three 
weeks. During this interval, samples were kept in a cool, dark storage area, and it is 
understood from Teagasc laboratory technicians that the chemical properties of the 
samples would not be affected by this interval. Soil pH, lime, P levels, K levels and 
Mg levels were recorded from the soil analysis. Morgan’s P test was used to 
determine the soil P level. Research suggests that although Morgan’s P correlates 
with the degree of P saturation in the soil, organic matter and therefore soil type also 

affect levels of P sorption and desorption (Daly et a l ,  2001), but this particular issue 
is not considered further here.

Interviews with fanners

A brief semi-structured interview was conducted with each of the farmers. The 
purpose of this questionnaire was principally to ascertain details about management - 
exact age of fences, year of most recent reseeding, when the watercourse was last 
dredged, approximate input levels on the surveyed fields during the last five years. 
However the questionnaire also aimed to ask the farmers’ opinion of the scheme and, 
in the case of REPS farmers, about the changes that the scheme has necessitated on
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their particular farms. This questionnaire survey was carried out at the end of the 

2000 fieldwork season. Questions are listed in Appendix 4.

Examination of the impact of the REPS measures is based on the assumption that 

farmers are complying with the demands of those measures. If this assumption were 

not examined, absence of an effect could be attributable either to inadequacy of the 

measure in question, or non-compliance with that measure. It was not proposed to 

conduct a comprehensive or thorough investigation of this aspect of the scheme; 

rather to discuss with farmers the practical problems and obstacles experienced in 

complying with (or attempting to comply with) the specific measures under 

investigation. In order to assess levels of compliance with the REPS measures being 

investigated in this study, a ‘demonstration farm ’ was included in each group of 

REPS farms. Demonstration farms can be relied upon to be carefully following their 

REPS farm plan. In addition, the semi-structured interviews allowed compliance to 

be assessed through discussion of the problems that certain measures pose, and of the 

specific management details of the surveyed fields.

3.1.8. Data analysis

Most of the data were analysed using ordination techniques. Differences between 

certain sub-sets of data were tested using T-tests, or M ann-W hitney tests where a 

parametric test was not appropriate. The analysis approach is described further in 

Section 4.1. All environmental variables utilised in the analysis, including 

abbreviations, are listed in Appendix 5.

Ordination analysis

Ordination analysis allows patterns in species distribution to be related to 

environmental variables. There are many types of ordination analysis and a range of 

ordination software is available. The results from the beetle and plant sampling, 

along with environmental data, were analysed using the software packages PCOrd 

and CANOCO (Kent and Coker, 1992; Ter Braak and Smilauer, 1998). CANOCO 

(Canonical Community Ordination) is a sophisticated package which allows a wide 

range of analysis options to be carried out. PCOrd performs many of the same 

functions, produces useful graphics and can be described as more user-friendly. 

However, it does not perform certain tests. These packages were selected because
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they are ideal for the type of data collected during this research, and because expertise 

and help was available on these two packages from Dr. Grace O ’Donovan, University 

College Dublin. PCOrd contains the classification and ordination programme 

TW INSPAN, DCA and CCA, and CANOCO contains the ordination programmes 

DCA and CCA.

Two-way indicator species analysis (TWINSPAN) (Hill, 1979) was used to classify 

and ordinate species data from the different surveyed farms. In this polythetic 

divisive technique, indicator species are used to progressively refine a large group of 

samples into a number of smaller sub-groups. The analysis involves the construction 

of ordered two-way tables of species and sites. The data are divided into paired 

groups at a series of levels. The number of levels is determined by the operator, 

according to whether the end-groups make sense in terms of the communities 

observed.

Correspondence Analysis is a class of techniques that simultaneously ordinates 

species and samples in order to relate the species composition of communities to 

characteristics of their environment. Detrended Correspondence Analysis (DCA) is 

an eigenanalysis-based ordination technique which performs detrending to counteract 

the arch effect, a defect of correspondence analysis which is caused by the 

nonlinearity of species response curves. Canonical Correspondence Analysis (CCA) 

is a widely-used method for direct gradient analysis. CCA assumes that species have 

unimodal distributions along environmental gradients. Both CCA and DCA were 

performed on the plant and Carabidae data.

Ordination reveals community gradients that may be interpreted by assessing the 

correspondence of environmental variables with the axes in the ordination. When a 

CCA is performed on the data, the statistical significance of the environmental 

variables’ effects can be tested using Monte Carlo permutation tests, which produce 

P-values for each variable. This procedure was carried out on all data. Rare species 

were downweighted and a number of atypical samples were omitted so as not to 

distort the analysis.

RDA, or redundancy analysis, was not used because it is a linear ordination method. 

Where the species data has a high level of beta diversity (between-site variation), the 

application of a linear method is not appropriate (Ter Braak and Smilauer, 1998).

The ordination analysis was done in three parts:
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1. Species richness was analysed in the first set of ordinations by including only 

presence/absence data. The ordination analysis package PCOrd was used for this, 

because it allows individual species and environmental variables to be singled out 

for individual ordination.

2. All plant percentage cover and beetle abundance data were analysed in the next 

set of ordinations in the ordination package CANOCO which allows statistical 

assessment of the importance of each environmental variable using Monte Carlo 

permutation tests.

3. The third set of ordinations (plant only) focused exclusively on the 1.5m inner 

field margin area to analyse more closely the factors influencing plant diversity in 

this part of the field. This is the area to which several REPS measures apply, and 

it is an important refuge for many grassland species which are no longer found 

further out in the field for a variety of reasons, and for a number of woodland 

species associated with the shelter afforded by the hedgerow.

T-tests

Focusing on certain subsets of the data, T-tests were used to test for differences 

between data collected from REPS and non-REPS farms. Although efforts were 

made to pair REPS and non-REPS farms as closely as possible, paired tests were not 

appropriate because each farm was measured only once. Therefore, two-sample T- 

tests were employed. The random components in site selection ensured that samples 

were as independent as possible, species richness data were approximately normal in 

distribution and variance was approximately homogeneous throughout. Furthermore, 

sample sizes were not restrictively small. Therefore, analysis was not restricted to 

non-parametric tests such as M ann-Whitney tests, which are not as rigorous or as 

powerful as T-tests (Samuels, 1989).

3.2. Devising a long-term monitoring strategy

The second objective of the research is to propose a longer-term methodology for 

assessment and monitoring of the impact of the REPS on biodiversity. This needs to 

consist of:

1. A system for the routine collection of ecological baseline data;

2. A methodology for effective, long-term monitoring of biodiversity;
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3. Recommendations for indicator selection.

A prerequisite to effective monitoring and evaluation is the presence of a basis for 

comparison, a benchmark against which trends can be measured, or an agreed target 

level at which to aim. Without baseline data to provide this basis for comparison, a 

set of monitoring data is merely a list of observations, rather than a tool for policy 

assessment and evaluation.

In order to conduct a comprehensive assessment of the impact of an agri- 

environmental scheme on biodiversity, ongoing monitoring of a range of groups of 

flora and fauna, together with baseline data on these taxa recorded prior to the 

instigation of the scheme, are necessary. In order to provide a reliable basis for 

comparison, these baseline data must be collected according to the same methodology 

used in the monitoring itself.

Ireland does not have as strong a tradition in the study of natural history as many 

other countries. Consequently, protocols for the standardised monitoring of most 

groups have not been established. In the UK, the well-established Butterfly 

M onitoring Scheme and the National Breeding Bird Survey, established in the late 

1950s, have been conducted using consistent methods over long periods of time, 

providing both valuable baselines for evaluating subsequent changes, and ready-made 

frameworks for indicator selection and monitoring. By contrast, the Irish Breeding 

Bird Survey was established many years later, in 1991. In Northern Ireland the 

Centre for Environmental Data and Recording (CEDaR), established by the Ulster 

Museum in 1995, serves as a local records centre and has begun to produce atlases on 

key groups, such as the Carabidae or ground beetles (Anderson et a l ,  2000). CEDaR 

is responsive to the local conditions and needs of the environmental recording 

community, and it is now playing an important role in agri-environmental scheme 

monitoring. The Northern Ireland Environmentally Sensitive Areas (ESA) Scheme 

has been monitored since the early 1990s by systematic flora surveys and the 

collection of ground predators by standardised pitfall trapping in Scheme areas. This 

ongoing monitoring has generated a valuable, detailed database of flora and 

Carabidae fauna distributions and populations around Northern Ireland.

By reviewing monitoring approaches and practices in other countries, and by 

incorporating the experience of having employed certain monitoring tools in the
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course of fieldwork, guidelines for a monitoring protocol were devised for the REPS. 

This is the subject of Chapter 6.
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Chapter 4

Results of the flora surveys

4.1. Introduction

Discussion of the plant results will begin with an overview of the hedge data (Section 

4.2). There is evidence to suggest that hedge species richness is correlated with the 

age of the hedge, and data are analysed to assess whether this correlation applies to 

the 120 hedges surveyed during this study. Furthermore, the possibility that the 

diversity of the field margin is a function of the age and history of the associated 

hedgerow, rather than a function of recent management, is investigated.

Overall, a total of 160 plant species were recorded. A non-REPS grassland farm in 

Laois had the highest recorded number of plant species (50 species), and the most 

species-poor farm was a non-REPS tillage farm in W exford from which 23 plant 

species were recorded. The results of the grassland field margin surveys are 

discussed first in Section 4.3, followed by those of the grassland watercourse margin 

surveys (Section 4.4). In discussing watercourse margins the focus is on grassland 

farms because it is here that the REPS fencing measures apply. There is no 

requirement to fence watercourse margins alongside tillage fields. Finally, the results 

of plant surveys in tillage field margins are discussed in Section 4.5.

The data are examined at two scales: farm level, and regional level. Farm-level 

species richness is the average number of species recorded from each farm. The 

differences between REPS and non-REPS farms are tested using two-sample t-tests. 

In ‘scaling up’ to regional level, the data from a group of farms are pooled to allow 

the analysis of their collective species richness.
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As outlined in Chapter 3, the ordination analysis consists of three parts. Species 

richness was analysed in the first set of ordinations by including only 

presence/absence data. The ordination analysis package PCOrd (Kent and Coker, 

1992) was used which allows individual species and environmental variables to be 

singled out for individual ordination. All percentage cover data were analysed in the 

next set of ordinations in the ordination package CANOCO (Ter Braak and Smilauer, 

1998) which utilises percentage cover data and allows statistical assessment of the 

importance of each environmental variable using Monte Carlo permutation tests. The 

third set of ordinations focuses exclusively on the 1.5m field margin area (the ‘inner’ 

quadrats) to analyse more closely the factors influencing plant diversity in this part of 

the field.

Two-Way Indicator Species Analysis (TWINSPAN) was carried out to look for 

assemblages within the data and to pinpoint indicator species for those groups. 

Classifying each quadrat according to its TW INSPAN end-group, a CCA is carried 

out in PCOrd to relate the groups to environmental and management variables.

4.2. Hedges, and the influence of hedge age and tree species 

richness on field margin flora

Data from the hedge survey were analysed. Hedge age was correlated with hedge 

species richness in order to test the assumption that older hedges are more diverse.

To what extent is the diversity of a field margin a function of the age and history of 

its associated hedge, rather than a function of recent management? To answer this 

question about the association between hedge diversity and field margin diversity, 

regression analysis was used and the correlation between hedge species richness, field 

margin species richness and beetle species richness was assessed statistically.
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4.2.1. Hedge age and hedge species richness

One of the components of the field margin surveys was a record of all woody species 

in the 30m stretch of hedgerow alongside the field margin quadrats. The approximate 

age of each hedge was determined by asking the farmer and by examining 1840s and 

1930s 1:10,560 Ordnance Survey maps, allowing the age of the hedge to be 

categorised broadly as greater than 200 years old, between 100 and 200 years old, and 

less than 100 years old. The majority of hedges appeared to be between 100 and 

200 years old. The positive correlation between hedge age and the number of species 

in the hedge is a relationship that is the basis of ‘Hooper’s Law ’ (Hooper, 1970), and 

which is discussed more fully in Section 2.2.2. Hooper’s Law does not appear to 

apply to many Irish hedges (Doogue, 1994). In order to assess whether this 

relationship applies to the hedges surveyed during this study, hedge species richness 

was regressed against hedge age. R^, the ‘co-efficient of determination’, represents 

the proportion of the variation in hedge species richness that is accounted for by 

linear regression of hedge species richness on hedge age. The very low value of 

(0.0088) shows that, according to the data available on the 120 hedges that were 

surveyed, the approximate age of the hedge does not correlate with the number of 

species in the hedge (Fig. 4.2.1).

Since the data on hedge age were very approximate, allowing division into only three 

age classes with most of the hedges in the middle class, this finding is not entirely 

surprising. It may be that a correlation would have emerged if more exact dating of 

hedges had been possible. It is also possible that a generalised hedge age/hedge 

species richness relationship is not appropriate for these hedges due to the 

idiosyncratic histories of individual hedges, some of which were deliberately planted 

and others which spring up of their own accord along pre-existing boundaries such as 

old walls.

Having established that, at least amongst the hedges surveyed, there is little 

correspondence between hedge age and species richness, it was nevertheless
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considered possible that hedge species richness is a surrogate for historical factors - 

including boundary age and long-term management history -  that may also influence 

the species diversity of the plants and the ground beetles in those boundaries. To 

assess this, 1.5m inner field margin plant species richness was regressed against 

hedge species richness. The data for grassland farms were analysed separately from 

those for tillage farms because the two groups are very different, and to analyse them 

together would inflate the overall variance.

Amongst the grassland data, regression of field margin plant species richness against 

the species richness of associated hedges showed that there is no significant 

relationship between the two. The value is very low (R^ = 0.009), showing that 

hedge species richness explains little of the variation observed in field margin species 

richness (Fig. 4.2.2). It is concluded that there is no significant correlation between 

hedge species diversity and the field margin floral species richness. Nevertheless, the 

possibility remains that the floral community is affected by hedge age and hedge 

species diversity, because in looking at species richness alone, information on actual 

species identity and relative abundance is discarded. This information is retained in 

the ordination analysis.

Regarding the hedges and field margins of the surveyed tillage farms, the R^ values 

are lower still (Fig. 4.2.3), showing that on the surveyed farms, hedge species 

richness explains little of the variation observed in field margin plant species 

diversity.
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Figure 4.2.1: Regression analysis investigating the relationship between hedge age 

and hedge species richness.
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Figure 4.2.2: Regression of field margin species richness against hedge species 

richness on grassland farms (n=60 hedges).
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Figure 4.2.3: Regression of tillage margin species richness against hedge species 

richness on tillage farms (n=60 hedges).
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4.2.2. Hedge diversity on REPS and non-REPS farms

Figure 4.2.4 shows a histogram of the species diversity of all 120 surveyed hedges.

On both grassland and tillage farms, the most species-rich and the most species-poor 

hedges were all on non-REPS farms. On grassland farms REPS hedges contained 

between 4 and 9 species, whereas non-REPS hedges contained between 3 and 13 

species. On tillage farms, REPS hedges contained between 3 and 8 species, whereas 

non-REPS hedges contained between 2 and 10 species. These data suggest that hedge 

species richness is not a function of recent management, but a reflection of historical 

factors independent of the REPS.

This pattern may reflect something important about the nature of hedges on REPS 

and non-REPS farms. REPS hedges have less variation in their diversity. It is 

difficult to explain this pattern, ahhough since the outHers constitute only a handful of 

hedges, it may not be appropriate to attach too much significance to them. It could be 

hypothesised that hedgerows were more likely to have been grubbed up over the 

years by the more progressive farmers in the drive towards rationalisation and field 

enlargement, fanners whose generally progressive approach makes them more likely 

to join the REPS. However, even if this were the case, one would expect the 

remaining hedgerows to be similar to those on non-REPS farms. It is difficult to see 

why particularly species-rich, or particularly species-poor, hedges would have been 

differentially targeted for removal over the years. The explanation is not related to 

the REPS and non-REPS farms being in different geographical areas, since they were 

not clustered together in particular areas but were scattered throughout surveyed 

regions (Figs 3.1 and 3.2).

Figure 4.2.5 illustrates the data on hedge height obtained for grassland farms. Hedge 

height was measured in the field using a clinometer, and was defined as the average 

height of the hedge, excluding mature trees whose presence was recorded separately.
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However, a number of surveyed ‘hedges’ were predominantly composed of mature 

trees, and the recorded average height was taller to reflect this. The effects of recent 

hedge management in standardising hedge height on REPS farms are evident, where a 

large number of hedges were between 2m and 3m in height. No such pattern was 

observed amongst tillage REPS farms.
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Figure 4.2.4: Species diversity of all 120 surveyed hedges on all REPS and non- 

REPS farms, both grassland and tillage.

msmmm

Hedge height class

Figure 4.2.5: Variation in hedge height on 30 surveyed REPS and non-REPS 

grassland farms in Laois and Offaly. Classes range from 0 to 9 metres.
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4.3. The field margin flora of improved grassland in Laois and Offaly

4.3.1. Species richness: farm-level averages

An average number of 12.5±3.3 plant species were recorded in REPS grassland field 

margins in Laois and Offaly, and an average of 14.2±3.5 in non-REPS grassland field 

margins. The latter is significantly higher at the 5% level than the REPS farm 

average (2-sample t-test p=0.018, directional 1-tailed t-test p=0.009). A histogram of 

the data clearly shows that the REPS and non-REPS data form bell curves with 

different distributions (Fig. 4.3.1), the latter positioned amongst higher species 

richness classes. The number of species recorded per quadrat ranged from 2 to 19 in 

REPS field margins and from 4 to 22 in non-REPS field margins quadrats.

110



■ REPS
■ Non-REPS

1 2 3 4 5 6 7 8 9 10 11 12

Species richness class

Figure 4,3.1: Variation in field margin species richness on REPS and non-REPS 

grassland farms (n=120 quadrats). Classes range from zero to 32 species.
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Figure 4.3.2: The collective plant species richness of all grassland REPS and non- 

REPS field margins (n=30 farms).
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4.3.2. Species richness: regional level

Scaling up from farm-level to regional species richness, the plant diversity pattern is 

reversed. When the total number of plant species in all grassland REPS margins was 

compared with that in all non-REPS margins, more plant species were recorded from 

REPS farms (82) than non-REPS farms (78). Sixty-four species were common to 

both REPS and non-REPS margins (Fig. 4.3.2).

The species recorded in the 1.5m area adjacent to the hedgerow (the ‘inside’ quadrats) 

on all REPS and non-REPS grassland farms were compared. Species recorded in the 

1.5m to 3m quadrats (the ‘outside’ quadrats) were excluded in order to look at those 

species restricted to the inner margins only. Thirty-eight such species were recorded 

in REPS margins and 31 in non-REPS margins. Thirteen of these ‘restricted’ species 

were common to both sets of farms, including Galium verum, Leontodon hispidus, 

Viola odorata. Primula vulgaris, Arum maculatum  and Stellaria graminea.
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Table 4.3.1; Species unique to REPS and non-REPS inner margins.

Unique to REPS inner margins

Achillea millefolium 

Aegopodium podagraria 

Alliaria petiolata 

Anagallis arvensis 

Anthriscus sylvestris 

Cantaurea nigra 

Hypericum letrapterum 

Lathyrus pratensis 

Medicago lupulina 

Origanum vulgare 

Pteridium aquilinum 

Solanum dulcamara 

Stachys sylvatica

Unique to non-REPS inner margins

Arrhenatherum elatius 

Bromus hordeaceus 

Convolvulus arvensis 

Equisetum arvense 

Galium odoratum 

Geranium robertianum 

Hypochaeris radicata 

Potentilla erecta 

Sonchus asper
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4.3.3. Ordinations

Ordination analysis to relate the environm ental and m anagem ent variables to the 

species data was carried out in three stages. First, to identify general patterns, a CCA 

was done o f all presence/absence data for both the inner (1.5m  m argin) and outer 

(1.5m  to 3m ) quadrats. This was done in the package PCOrd. In the second stage of 

ordination analysis, the percentage cover data for the small quadrats were used. 

Thirdly the inner quadrats were focused upon, because this is the area to which REPS 

field m argin m easures relate. The package CA N O CO , which handles percentage 

cover data, was used for the second and third parts o f the ordination analysis.

All grassland presence/absence data (PCOrd)

Figure 4.3.3 contains a biplot (CCA) of all grassland quadrats (4 per hedge), with 

REPS and non-REPS quadrats in green and black respectively. All quantitative 

environm ental and m anagem ent variables were included in the ordination. 

Environm ental variables (and their abbreviations) are listed in A ppendix 5. V ariables 

with an (correlation) value of 0.05 are included in the diagram . These eight 

variables are, in decreasing order o f gradient length (i.e. pow er in explaining variation 

in the data): distance from  the hedge (i.e. w hether an ‘inner’ or an ‘ou ter’ quadrat), 

vegetation height, level o f slurry application, num ber o f cuts of silage taken from  the 

field, gappiness o f the hedge, K level. M g level and num ber of w oody species in the 

hedge. The m anagem ent intensity o f each site is conveyed by several variables 

including slurry application, num ber o f cuts o f silage and ‘stock type’ (in increasing 

order o f intensity, cattle only, dairy cow s and silage). Stocking density is not 

included because it varied very little betw een surveyed farm s due to the w idespread 

uptake o f the extensification prem ium . Surveyed grazed and silage fields are 

depicted in Plates 1 and 2.
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The diagram  shows a clear separation o f the inner and outer quadrats. 

C orrespondingly, distance from  the hedge is the m ost im portant variable in the 

ordination. N ot surprisingly num ber o f silage cuts, slurry application and vegetation 

height correlate with one another. Potassium  and m agnesium  levels are higher in the 

field m argins than further out in the field, which is a very unexpected pattern. This 

m ay be due to the fact that the field m argins are not cropped for silage even though 

slurry is often applied to them , a point which is discussed in m ore detail later.

A plot of the distribution o f species (Fig. 4.3.4) shows that there was a concentration 

o f species in the field m argin, and that few species occurred at high levels o f silage 

cutting and slurry application. The concentration of species in the inner field m argin 

is evident in the low er left quadrant o f the diagram.
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Figure 4.3.3: A scatterplot of a CCA of all grassland margins presence/absence data. 

REPS quadrats are marked in green, non-REPS in black. The eight most important 

environmental and management variables are included on the plot (R^ value 0.06).

All environmental variables are listed in Appendix 5.
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Figure 4.3.4: A scatterplot of grassland species (R value=0.1), showing their 

distribution in relation to the three most influential environmental variables (listed in 

Appendix 5).

117



A number of individual environmental and management variables are also singled 

out. Fence distance does not emerge as an influential variable, but when plotted (Fig. 

4.3.5) the REPS dominance is clear. Many more REPS farmers than non-REPS 

farmers have fenced off hedges and field margins, primarily to ensure effective 

stockproofing but also to allow hedges to thicken up and to protect newly-planted 

quicks. The variable ‘stock type’, which approximately quantifies the intensity of 

management, is also plotted (Fig. 4.3.6). A gradient of intensity from bottom right to 

top left is clear. There is a slightly higher representation of non-REPS samples at 

higher levels of intensity.

The distribution of individual species was examined. Cynosurus cristatus is a grass 

that is characteristic of lower nutrient grassland, and it can be a useful indicator of 

less intensively-managed areas (Millsopp et al., 1997). It was recorded 14 times, and 

the majority (8 out of 14) of those instances were on REPS farms (Fig. 4.3.7). The 

distribution of the species is lowest in the area of the diagram where slurry 

application and silage production peak (cf. fig. 4.3.3). Arum maculatum  is a species 

that occurs in well-sheltered locations. It was only recorded under the hedge. 

Correspondingly its distribution (Fig. 4.3.8) is localised to the hedge understorey.
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Figure 4.3.5: Scatterplot o f distance of fences from the hedge. Where no fence is 

present, this value is zero. REPS sites are in green, non-REPS in black. REPS points 

tend to be larger, showing that REPS fences tend to be further out from the hedge.

•  Axis 1

Figure 4.3.6: Scatterplot o f grassland quadrats showing management intensity, 

ranging from lower input cattle-grazed fields to heavily fertilised fields which 

produce at least two cuts of silage per year. The plot shows a clear gradient of 

intensity.
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Figure 4.3.7: The distribution of Cynosurus cristatus, a grass reflecting lower 

nutrient status (c.f. Figure 4.3.6).

Figure 4.3.8: The distribution of Arum maculatum, a typical hedge understorey 

species.
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Analysis of all grassland species cover abundance data ('CANOCO)

The abundance data alone were subjected to a DCA first, and the eigenvalues 

obtained are displayed in Table 4.3.2. The eigenvalues for both the first and second 

axes indicated that there was a sufficient spread of the data along the first two axes 

for a CCA to be appropriate. Environmental variables were included and a CCA was 

conducted. A full list of environmental variables, and abbreviations used in the 

analysis, is provided in Appendix 5.

Table 4.3.3 displays the results summary of the ordination, including the Forward 

Selection summary. Monte Carlo permutation tests assess the significance of the 

effect of the environmental variables. Each permutation test is based on 199 random 

permutations. The Forward Selection summary includes ‘marginal effects’ and 

‘conditional effects’. In the ‘marginal effects’, the explanatory variables are analysed 

separately without regard to each other. They are simply ordered from the variable 

with the highest explanatory power down to the variable with the least ability to 

explain patterns in the species data. In the ‘conditional effects’, the sequence is 

determmed according to the ability of each variable to explain variation in addition to 

that explained by the preceding variables. The Monte Carlo permutation test is used 

to assess the significance of each variable before it is added. A variable that is 

closely correlated with another variable will appear earlier in the ‘marginal effects’ 

sequence, because it is being assessed independently of its co-correlated sister 

variable (ter Braak and Smilauer, 1998).

The CCA of the species abundance samples shows that distance from the hedge is by 

far the most influential variable. The F-ratio of the variable Hedge Distance is nearly 

four times that of the next most important variables (number of cuts of silage and soil 

pH). Therefore, in order to analyse more closely the other environmental and 

management variables, 1.5m to 3m outer quadrats were dropped, leaving only the 

1.5m inner quadrats.
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Eigenvalues are a measure of the importance of each ordination axis. They are 

equivalent to the maximised dispersion of the species scores on the ordination axes. 

Here, the eigenvalues are relatively low. The first axis has an eigenvalue of 0.181. 

Other axes have much lower values than this and so are not considered.
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Table 4.3.2: Results summary of a DCA of all grassland quantitative plant data, both 

inner (1.5m) and outer (1.5m to 3m) data.

Axes 1 2 3 4 Total inertia

E igenvalues : .393 .251 .187 .150 2.957
L engths o f  grad ien t : 2.417 3.166 2.120 2.487
C um ulative  percentage variance 

o f  species data  : 13.3 21,8 28.1 33.2

Table 4.3.3: Monte Carlo permutation test results summary. The significance of 

each environmental variable is assessed. (Variables and abbreviations used are listed 

in Appendix 5.)

Marginal Effects Conditional Effects
Variable Var.N Lambdal Variable Var.N LambdaA P F

Hedge di 1 0.14 Hedge di 1 0.14 0,005 11,43
Mg 26 0.05 Cuts sil 19 0.03 0.005 2,92
Cuts sil 19 0.03 Soil pH 23 0.03 0,005 3,01
Hdge hgh 7 0.03 Hdge hgh 7 0.04 0,005 2,79
Soil pH 23 0.03 Marg inp 13 0.03 0,005 2,60
Fence di 9 0.03 Fence di 9 0.02 0,005 2,40
Last cut 11 0.03 Mg 26 0.03 0,015 2,05
Slurry 21 0.03 P 24 0.02 0,010 2,25
Marg inp 13 0.02 Cuts hay 20 0.03 0.040 1,98
Gappines 8 0.02 Herb hgh 17 0.02 0,055 1,82
Freq cut 12 0.02 Gappines 8 0.01 0,065 1,57
Cuts hay 20 0.02 Freq cut 12 0.02 0,065 1,62
K 25 0.02 Other si 3 0.02 0,070 1,45
% bare 16 0.02 % bare 16 0.01 0,155 1.38
Inpts re 14 0.02 Slurry 21 0.02 0,125 1,36
Herb hgh 17 0.02 Stock ty 2 0.01 0,180 1,27
Ploughin 18 0.02 Ploughin 18 0.02 0,130 1,31
Other si 3 0.02 Inpts re 14 0.01 0,115 1,44
P 24 0.02 Asp Cos 4 0.02 0,080 1,40
Stock ty 2 0.01 K 25 0.02 0,035 1.66
Hdge age 6 0.01 FYM 22 0.01 0,165 1,29
Asp Cos 4 0.01 Hdge sp 10 0.01 0,165 1,30
Asp Sin 5 0.01 Asp Sin 5 0.02 0,205 1,25
Hdge sp 10 0.01 Last cut 11 0.01 0,230 1,17
FYM 22 0.01 Hdge age 6 0.01 0,400 1,06

Table 4.3.4: Eigenvalues from a CCA of all grassland quantitative plant data.

Axes 1 2 3 4 Total inertia

E igenvalues
S pecies-environm ent correlations : 
C um ulative  percentage variance 

o f  species data : 
o f  species-env ironm ent relation:

.181
.699

6.1
29.5

.096

.618

9.4
45.1

.059

.602

11.3
54.7

.049

.533

13.0
62.7

2.957
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Figure 4.3.9: A biplot of a CCA of grassland field margin cover abundance quadrats, 

including both inner and outer quadrats. REPS plots are in green, non-REPS in black.
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Grassland percentage cover data: 1.5m margin only

A DCA of the inner quadrat abundance data showed that eigenvalues (Table 4.3.5) 

were high enough to proceed with a CCA.

The CCA of the 1.5m margin quadrats shows that soil pH, number of cuts of silage 

and the presence of a fence to protect the hedge and field margin, are the variables 

most influential to plant species distribution. Ten variables are significant at the 5% 

level, all of which are included on the ordination diagram (Fig. 4.3.10). Eigenvalues 

are relatively low, with Axis 1 having an eigenvalue of 0.176. The diagram shows 

that the number of cuts of silage in one direction, correlating with soil pH, are the 

variables which most closely explain Axis 1. The variables which most closely 

explain Axis 2 are the number of cuts of hay and the height of the hedge. As 

expected, the height of the vegetation in the margin correlates with the distance of the 

fence (which is zero where there is no fence present). It appears from Figure 4.3.11 

that species richness is lower where fences are present and where one or more cuts of 

silage are taken from the field. Species richness appears to be higher where hay 

cutting is practised.
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Table 4.3.5: DCA results summary of grassland abundance cover data, inside

quadrats only.

Axes 1 2 3 4 Total inertia

Eigenvalues .362 .263 .183 .138 3.563
Lengths of gradient : 2.796 2.692 2.272 2.207
Cum ulative percentage variance

o f species data : 10.1 17.5 22.7 26.5

Table 4.3.6: Monte Carlo test results summary.

Marginal Effects Conditional Effects
Variable Var.N Lambdal Variable Var.N LambdaA P F

Soil pH 22 0.10 Soil pH 22 0.10 0,005 3,26
Cuts sil 18 0.09 Cuts sil 18 0,08 0,010 2,81
Cuts hay 19 0.07 Cuts hay 19 0.06 0.025 2.36
Fence di 8 0,05 Fence di 8 0.07 0.010 2.17
Hdge hgh 6 0.05 Marg inp 12 0.05 0.005 2.06
Herb hgh 16 0.05 Hdge hgh 6 0.05 0.035 1.59
Hdge age 5 0.05 Mg 25 0.04 0.030 1.53
Freq cut 11 0.05 Herb hgh 16 0.05 0.020 1.78
Other si 2 0.04 K 24 0.05 0.030 1.66
Marg inp 12 0.04 P 23 0.04 0,035 1,64
Gappines 7 0.04 Other si 2 0.04 0.070 1,46
Slurry 20 0.04 Asp Sin 4 0.04 0.065 1.42
Mg 25 0.04 % bare 15 0.04 0.115 1.41
Stock ty 1 0.04 Ploughin 17 0.03 0.170 1.25
% bare 15 0.04 Freq cut 11 0.03 0.105 1.22
K 24 0.04 Stock ty 1 0.03 0,320 1.11
Ploughin 17 0.03 Hdge age 5 0,03 0,270 1,16
P 23 0.03 Gappines 7 0.03 0.220 1.12
Asp Sin 4 0.03 FYM 21 0.02 0.805 0.77
FYM 21 0.03 Asp Cos 3 0.02 0,835 0,74
Last cut 10 0.03 Slurry 20 0,03 0,630 0,88
Hdge sp 9 0.03 Hdge sp 9 0,02 0,845 0,69
Asp Cos 3 0.02 Last cut 10 0.01 0,840 0,71

Table 4.3.7: Eigenvalues obtained in a CCA of grassland abundance cover data.

inside quadrats only.

Axes 1 2 3 4 Total inertia

Eigenvalues : .176 .119 .101 .087 3.563
Species-environment correlations : 
Cum ulative percentage variance

.781 .675 .743 .603

of species data : 4.9 8.3 11.1 13.6
of species-environment relation: 18.3 30.6 41.0 50.1
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Figure 4.3.10: CCA biplot of 1.5m inner margin quadrats, including environmental 

and management variables that are significant at the 5% level. REPS plots are in 

green, non-REPS in black.
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Figure 4.3.11: CANOCO biplot displaying species and environmental variables 

significant at the 5% level.
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4.3.4. Two-Way Indicator Species Analysis; TWINSPAN

Surveyed farms differed little in terms of their habitat properties, and management 

was similar throughout. Therefore, TW INSPAN was used to group together sites and 

species with broad similarities, and not to pick out specialised assemblages. All 

presence/absence species data, from both the 1.5m margin and 1.5m to 3m band 

quadrats, were included in the analysis.

The TW INSPAN ordination of the grassland field margin data (Fig. 4.3.12) appears 

to first separate those quadrats nearer the hedge from those further out from the 

hedge, and then to aggregate loosely similar quadrats, many of which are from the 

same or nearby farms. The loose nature of these groupings is shown by the fact that 

all indicator species were commonly encountered species.

At the first division, quadrats are separated according to distance from the hedge.

The 104 of the 121 quadrats in the negative grouping are from the outer quadrats, 

whereas 108 of the 119 quadrats in the positive branch are from the inner quadrats. 

Indicator species are consistent with this: Trifolium repens is characteristic of 

grassland, whereas Galium aparine and Veronica chamaedrys are more characteristic 

of the hedge itself or the area immediately around it.

Group 1 contains a majority (7 out of 10) of the outer quadrats. Four are REPS 

samples. Indicator species are Stellaria media, Cerastium arvense, Polygonum  

aviculare, Plantago major and Agrostis tenuis. These species are characteristic of a 

high level of disturbance and bare ground.

Group 2 contains the remainder of the field samples: only 10 out of 111 are samples 

from the 1.5m margin. Fifty-five are REPS samples. Group 3 contains most of the 

inner quadrat samples (108 out of 119). Sixty-one are REPS samples.
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A DCA of the data overlaid by the TWINSPAN groupings is plotted in Figure 4.3.13, 

together with the 5 most influential environmental variables.
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Figure 4.3.12: TWINSPAN ordination diagram for all sites.
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Figure 4.3.13: TWINSPAN groupings overlaid on a CCA of the data, including

environmental variables at an R cutoff value o f 0.06.
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4.3.5. Analysing the contrast between the 1.5m margin flora and that 

further out in the field: REPS vs. Non-REPS

In tlie REPS, farmers are asked to cease applying inputs to the 1.5m field margin area. 

It is assumed that this measure has caused REPS farmers to reduce inputs in the field 

margins to some extent. It is also assumed, on the basis of past research, that four to 

five years would be a sufficient length of time for the resulting effects on the field 

margin flora to be measurable. Assuming further that the remainder of the field 

receives more or less the same input load to a similar non-REPS farm, one would 

expect the field margin flora to differ more from the rest of the field on a REPS farm, 

than on a non-REPS farm.

This was tested using the data on plant species richness in the 1.5m field margin area 

and in the 1.5m to 3m band further away from the hedge. Field margins are more 

species-rich than the rest of the field. For each field margin, the number of species in 

each outer quadrat was subtracted from the number of species in the corresponding 

1.5m inner quadrat, producing a list of REPS differences and a list of non-REPS 

differences. The null hypothesis was that the two sets of differences would be 

similar. The alternative hypothesis was that one set of differences would be larger, 

denoting a more marked distinction between the floral species richness in the margin 

and that further out in the field. A further directional alternative hypothesis was 

proposed, that the sum of the REPS differences would be greater than the sum of the 

non-REPS differences, since there is expected to be a greater distinction between 

field margin management and management of the rest of the field on REPS farms.

The null hypothesis was tested using a 2-sample 2-tailed t-test. The directional 

hypothesis was tested using a 2-sample 1-tailed t-test, and by summing the 

differences for each REPS/non-REPS group in order to assess directionality. The 

results of the tests are displayed in Tables 4.3.8 and 4.3.9.
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Table 4.3.8: Analysis of the relative differences between REPS and non-REPS 

grassland field margins in terms of plant species richness in the 1.5m margin area and 

the 1.5m to 3m area (n=60 margins).

Sum o f differences 2-tailed T-test 1-tailed T-test (directional)

REPS 299 P = 0.0390 P = 0.0195

Non-REPS 387

Table 4.3.9: Analysis of the relative differences between REPS and non-REPS 

grassland watercourse margins in terms of plant species richness in the 1.5m margin 

area and the 1.4m to 3m area (n=30 margins).

Sum o f differences 2-tailed T-test 1-tailed T-test (directional)

REPS 175 P = 0.1159 P = 0.05796

Non-REPS 234
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It is interesting to note that the sum of the differences is greater on the non-REPS 

margins rather than on the REPS margins as expected. In the tests of the grassland 

field margin species richness data, both the 2-tailed and the directional T-tests yield 

P-values that are significant at the 5 % level. The null hypothesis of no difference is 

rejected, and the sums of the differences show that there is a significantly greater 

difference between the ‘inside’ and the ‘outside’ plant species richness on non-REPS 

farms. On the grassland watercourse margins, neither test is significant at the 5 % 

level and so the null hypothesis of no difference is accepted.

These results are exactly the opposite of what had been expected. On grassland field 

margins, it can be said with some confidence that there was a bigger contrast between 

‘inside’ and ‘outside’ field margins on the non-REPS than on the REPS farms. On 

watercourse margins the same pattern was observed, although it was not significant.

A number of reasons can be put forward by way of explanation for this pattern. The 

first possible reason is that the differences are not due to a reduction in margin inputs, 

but rather to an increase in inputs on the rest of the field. Both REPS and non-REPS 

field margins may have been receiving a similar (low) input load, with the input load 

increasing to a greater extent on the non-REPS farms in the absence of the nutrient 

management restrictions that accompany the REPS. A second possibility is that the 

differences between these sets of quadrats at different distances from the hedge or 

watercourse actually belie a greater overall species richness on REPS farms. 

However, this possibility is discounted elsewhere in the analysis. In fact, it is 

demonstrated that grassland REPS field margins have a significantly lower plant 

species richness than non-REPS field margins (Refer to Section 4.3.1).
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Plate 1:

A surveyed cattle-grazed field in County Offaly.

Plate 2:

A REPS field in County Offaly. The silage has recently been cut, but the vegetation 

in an area of the margin remains uncut.



Plate 3:

One of the gappier hedges to be surveyed during the research.



4.4. The flora of watercourse margins in improved grassland

4.4.1. Species richness: farm-level averages

A histogram o f the grassland watercourse margin data (Fig. 4.4.1) shows that 

although the REPS and non-REPS distributions are similar, one o f the non-REPS 

quadrats had the highest species count. Thirty species were recorded from this site, 

followed by two REPS sites containing 22 species. The number o f species recorded 

per quadrat ranged from 7 to 22 in REPS fie ld margins and from 8 to 30 in non-REPS 

fie ld margins quadrats.

O f the drains, rivers and ponds that were surveyed, 14 out o f 15 on REPS farms were 

fenced and 7 out o f 15 on non-REPS farms were fenced. Three REPS fences and 3 

non-REPS fences were less than one metre from the water’ s edge, or were fenced in 

an ineffective way such that stock could get through to graze and trample the 

vegetation behind the fence. These margins were categorised as unfenced. Thus 

totals o f 4 REPS and 11 non-REPS watercourses were regarded as unfenced (Plate 4).

Most o f the unfenced non-REPS watercourses were streams, ponds or rivers which 

would have been fenced in REPS at a distance o f ‘ 1.5m from the top o f the bank’ in 

order to avoid ‘nutrient enrichment o f waterbodies from agriculture’ and to ‘allow 

natural streamside vegetation to develop’ (Department o f Agriculture, Food and Rural 

Development, 2000). The unfenced REPS watercourse was in fact on a 

demonstration farm where the farmer and the planner had decided that it was not 

necessary to permanently fence one side o f the watercourse that was surveyed.

Plant species richness on the 1.5m area alongside the water was examined. The mean 

species richness o f the 11 fenced REPS watercourse margins was 14.7, and that o f the 

11 unfenced (or with fence less than 50cm from water) non-REPS watercourse 

margins was 16.1 (Fig 4.4.2). A 2-sample t-test concluded that there was no 

significant difference between the two groups (p=0.21 ).
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Figure 4.4.1: Variation in species richness of sampled watercourse margins (1 ,5m 

margins only).

REPS fenced Non-REPS unfenced

Figure 4.4.2: The average number o f plant species per farm in 11 fenced REPS 

watercourse margins and 11 unfenced non-REPS watercourse margins.
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4.4.2. Species richness; regional

When the total numbers of species recorded on all 11 REPS fenced and 11 non-REPS 

unfenced watercourse margins are compared, a similar pattern emerges. Seventy-two 

species were recorded on the REPS fenced margins, and 75 on the non-REPS 

unfenced margins, with 46 species being common to both groups (Fig. 4.4.3).

REPS
(72 species)

Non-REPS 
(75 species)

Figure 4.4.3: A Venn diagram displaying the total plant species complement of 11

REPS fenced watercourse margins and 11 non-REPS unfenced watercourse margins.
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4.4.3. The effect of fencing on watercourse margin plant diversity

In order to examine the effect of fencing per se on watercourse margin flora, a 

carefully paired cross-wise comparison of fenced and unfenced REPS and non-REPS 

farms was done. This allowed the effect of fencing to be separated from that of input 

reduction or other differences associated with REPS membership. The plant species 

richness in four fenced and four unfenced REPS farms is shown in Figure 4.4.4 A, 

and that of four fenced and four unfenced non-REPS farms in Figure 4.4.4 B.

Species lists for the following categories were compared:

• REPS fenced and REPS unfenced

• REPS unfenced and Non-REPS unfenced

• Non-REPS fenced and Non-REPS unfenced

• REPS fenced and Non-REPS fenced.

For these comparisons, farms were paired as closely as possible according to location, 

tloristic similarity, and presence of a fence close to the water. For example, in the 

REPS unfenced and non-REPS unfenced comparison, two of the farms selected are 

located in the foothills of the Slieve Bloom mountains and are edaphically similar. 

Although small numbers of farms are used for these crosswise comparisons, these are 

carefully selected and paired farms, making the comparison useful despite the small 

numbers involved.

REPS: fenced and unfenced (4 farms each'):

The objective of comparing these watercourses was to investigate the effect of 

fencing while controlling for the effects of REPS membership.

140



Fifty species were recorded within the quadrats 1.5m from the w ater’s edge on the 

fenced farms. On the unfenced farms, 52 species were recorded in the same area. 

Twenty-eight species were common to both sets of farms (Fig. 4.4.4a).

REPS unfenced and non-REPS unfenced (4 farms each):

The objective of comparing these watercourses was to examine the effect of the 

REPS input-reduction measures on watercourse flora, while controlling for effect of 

fencing.

Fifty-two species were recorded from the REPS watercourse margins, and 51 species 

were recorded from the non-REPS margins. Thirty species were common to both sets 

of farms.

Non-REPS: fenced and unfenced (4 farms each):

Here, the effect of fencing on the flora of entirely non-REPS watercourses was 

investigated.

Forty-eight species were recorded from the fenced watercourse margins, while 56 

species were recorded from the margins of the unfenced watercourses. Twenty-nine 

species were common to both sets of farms (Fig. 4.4.4b). There is a substantial 

difference between the two groups, with the unfenced margins having a higher plant 

diversity than the fenced margins. Plants unique to the unfenced margins included:

Briza media 

Chamomilla suaveolens 

Polygonum aviculare 

Juncus squarrosus 

Juncus bufonius
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Triglochin palustris 

Potamogeton natans 

Alisma plantago-aquatica

The presence of Briza media indicates low levels of nutrient enrichment. The Juncus 

species and Triglochin reflect two factors: firstly, a low level of nutrient enrichment 

of the water itself, and secondly the fact that the drain from which they were recorded 

was not fenced. Cattle had access to this drain and could graze the more vigorous 

vegetation growing there. Had it been fenced, the reduction of grazing pressure 

would probably have resulted in the disappearance of some of these species due to 

overshading and outcompetition by more vigorous, fast-growing species which 

previously had been kept in check by grazing. A diverse grazed watercourse margin 

sward is depicted in Plate 5 (pl64).

REPS fenced and non-REPS fenced (4 farms each):

Here, the effects of the input-reduction measures on watercourse margins were 

investigated by controlling for the effect of fencing alone.

Fifty species were recorded from the 1.5m quadrats alongside the REPS fenced 

margins. Forty-eight species were recorded in the same area of the non-REPS fenced 

margins. Thirty-one species were common to both groups.

These comparisons allow the effects of fencing to be teased out from the impact of 

input reduction or other factors that accompany REPS membership. The category of 

sites that is of greatest floral interest is the unfenced non-REPS margins. This is 

because a number of the non-REPS farms surveyed had undergone less intensification 

than the other farms surveyed, and as a result they can support plants which have 

dwindled or disappeared from more intensive areas on nearby farms. The
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combination of little or no application of herbicides, low levels of fertiliser 

application and the leaving unfenced of smaller watercourses and drains on the farm, 

make for a diverse riparian flora. This combination of conditions was encountered 

only occasionally on non-REPS farms.

Both fenced and unfenced margins have a substantial number of species that were 

recorded in one but not the other. It therefore seems that universal fencing would 

incur the loss of some of those shade-intolerant species whose persistence in the 

community depends on the continuation of grazing (Feehan et ah, in press).

Although the non-REPS farms surveyed during this study included those which were 

farmed in an intensive manner that is incom.patible with the low-input objectives of 

the Scheme, they also included the other extreme; farmers who are not concerned 

with getting the maximum productivity out of their land and who tend not to pursue 

schemes and programmes available to them, including the REPS. Some of these low- 

input non-REPS farms are of particularly high nature value. One of the implications 

of this is that larger variation is observed amongst non-REPS than amongst REPS 

farms, and this larger variation makes it even more difficult to detect differences 

between the two groups of farms. This is discussed in more detail in Section 7.1.6.
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A : FLORA OF FENCED AND UNFENCED MARGINS:
REPS FARMS

FENCED UNFENCED
(50 species) (52 species)

22 ( 2 8  J 24 )

B : FLORA OF FENCED AND UNFENCED MARGINS: 
Non-REPS FARMS

FENCED UNFENCED
(48 species) _^ ----------(56 species)

19/  2^  27 \

Figure 4.4.4: The total plant species richness of four fenced and four unfenced REPS 

watercourse margins (A), and four fenced and unfenced non-REPS watercourse 

margins (B). Sites paired according to factors such as location, watercourse size and 

disturbance level.
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4.4 .4 . Ordinations

All presence/absence data (PCOrd)

A CCA was done of all presence/absence data for both 1.5m margin and 1.5m to 3m 

band quadrats, together with all environmental and management variables. One non- 

REPS watercourse was omitted from the analysis because a quantity of sand and 

gravel had been deposited there some years ago, making it unrepresentative. 

Therefore, 29 watercourses were included in the analysis (15 REPS, 14 non-REPS). 

Figure 4.4.5 shows the ordination of sites with those seven environmental and 

management variables that are significant at an R^ correlation level of 0.13. REPS 

margins are shown in green, non-REPS in black. The REPS sites are observed to 

have a different distribution to the more restricted non-REPS sites due to the greater 

incidence of watercourse fencing on these farms. At higher levels of fence age and 

fence distance, most of the sites are from REPS farms. The separation of 1.5m inner 

margin quadrats and 1.5m to 3m outer quadrats is clear on the diagram; waterside 

plots are in the lower left area, with plots further out being in the upper right region, 

indicated by ‘water distance’. Figure 4.4.6 is a scatterplot of the species, showing 

that higher numbers of species are located in the inner quadrats alongside the water, 

rather than in the outer quadrats.
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Figure 4.4.5: CCA scatterplot displaying all watercourse margin sites (REPS in 

green, non-REPS in black) together with those environmental variables significant at 

an R  ̂cutoff value of 0.15,

146



+

+

+

+
+

+  + +

+ +

■+ hence age>
. F e n ^  distaM^ 

+  +  +  + +  +

+
+

+
+

+ +
+  ' +

++ ++ 
- h .  ^

+
+

A x is  1

Figure 4.4.6: Scatterplot o f a CCA displaying plant species in grassland watercourse 

margins. (R^ cutoff value 0.27.)
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A number of environmental and management variables were plotted individually. 

Surveyed watercourses ranged from small drains to large rivers, and watercourse size 

is plotted in Figure 4.4.7. Most of the larger watercourses happen to be on non-REPS 

farms, and this therefore constitutes a potentially confounding variable. The 

percentage cover of bare ground was included as an environmental variable, and its 

distribution shows that most of the higher values are from non-REPS watercourse 

margins (Fig. 4.4.8). Most of the fences are on REPS farms (Fig. 4.4.9).

A number of species were also individually plotted. Plantago major, a low-growing 

species characteristic of grazed and often disturbed locations, was recorded almost 

exclusively on non-REPS watercourse margins (Fig. 4.4.10). This is due to the 

higher level of grazing and trampling which is possible on these margins in the 

absence of a fence. Stellaria media, a common nitrogen-loving ruderal species, was 

also much commoner on non-REPS margins (Fig. 4.4.11). Both of these species are 

low-growing species which would be shaded out by the increased vegetation growth 

behind a fence. Conversely, Filipendula ulmaria is a tall plant which appears to 

benefit from the protection of a fence. It tends to grow in damp ground and it was 

typically recorded in fenced margins where vegetation had been allowed to develop in 

the absence of grazing. Most recorded occurrances were on REPS farms (Fig.

4.4.12). The distribution of Jimcus ejfusus, a species highly indicative of 

waterlogging, is shown in Figure 4.4.13.
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Figure 4.4.7; Scatterplot of watercourse size on REPS (green) and non-REPS (black) 

sites. The graphs quantify the gradients along each of the two axes. Units on these 

graphs are categories of watercourse size. More of the larger watercourses are in 

non-REPS farms.
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Figure 4.4.8: Scatterplot of the amount of bare ground. There is a marked gradient 

of increasing percentage cover of bare ground along Axis 1.
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Figure 4.4.9: Scatterplot of the presence/absence and distance from the water of 

fences. There is a marked gradient o f decreasing fence distance along Axis 1, as 

shown by the lower graph.
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Axis 1

Figure 4.4.10: Scatteq3lot of Plantago major in grassland watercourse margins. 

REPS occurrences are in green, non-REPS in black. (C f Figs. 4.4.7-4.4.9, 

scatterplots of environmental variables.)

Axis 1

Figure 4.4.11: Scatterplot of the common nitrogen-loving ruderal Stellaria media in 

grassland watercourse margins.
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Axis 1

Figure 4.4.12: Scatterplot of Filipendula ulmana presence.

Axis 1

Figure 4.4.13: Scatterplot o f Juncus effusus presence.
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CCA of all percentage cover data (CANOCO)

The results summary of a DC A of all percentage cover data (Table 4.4.1) shows 

eigenvalues of 0.393 and 0.189 respectively for the first two axes. Environmental 

variables were then included and a CCA was carried out.

The CCA of all percentage cover data shows that distance from the water (i.e. 

whether an inner or an outer quadrat) is the most significant variable in explaining 

variation in the species data (Fig. 4.4.14). Fence distance is also highly significant. 

The ‘conditional effects’ in the forward selection summary (Table 4.4.2) list the 

variables in order of importance according to the variation explained by each in 

addition to that explained by preceding variables. Monte Carlo permutation tests 

assess the statistical significance of each variable, showing that 14 variables are 

significant at the 5% level. The eigenvalues of both the first and second axes are 

relatively high, at 0.393 and 0.189 respectively.
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Table 4.4.1: DCA results summary of all grassland watercourse margin percentage 

cover data.

Axes
inertia

1 2 3 4 Total

Eigenvalues : .586 .275 .195 .156 4.158
Lengths of gradient : 3.441 3.237 2.337 2.030
Cum ulative percentage variance 

of species data : 14.1 20.7 25.4 29.2

Table 4.4.2: Monte Carlo test results summary of a CCA of all grassland margin 

percentage cover data. Monte Carlo permutation tests are used to assess the 

significance of each environmental variable.

Marginal Effects  Conditional Effects
Variable Var.N Lambdal Variable Var.N LambdaA P F

Watr di 1 0.21 Watr di 1 0.21 0.005 6.30
Fence di 7 0.21 Fence di 7 0.21 0.005 6.56
Fence ag 8 0.11 Fence ag 8 0.10 0.005 2.97
Mg 19 0.09 WC size 6 0.07 0.005 2.39
Dredging 9 0.07 Mg 19 0.07 0.005 2.26
FYM 15 0.07 K 18 0.09 0.005 2.78
WC size 6 0.07 Dredging 9 0.06 0.005 2.07
Slurry 14 0.06 Slurry 14 0.05 0.010 1.73
Cuts sil 13 0.06 Ploughin 12 0.05 0.025 1.62
Stock ty 2 0.05 Asp Cos 4 0.05 0.005 1.75
.\sp Cos 4 0.05 Other si 3 0.05 0.020 1.65
Soil pH 16 0.05 Stock ty 2 0.04 0.050 1.52
P 17 0.05 FYM 15 0.06 0.010 1.82
K 18 0.05 Cuts sil 13 0.04 0.035 1.56
Ploughin 12 0.05 Soil pH 16 0.04 0.090 1.44
Other si 3 0.04 Asp Sin 5 0.03 0.460 1.00
% bare 11 0.04 % bare 11 0.03 0.770 0.77
Asp Sin 5 0.03 P 17 0.01 0.900 0.62

Table 4.4.3: Eigenvalues obtained in a CCA of the same dataset.

Axes 1 2 3 4 Total inertia

Eigenvalues : .393 .189 .122 .118 4.158
Species-environment correlations : .832 .754 .765 .780
Cum ulative percentage variance

of species data : 9.4 14.0 16.9 19.8
of species-environment relation: 31.1 46.0 55.7 65.0
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Figure 4.4.14: CCA triplot displaying species (green) and sites. Fenced (dark grey) 

and unfenced sites (light grey) are marked. Environmental variables significant at the 

5% level are included on the ordination. Bare ground is not significant at this level 

but is included for reference.
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Percentage cover: 1.5m margin only (CANOCO)

A DC A revealed eigenvalues of 0.529 and 0.397 for the first two axes (Table 4.4.4).

A CCA ordination of all percentage cover data showed that distance from the water is 

the most significant factor in explaining species variation. Having established this, 

the 1.5m margin data were analysed alone to look more closely at influential factors 

in this area. Table 4.4.6 shows the results summary of a CCA of the 1.5m margin 

percentage cover data. The eigenvalues are high, with all 4 axes exceeding 0.2. Ten 

explanatory variables are significant at the 5% level, and the gradients of these 

variables are plotted with the site data in Figure 4.4.15. Fence distance, fence age and 

P are the most important variables in explaining variation in plant species 

distribution, although these variables do not correspond clearly with Axes 1 or 2.

Axis 1 appears to correspond with number of cuts of silage and magnesium levels, 

Axis 2 with watercourse size and the time that has elapsed since the most recent 

dredging of the watercourse. The vegetation alongside recently dredged drains or 

rivers would have had less time to recover from the disturbance, retaining 

characteristics of a highly-disturbed, early successional community.

The distribution of plant species along each of the most significant environmental 

gradients is displayed in Figure 4.4.16. It is important to note that plant species 

richness does not increase with increasing fence distance or fence age. These factors 

certainly affect the floral composition, but they do not enhance botanical diversity.
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Table 4.4.4: DC A results summary of watercourse margin quantitative data, inside

(1.5m) quadrats only.

Axes
inertia

1 2 3 4 Total

Eigenvalues : .529 .397 .232 .180 4.838
Lengths of gradient : 3.496 3.340 2.575 2.266
Cum ulative percentage variance 

of species data ; 10.9 19.1 23.9 27.7

Table 4.4.5: Monte Carlo permutation test results summary.

Marginal Effects______________   Conditional Effects
Variable Var.N Lambdal Variable Var.N LambdaA P F

Fence di 6 0.32 Fence di 6 0.32 0.005 3.64
P 16 0.26 P 16 0.26 0.005 3.12
Fence ag 7 0.23 Fence ag 7 0.15 0.005 1.88
K 17 0.19 Soil pH 15 0.16 0.005 1.92
Mg 18 0.16 K 17 0.15 0.005 1.93
Soil pH 15 0.16 Mg 18 0.13 0.010 1.68
W.c size 5 0.14 W .c size 5 0.12 0.055 1.54
Dredging 8 0.14 FYM  14 0.12 0.015 1.66
Asp Cos 3 0.14 Dredging 8 0.13 0.025 1.68
Slurry 13 0.14 Cuts si) 12 0,12 0.035 1.59
Cuts sil 12 0.12 Other si 2 0.10 0.100 1.36
Stock ty 1 0.12 Asp Cos 3 0.10 0.070 1.41
FYM 14 0.11 Ploughin 11 0.14 0.005 1.90
Ploughin 11 0.10 Slurry 13 0.09 0.110 1.34
Other si 2 0.10 Asp Sin 4 0.08 0.345 1.13
Asp Sin 4 0.09 Stock ty 1 0.07 0.505 0.99
% bare 10 0.08 % bare 10 0.06 0.610 0.89

Table 4.4.6: Eigenvalues obtained from a CCA of watercourse margin data.

Axes 1 2 3 4 Total inertia

Eigenvalues : .390 .383 .234 .207 4.838
Species-environment correlations : 
Cum ulative percentage variance

.895 .931 .919 .868

of species data : 8.1 16.0 20.8 25.1
of species-environment relation: 17.0 33.6 43.7 52.7

157



Fence distance

Watercourse size ence age

Soil

FYI MgCuts of silagi

Last dredging 
% ♦

- 1

Figure 4.4.15: CCA biplot of the 1.5m inner quadrat percentage cover data. REPS sites 

are shovm in green, non-REPS in black. Variables significant at the 5% level, plus 

watercourse size (alpha = 5.5%) are displayed.
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Figure 4.4.16: CCA biplot of the distribution o f plant species in watercourse margins, 

with the most significant environmental gradients.

159



4.4.5. Two-Way Indicator Species Analysis: TWINSPAN ordination

In the TW INSPAN ordination of the grassland watercourse margin data (Fig. 4.4.17), the 

first division appears to be on the basis of distance of quadrats from the water (Fig. 

4.4.18). This aggregates most of the quadrats from the 1.5m margin area. The negative 

grouping comprises mostly non-REPS samples, the positive group REPS samples. 

REPS/nonREPS differences emerge due to the increased incidence of fences alongside 

REPS watercourses, and the wider area that tends to be fenced off on REPS margins 

(usually a minimum of 1.5m). The negative end of the ordination contains 89 quadrats, 

54 from the field-side (1.5m to 3m) area and 54 from non-REPS farms. The group is 

indicated by Trifolium repens. The positive end of the ordination contains most of the 

inner (1.5m margin) quadrat samples (25 out of 31), with a majority of REPS samples (25 

out of 31) and indicated by a typical wet-ground species, Filipendula ulmaria.

Group 1 appears to contain the typical moderately high-nutrient grassland quadrats. 

Forty-seven out of 67 quadrats in the group are from the field-side quadrats. The group is 

located towards the left of the scatterplot (Fig. 4.4.18) at higher distances from the water.

Group 2 contains the more marginal and lower-nutrient component of the negative end of 

the ordination. Fifteen out of the 22 quadrats are from the 1.5m margin area, and the end- 

group is characterised by Holcus lanatus, Festuca rubra, Cynosurus cristatus, Flantago 

lanceolata and Dactylis glomerata. Cynosurus cristatus in particular is a species which 

tends to be found in lower nutrient grassland habitats. The scatterplot (Fig. 4.4.18) 

indicates that Group 2 sites tend to be lower in P than Groups 1 and 4.

Group 3 is indicated by Festuca rubra. Sixteen out of 31 quadrats are from the 1.5m 

margin area, and 17 are non-REPS samples. The scatterplot shows that these sites tend to 

be lower in P.
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Group 4 is a high-nutrient 1.5m margin grouping that is characterised by Urtica dioica. 

It is notable that most of the quadrats in this group are from REPS farms (11 out of 13), 

showing that fencing off a drain margin can simply allow nettles to flourish behind the 

fence where the soil is high in nutrients.
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Figure 4.4.17: TWINSPAN ordination of the watercourse margin plant data.
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Figure 4.4.18: TWINSPAN groupings superimposed on a DCA of the watercourse 

margin data. Environmental variables at an cutoff value o f 0.1 are included on the 

scatterplot. (Axes 1 and 2 are displayed.)
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Plate 4:

An unfenced stream margin on a surveyed non-REPS farm in County Laois.

Plate 5:

Grazed vegetation alongside the margin of an unfenced stream.



Plate 6:

An instance of extreme bad practice on an unsurveyed farm in the Midlands. The 

feeding ring has been sited on the bank of the river, and the ground has become badly 

poached. Dung and urine are being allowed to pass directly into the river.



4.5. The flora of tillage field margins in Wexford

Data for 28 farms are included in the analysis of the flora of tillage field margins in 

Wexford, although 30 farms were surveyed. After surveying had begun it was 

discovered that one ‘non-REPS’ farm was in REPS with a private planner. One of the 

REPS farms was then also dropped from the analysis so that the numbers of REPS and 

non-REPS farms remained equal. One of the non-REPS hedges was dominated by 

Rhododendron ponticum, and this hedge was also removed from the analysis because of 

the poisoning effect that rhododendron has on the soil, making the hedge 

unrepresentative. A REPS hedge from the same locality was removed from the analysis 

in order to balance this omission.

One of the species recorded is a grass that is rarely encountered in Ireland. Phalaris 

minor was recorded on a non-REPS farm in the Enniscorthy area, growing amongst the 

barley near the field margin. It is an introduced species that tends to accidentally enter 

the country in imported wool or occasionally amongst imported seed (Ryves et a i ,  1996). 

In this instance it appears that it may have been introduced with the barley seed.

The widths of uncultivated field margins on REPS and non-REPS farms in W exford were 

measured, and it was found that REPS fields (average 181cm) had significantly wider 

margins than non-REPS fields (average 145cm) (p < 0.001).

4.5.1. Species richness: farm-level averages

The farm-level average plant species richness in the 1.5m margin area was compared 

between REPS and non-REPS farms. Despite the fact that there was a significantly wider 

uncultivated margin area on farms in the scheme, plant species richness did not 

significantly differ between REPS (11.1±3) and non-REPS (10.8±3.8) farms (2-sample t- 

test p=0.66). The number of species recorded per quadrat ranged from 4 to 21 on REPS
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sites and and from 3 to 24 on non-REPS sites. Outliers at both ends of the spectrum are 

therefore non-REPS farms (although in the histogram, Figure 4.5.1, species richness class 

2 contains the total of quadrats from which 3 to 4 species were recorded).

4.5.2. Species richness: regional

Scaling up from farm level to regional level, the total number of plant species in REPS 

margins was compared with the total recorded in non-REPS margins. A total of 81 

species were recorded in surveyed REPS tillage field margins and 72 on non-REPS 

margins. Fifty-six species were common to both groups (Fig. 4.5.2).

The species recorded in the 1.5m area alongside the hedgerow on all REPS and non- 

REPS tillage margins were compared. Excluding those species occurring further out in 

the field, 35 species were recorded from the REPS margins and 26 from the non-REPS 

margins. A sample of the less common and widespread of these species are listed in 

Table 4.5.1. Sixteen species were common to both sets of farms, including Lathyrus 

montanus, Teucrium scorodotiia, Centaurea nigra, Viola odorata, Anthriscus sylvestris. 

Arum macidatum, Geranium robertianum  and Epilobium angustifolium.

Ranunculus repens is a common species which is widely distributed. It was recorded at 

varying distances from the hedge on REPS farms, both in the ‘inside’ quadrats 1.5m from 

the hedge and also the quadrats further out (and thus is excluded from the REPS list in 

Table 4.5.1). Amongst the plants recorded on non-REPS tillage margins it is restricted to 

the immediate hedge margin, because the field margins are narrower.
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■  REPS
■  Non-REPS

Figure 4.5.1: Variation in tillage field margin species richness. Species richness classes 

range from 0 to 30 species.

REPS 
(81 species)

Non-REPS
(72 species)

Figure 4.3.2: The collective plant species richness of 28 tillage REPS and non-REPS 

field margins. All presence/absence data for botli inner (1 ,5m strip beside hedge) and 

outer (between 1,5m and 3m from hedge) quadrats are included.
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Table 4.5.1: Species unique to REPS and non-REPS inner margins.

Unique to REPS inner margins Unique to non-REPS inner margins

Lonicera periclymenum Bromus hordeaceus

Lamium purpurea Hypochaeris radicata

Matricaria persicae Ranunculus repens

Phyllitis scolopendrium Oenanthe crocata

Hydrocotyle vulgaris Geranium molle

Endymion non-scriptus

Daucus carota

Glechoma hederacea

Galeopsis tetrahit

4.5.3. Ordinations

All presence/absence data (PCOrd)

In ordination analysis it is not necessary for the dataset to be orthogonal, so in dropping 

one of the non-REPS farms and one non-REPS rhododendron hedge (as explained in the 

introduction to Section 4.5), REPS hedges were not dropped to balance this.

A CCA was done in PCOrd of all presence/absence tillage field margin data, including 

both the 1.5m margin (inside quadrats) and the 1.5m to 3m band (outside) quadrats. 

Figure 4.5.3 shows the resulting ordination of sites with those environmental variables 

with an R“ level of correlation of 0.06. A clear separation of inside and outside quadrats 

is evident in the spread of sites, with the former on the left of the plot and the latter on the 

right. The variable ‘hedge distance’, i.e. whether the q(uadrat is alongside the hedge or 

further out in the field, is the most important variable, as indicated by the length of its 

gradient line. Hedge distance appears to correspond to  Axis 1. The variable margin
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width is inversely proportional to hedge distance, which appears in the diagram to mean 

that the wider the margin, the nearer the quadrat to the hedge. The reason for this is that 

when the margin is wider, the outside quadrats retain characteristics of the 1.5m margin 

area. They are not literally nearer to the hedge, but they appear to be so from their 

vegetation characteristics. The non-REPS plots appear to be shifted more to the right, 

indicating that their vegetation is more characteristic of that further out in the field, i.e. 

the quadrats more often include the actual crop. This is expected from the fact that 

surveyed REPS farms had wider margins than non-REPS margins (p<0.001). The 

variable ‘crop type’ lies alongside Axis 2. Crop type ranks the crop according to 

increasing intensity, ranging from linseed to input-dependent sugar beet. A number of 

surveyed fields are depicted in Plates 7, 8 and 9.

A plot of the species is shown in Figure 4.5.4. The sites are tightly clustered in terms of 

their environmental characteristics, but the species achieve a good spread across the plot. 

It is notable that the inside quadrats (the left-hand side of the plot) do not appear to 

contain a much greater plant species richness: there are nearly as many plant species 

towards the edge of the crop itself, as there are in the unploughed margin.
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Figure 4.5.3: Biplot of all tillage field margin plant presence/absence data. 

Environmental and management variables are included (R^ = 0.07). REPS sites are in 

green, non-REPS in black.
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Figure 4.5.4: Biplot of species presence in all tillage field margins with the three most 

influential environmental variables.
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A num ber of environmental variables (listed fully in Appendix 5) are selected for 

discussion. Distance of the quadrat from the hedge appears to explain Axis 1, and Axis 2 

appears to correspond to the intensity of the crop, plotted in Figure 4.5.5. Higher levels 

of intensity, corresponding to wheat and sugar beet fields, are located towards the lower 

end of the ordination. Crop intensity is closely (inversely) correlated with Axis 2, as 

indicated by the ‘r ’ correlation value of -0 .7 . REPS and non-REPS sites were plotted 

separately and this pattern was confirmed for both groups. Levels of phosphorus on both 

groups together are shown in Figure 4.5.6, on REPS farms in Figure 4.5.7 and on non- 

REPS farms in Figure 4.5.8. Tests showed that the surveyed REPS field margins were 

significantly lower in P (5.94 ± 3,98) than those of the non-REPS farms surveyed (9.19 ± 

6.53) (2-sample t-test, p=0.025, directional 1-tailed t-test, p=0.013), whereas P-levels in 

the outer 1.5m to 3m area did not differ significantly (p=0.25).

On the plot of P in REPS sites, the ‘r ’ value for Axis 2 indicates a positive gradient of P 

level along Axis 2. This is interesting because it shows that P levels are inversely 

proportional to crop intensity. Higher P values were recorded from the lower-intensity 

sites, rather than from the higher-intensity sites as expected. Most of the REPS higher- 

intensity fields are sugar beet fields, and the pattern observed here may be reflecting the 

careful nutrient targeting that is done on sugar beet. Fertilisers are custom-calibrated for 

fields according to the results of soil tests. Such calibration is not done on grain crops, 

where the fertiliser levels are set in a more approximate manner. In the plot of P in non- 

REPS sites, the ‘r ’ value for Axis 2 indicates a negative trend. Therefore, the higher 

intensity fields have higher levels of P. Most of the higher intensity fields on non-REPS 

farms are winter wheat fields for which fertiliser is not calibrated in as finely-tuned a 

manner as on beet fields.
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Figure 4.5.5: Scatterplot o f crop intensity level. REPS plots are in green, non-REPS in 

black. The graphs quantify the gradient along each axis. There is a clear gradient of 

increasing crop intensity along Axis 2.
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Figure 4.5.6: Scatterplot of P levels in surveyed field margins. (REPS in green, non- 

REPS in black).
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Figure 4.5,8: Scatterplot of P levels on non-REPS sites. The graph of Axis 2 shows a 

vertical increase in P (c f Fig. 4.5.7.).
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A number of species were plotted individually. Galium aparine, Agropyron repens and 

Cirsium arvense were very common and widespread across most sites. Ranunculus 

repens is a widespread species characteristic of vegetation in the unploughed, undisturbed 

tillage field margins. The ordination plot of its distribution (Fig. 4.5.9) shows that it has a 

wider range on REPS plots. It is more restricted in its non-REPS distribution due to the 

narrower margins in these fields. Nettles {Urtica dioica), on the other hand, were also 

restricted to the margins but were recorded just as, if not more, frequently on non-REPS 

farms (Fig. 4.5.10). Urtica dioica is a nitrogen-loving species which reliably indicates 

high nutrient levels. It is of some concern that nettles seem to be just as common on 

REPS farms as on non-REPS farms despite five years of input restrictions, and it is 

thought that this may be a reflection of the fact that at least some fertiliser is still being 

applied to margins on REPS farms.

The distribution of the weedy species Chenopodium album  partly co-incides with the 

distribution of sugar beet (towards the lower right of the plot, c.f. Figure 4.5.3), amongst 

which it was recorded frequently. There were more sugar beet fields amongst the REPS 

farms than amongst the surveyed non-REPS farms, and the dominance of C. album  REPS 

plots in the distribution probably reflects this. The distribution of the shade-loving hedge 

species Teucrium scorodonia is shown in Figure 4.5.12. The species is an indicator of 

low-lime soils.
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A-xiS 1

Figure 4.5.9: Scatterplot o f the widespread species Ranunculus repens in tillage field 

margins.

T i l l a g e  f ield m a r g i n s

Figure 4.5.10: Scatterplot of the nitrogen-loving species Urtica dioica in tillage field 

margins.
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Figure 4.5.11: Scatterplot of the ruderal Chenopodium album in tillage field margins.
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Figure 4.5.12: Scatterplot of the shade-loving species Teucrium scorodonia in tillage 

field margins.
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Ordination of all tillage field margin percentage cover data (CANOCO')

Presence/absence data allow analysis of general patterns in the distribution of plant 

species. Percentage cover data incorporate abundance data into the analysis, providing a 

more detailed picture of the community. First, a DCA and then a CCA were done of all 

percentage cover data, both from the inside and outside quadrats together. The results are 

summarised in Tables 4.5.2, 4.5.3 and 4.5.4. The eigenvalues from the DCA were high, 

as expected from the fact that two different communities are being included in the 

analysis, one of which is essentially a monoculture. Incorporating environmental values 

in the CCA, it is seen that hedge distance and crop type are by far the most important 

variables in explaining the variation observed in the species data. The F-ratios (19.36 and 

15.39 respectively) of these variables are more than double that of the next most 

important variable (percentage cover bare ground, F-ratio 7.04). The eigenvalues are 

high: Axis 1 has an extremely high value of 0.56, and Axes 2 and 3 are also well in 

excess of 0.2, showing that there is a considerable spread of data along both of these axes 

as well as along Axis 1 (Table 4.5.4). Axis 1 correlates with distance from the hedge. 

Axis 2 with crop type and Axis 3 with percentage cover of bare ground and the frequency 

of hedge cutting (Figure 4.5.13).

The plot of the ordination of sites with environmental variables (Figure 4.5.13) shows 

that there is higher variation amongst the non-REPS sites than amongst the REPS sites.

In particular, there is more variation in the direction of higher intensity. Eleven variables 

are included on the plot at a significance level of 5%. Quadrats from the inner 1.5m 

margin (clustered towards the right) are clearly distinguished from the 1.5m to 3m band 

quadrats (clustered towards the left). A number of non-REPS quadrats are separated 

from the rest towards the top of the scatter. These are all winter wheat fields, and since 

growth regulators were banned within the REPS during the time of the survey, these were 

(with one exception) in non-REPS farms. Wheat requires higher input levels than barley.

Distance from the hedge appears to be correlated with soil pH. This does not appear to 

be due to increasing fertiliser levels away from the hedge, because K levels are inversely
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proportional. Hedge age appears to be correlated with margin width, and indeed there is 

a positive relationship between these two variables although it is not a significant one (r‘ 

correlation co-efficient value 0 .082).
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Table 4.5.2: DCA results summary of all tillage field margin plant abundance data.

Axes 1 2 3 4 Total inertia

Eigenvalues : .700 .549 .270 .228 6.066
Lengths of gradient : 3.822 4.211 3.058 2.952
Cum ulative percentage variance 

of species data_________ _̂________ 11.5 20.6 25.0 28.8_____________

Table 4.5.3: Monte Carlo test results summary of a CCA in CANOCO of all tillage field 

margin percentage cover data.

Marginal Effects Conditional Effects
Variable Var.N Lambdal Variable Var.N LambdaA P F

Hdge di 1 0.48 Hdge di 1 0.48 0.005 19.38
Crop typ 2 0.36 Crop typ 2 0.36 0.005 15.39
Soil pH 18 0.27 % bare 16 0.16 0.005 7.04
K 20 0.19 Soil pH 18 0.10 0.005 4.84
% bare 16 0.17 Hge age 6 0.09 0.005 4.09
Hge age 6 0.11 Marg wdt 14 0.07 0.005 2.96
Marg wdt 14 0.09 Hge hght 7 0.07 0.005 3.10
Freq cut 11 0.07 Freq cut 11 0.06 0.005 2.95
Marg inp 12 0.06 Other si 3 0.05 0.005 2.28
P 19 0.06 K 20 0.04 0.005 2.17
Asp Cos 4 0.06 P 19 0.05 0.005 2.33
Hge hght 7 0.05 Asp Cos 4 0.05 0.005 2.26
Last cut 10 0.05 Marg inp 12 0.04 0.040 1.81
Other si 3 0.05 Gappines 8 0.03 0.030 1.58
Asp Sin 5 0.05 Curr man 17 0.03 0.040 1.67
Mg 21 0.05 Hge sp r 9 0.04 0.005 1.66
Hge sp r 9 0.04 Mg 21 0.03 0.065 1.45
Gappines 8 0.04 Asp Sin 5 0.02 0.100 1.33
Curr man 17 0.03 Last cut 10 0.03 0.180 1.27

Table 4.5.4: Eigenvalues of a CCA of the data.

Axes 1 2 3 4 Total inertia

Eigenvalues ; .559 .404 .234 .144 6.066
Species-environment correlations : 
Cumulative percentage variance

.929 .784 .651 .662

of species data : 9.2 15.9 19.7 22.1
of species-environment relation: 31.0 53.5 66.4 74.4
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Figure 4.5.13: CCA biplot to display REPS (green) and non-REPS (black) quadrats, 

together with the most significant environmental variables (p<0.05).

181



Percentage cover data: 1.5m field margin data only ('CANOCO')

Having established the importance of distance from the hedge, the outer 1.5m to 3m band 

quadrats were dropped from the analysis, and the 1.5m margin data were analysed alone. 

A DCA showed that eigenvalues of all four axes were over 0.2. Incorporating 

environmental variables, a CCA was carried out. Each variable was tested for 

significance using Monte Carlo permutation tests in the ‘conditional effects’ section of 

the results summary (Table 4.5.6), and it was found that 13 variables are significant at the 

5 % level. These variables are plotted with the sites in Figure 4.5.14 and with species 

distributions in Figure 4.5.15. The age of the hedge, the crop intensity level, the P level 

and the width of the margin respectively, were the four most important variables in 

explaining the variation observed in the flora.

Membership of the scheme was included in this analysis, and it emerged lower in the 

conditional effects table than in the marginal effects table. This means that other 

variables already account for some of the variation explained by REPS membership.

This is as expected, because variables such as P level and margin width should be directly 

affected by whether the farm is in the scheme or not.

The ordination diagrams show that Axis 1 correponds to the type of the crop in the field, 

and also to the type of crop on the other side of the hedge. There appears to be a trend 

along Axis 2 from older, less intensively managed hedges and field margins towards 

higher intensity crops and higher P levels. Older hedges seem to be associated with 

wider margins, and P levels are inversely proportional to the width of the uncultivated 

field margins. This appears to reflect the fact that there is less P in the wider uncultivated 

margins. It is interesting to note that hedge height appears closely correlated to 

northings. This is due to the fact that the importance of aspect is modulated by the height 

and density of the hedge. A gappy, low hedge provides less shelter and shade, whereas a 

tall, dense hedge has a distinctly different microclimate on either side, lending 

importance to the variable of aspect.
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Higher P and higher intensity crops are not closely correlated but they appear in the same 

quadrant of the diagram, showing that there is a degree of correlation between them. 

Earlier in Figures 4.5.5-8 it was observed that in the 3m-wide margin area as a whole, 

there is an inversely proportional relationship between crop type intensity and P level, 

and better nutrient targeting on (high input) root crops such as sugar beet was put forward 

as the explanation for this. Here, in the inner 1.5m margin area only, the opposite 

appears to be the case. The explanation for this may be that although the higher levels of 

fertiliser in the cultivated area are taken up by the crop, fertiliser which makes its way 

into the margins simply leads to a buildup of P there.

The distribution of species (Fig. 4.5.15) shows that species richness does not increase 

with margin width.
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Table 4.5.5: Eigenvalues obtained from a DCA of inner tillage field margin quantitative

plant data.

Axes 1 2 3 4 Total inertia

Eigenvalues .411 .318 .273 .225 4.910
Lengths of gradient : 3,033 3.203 3.199 3.024
Cum ulative percentage variance

o f species data : 8.4 14.8 20.4 25.0

Table 4.5.6: Monte Carlo test results summary.

Marginal Effects Conditional Effects
Variable Var.N Lambdal Variable Var.N LambdaA P F

Hge age 6 0.14 Hge age 6 0.14 0.005 3.30
Crop typ 2 0.14 Crop typ 2 0.15 0.005 3.60
Marg wdt 14 0.13 P 19 0.11 0.005 2.62
P 19 0.12 Marg wdt 14 0.10 0.005 2.61
Soil pH 18 0.10 Hge hght7 0.10 0.005 2,55
Hge hght 7 0.09 Freq cut 11 0.09 0.005 2,17
Last cut 10 0.08 Soil pH 18 0.08 0.005 2,09
Freq cut 11 0.08 Mg 21 0.08 0.005 2,06
R.nR 1 0.07 Last cut 10 0.07 0.005 1,79
Asp Cos 4 0.08 Asp Sin 5 0.07 0.015 1,72
Other si 3 0.07 % bare 16 0.06 0.050 1,75
% bare 16 0.07 Asp Cos 4 0.07 0.010 1,71
Mg 21 0.07 Other si 3 0.06 0.025 1.63
Marg inp 12 0.07 Curr man 17 0.04 0.125 1.28
K 20 0.07 R.nR 1 0.05 0.170 1.18
Asp Sin 5 0.07 GappinesS 0.05 0.110 1.31
Curr man 17 0.06 K 20 0.04 0.200 1,24
Hge sp r 9 0.05 Hge sp r 9 0.04 0.440 1,05
Gappines 8 0.04 Marg inp 12 0.04 0.420 1,05

Table 4.5.7: CCA results summary.

Axes 1 2 3 4 Total inertia

Eigenvalues : .253 .210 ,168 .132 4.910
Species-environment correlations : .809 .810 ,775 .796
Cum ulative percentage variance

of species data : 5.2 9.4 12.8 15.5
of species-environment relation: 17.6 32.2 43.8 53.0
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Figure 4.5.14: CCA biplot of sites and environmental variables (p<0.05) of tillage field 

margin percentage cover data, inner 1,5m margin only. REPS sites are in green, non- 

REPS in black.
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Figure 4.5.15: CCA biplot of percentage cover species data and environmental variables 

in the inner tillage field margins.
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4.5.4. TWINSPAN ordination of tillage field margin plant data

The TW INSPAN ordination (Fig. 4.5.16 and Fig. 4.5.17) of all tillage field margin plant 

data appears to separate sites first on the basis of distance to the hedge -  either within the 

1.5m inner field margin, or the crop quadrats further out from the hedge -  and then on the 

basis of crop type. REPS/non-REPS differences emerge in the ordination due to the 

wider margins on REPS farms, which result in increased incidence of field margin 

vegetation in the 1.5m to 3m band.

At the first division, the quadrats are separated broadly according to distance from the 

hedge. In the negative group, 115 of the 152 quadrats are from the inner margin, whereas 

most (77) of the 80 in the second grouping are quadrats further from the hedge. Since 

field margins are wider in REPS farms and therefore uncultivated field margin vegetation 

is more prevalent in REPS field margins, the negative group contains more REPS 

quadrats (85 out of 152)

At the second division, the first (upper negative) grouping of 61 quadrats is dominated by 

quadrats that were almost entirely within the barley crop. Thirty-seven of the 61 quadrats 

are from the crop side, and the indicator species are barley and Poa annua, which was 

recorded almost universally from the barley understorey. Most of the samples are from 

non-REPS fields (34 non-REPS, 27 REPS), as would be expected because uncultivated 

field margins were significantly wider on surveyed REPS fields.

The majority of the samples in Group 2 (87 out of 91) are from the inside margin area. 

They also contain a majority (57 out of 91) of REPS quadrats. Indicators for Group 2 are 

Lapsana communis and Pteridium aquilinum, both of which are tall plants that are found 

in field margins near hedges.
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Group 3 is similar to Group 1, having the same indicator species of barley and Poa 

annua. Subsequent divisions of this group (which are not displayed) assign indicator 

species including Galium aparine, Rubus fruticosus and Polygonum aviculare. It is 

concluded that this group contains a disturbed, high-nutrient component.

Group 4 contains the quadrats which were located within the sugar beet crop, together 

with a number of wheat sites. Sixteen of the 19 quadrats were crop quadrats from the 

1.5m to 3m area, and the indicator species are sugar beet, Lapsana communis and 

Chenopodium album, which was commonly found amongst sugar beet. Fifteen out of the 

19 quadrats are REPS sites. The scatterplot (Fig. 4.5.17) shows that Group 4 plots are 

located at the highest level of crop intensity (along Axis 2).
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Figure 4,5.16: TW INSPAN ordination of tillage field margin plant data.
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Figure 4.5.17: TWINSPAN groupings overlaid on a DCA of all tillage presence/absence 

data. The most influential environmental variables are superimposed on the plot.
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4.6. Flora Results: Conclusions

The botanical data allowed a useful comparison to be made between participant and non

participant farms. Species that emerged as being useful during the course of this 

comparison included for example Ranunculus repens, Plantago major and Stellaria 

graminae. These are common, widespread species that are of little botanical interest.

During the research a total of 160 plant species were recorded. A non-REPS grassland 

farm in Laois had the highest recorded number of plant species (50 species), and the most 

species-poor farm was a non-REPS tillage farm in W exford from which 23 plant species 

were recorded.

Non-REPS grassland field margins were, on average, more species rich than REPS 

grassland margins (2-sample t-test p=0.018, alpha=5%). An average number of 12.5±3.3 

plant species were recorded in REPS grassland field margins, and an average of 14.2±3.5 

in non-REPS grassland field margins. Scaling up from farm-level to regional species 

richness, the plant diversity pattern is reversed. When the total number of plant species 

in all grassland REPS margins was compared with that in all non-REPS margins, more 

plant species were recorded from REPS farms (82) than from non-REPS farms (78).

The field margin input restrictions in REPS would be thought to result in a bigger 

contrast between the field margin flora and the flora further out from the hedge, as 

compared to non-REPS fields where the two areas are more homogeneous in terms of 

inputs. In order to examine this, the ‘difference between the differences’ was tested on 

REPS and non-REPS farms. Species richness only was examined. If, as expected, there 

was a greater distinction between field margin management and management of the rest 

of the field on REPS farms, the sum of the REPS differences would be greater than the 

sum of the non-REPS differences. The result of the test was exactly the opposite of what 

had been expected. On grassland field margins, it can be said with some confidence that 

there was a bigger contrast between inner and outer field margin quadrats on the non-
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REPS than on the REPS farms (p=0.02). On watercourse margins the same pattern was 

observed, although it was not significant at the 5% level (p=0.06). It is difficult to find a 

satisfactory explanation for this pattern, but in combination with the finding that non- 

REPS margins are significantly more species-rich than REPS margins, it is concluded 

that the REPS is not benefiting field margin flora on surveyed farms, and in fact may be 

having a negative impact on field margin flora. Unnecessary fencing of field margins on 

REPS farms may be one reason for this. However, longer-term monitoring, rather than a 

survey of the kind reported here, would be necessary to be more certain as to whether this 

is the case.

Many more REPS grassland farmers have fenced off hedges and field margins than non- 

REPS farmers, primarily to ensure effective stockproofing but also to allow hedges to 

thicken up and to protect newly-planted quicks. Fencing correlated with lower plant 

species richness in the margin, as did silage cutting. Species richness appeared to be 

higher where hay cutting is practised.

The mean species richness of 11 fenced REPS watercourse margins was 14.7 and that of 

the 11 unfenced (or with fence less than 50cm from water) non-REPS watercourse 

margins was 16.1, a difference which is not significant. Looking at the total number of 

species recorded in the groups, 72 species were recorded on the REPS fenced margins, 

and 75 on the non-REPS unfenced margins.

A series of crosswise comparisons allowed the effects of fencing to be teased out from 

the impact of input reduction or other factors that accompany REPS membership. It was 

concluded that, although fencing reduces the proportion of bare ground and almost 

certainly reduces water pollution, it does not benefit plant diversity. Certain species such 

as Filipendula ulmaria do appear to favour the fenced margins where they are protected 

from grazing, but many low-growing, shade-intolerant species depend on grazing 

pressure to persist in the community (such as Plantago major, which was almost 

exclusively recorded on non-REPS unfenced watercourse margins). The combination of 

little or no application of herbicides, low levels of fertiliser application and the leaving
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unfenced of smaller watercourses and drains on the farm, make for a diverse riparian 

flora. This combination of conditions was encountered only on a small number of non- 

REPS farms, because almost all the REPS watercourses are fenced.

The widths of uncultivated field margins on REPS and non-REPS farms in W exford were 

measured, and it was found that REPS fields (average 181cm) had significantly wider 

margins than non-REPS fields (average 145cm) (p < 0.001).

The surveyed REPS inner field margins were also significantly lower in P (5.94 ± 3.98) 

than those of the non-REPS farms surveyed (9.19 ± 6.53) (2-sample t-test, p=0.025), 

whereas P-levels in the outer quadrat area did not differ significantly (p=0.25). The 

ordination of the outer three metres as a whole showed that P levels (M organ’s P) on 

REPS sites were inversely proportional to the intensity of the crop. This is explained by 

the fact that on higher-input root crops such as sugar beet, the fertiliser levels are 

carefully calibrated according to soil tests from each field. The plot also showed that in 

several cases where P levels were high further out from the hedge they were also high 

closer to the hedge, in the field margin. It is concluded from these observations that in 

practice fertilisers are being applied in the field margins on some REPS farms despite 

REPS measures.

Despite the wider margins, plant species richness did not significantly differ between 

REPS (11.1±3) and non-REPS (10.8±3.8) farms (2-sample t-test p=0.66). Scaling up, a 

total of 81 species were recorded in surveyed REPS tillage field margins, 72 on non- 

REPS margins.

Overall a very standardised assemblage of plant species was encountered in tillage field 

margins. The factors explaining most observed variation in the species richness data 

were the age and height of the hedge, the type of crop (i.e. intensity and input level), P 

level and the width of the margin. It is important to note that factors independent of 

recent management, namely the age and to some extent the height of the hedge, are 

amongst the most important variables in determining the nature of the field margin
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community. Galium aparine, Agropyron repens and Cirsium arvense were very common 

and widespread across most sites. The fact that nutrient-loving plants such as nettles 

{Urtica dioica) appear to be just as common in REPS as in non-REPS grassland and 

tillage field margins raises further questions about the nutrients, particularly slurry, being 

applied in field margins. Much slurry-spreading is done by contractors and not by the 

farmers themselves, and it appears that spreading practices do not alter with REPS 

membership.
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Plate 7:

A surveyed non-REPS barley field in County Wexford.



Plate 8:

A surveyed non-REPS wheat field.



Plate 9:

A surveyed REPS sugar beet field in County Wexford.



Chapter 5

Carabidae Results

5. 1. Introduction

Chapter 5 begins with a discussion of the relationship between Carabidae diversity and 

the botanical diversity of the hedge and field margin area (Section 5.2). Species 

accumulation curves were constructed in order to demonstrate the adequate intensity of 

sampling. Grassland pitfall trapping results are enumerated first in Section 5.3, followed 

by results from tillage farmland in Section 5.4.

A total of 18,188 Carabidae individuals were identified, comprising a total of 59 species 

(including morphotypes within the genera Bembidion m dAm ara). Forty-six species 

were recorded on grassland during 1999, and 51 species were recorded on tillage 

farmland during 2000. Other beetles to fall into the traps were also identified at least to 

genus level, and these are included in the first set of ordinations. A number of shrews 

and small frogs made their way into the traps, and these are included in the first set of 

ordinations as well as the TWINSPAN analysis, because their presence can influence the 

catch by variously attracting and repelling insects. The most species-rich farm was a 

non-REPS farm in Wexford from which thirty species were recorded. The most species- 

poor farm was a non-REPS fann in Offaly, from which 12 carabid species were recorded.

As discussed in Section 3.1.5, relative abundance data from pitfall traps are misleading 

because abundance reflects activity levels rather than the actual abundance. However, 

abundance is of interest and importance because large numbers of predatory carabids, 

regardless of the species diversity of those numbers, can play a useful role in reducing 

crop pest numbers. In order to investigate this possibility, while taking account of the 

problems associated with pitfall trap abundance data, species richness is analysed 

separately from abundance throughout the results.
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The data are examined at two scales: first at farm level, including farm-level averages of 

species richness and abundance, and then regional level, for which the data from farms 

are pooled to allow the analysis of their collective beetle species richness and abundance. 

In Sections 5.3.1 and 5.3.2, the differences between REPS and non-REPS farms are 

tested using t-tests. May/June data are kept separate from August/September data.

Species richness is analysed in the first set of ordinations which include presence/absence 

data (Section 5.3.3). The ordination analysis package PCOrd is used for this, because it 

accepts presence/absence data and it allows individual species and environmental 

variables to be singled out for individual ordination. Abundance data are analysed in the 

next set of ordinations in the ordination package CANOCO, which accepts abundance 

(and percentage cover) data and allows statistical assessment of the importance of each 

environmental variable using Monte Carlo permutation tests.

Two-W ay Indicator Species Analysis (TWINSPAN) was carried out to identify species 

assemblages within the data and to pinpoint indicator species for those groups (Section 

5.4.5). Since all sampling was done on areas that were similar in terms of both habitat 

characteristics and management, it was considered unlikely that this part of the analysis 

would highlight links between important species assemblages and certain management 

factors. Therefore, only 4 to 6 end-groups are accepted.

In order to assess the equitability of the Carabidae catch, the percentage occurrence of the 

six most abundant carabid species in each category of farm (grassland REPS, grassland 

non-REPS, tillage REPS, tillage non-REPS) was calculated (Section 5.5). Finally, 

Section 5.6 discussed the capacity of Carabidae diversity to act as a surrogate for plant 

diversity.
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5.2. The relationship between Carabidae diversity and the fioral diversity 

of hedge and field margin

Although there appeared to be little correspondence between hedge age and species 

richness (Section 4.2), the possibility remained that hedge species richness is a surrogate 

for other factors that may influence invertebrate species diversity in those boundaries. To 

assess this, Carabidae species richness was regressed against hedge species richness.

Amongst the grassland data, regression of carabid species richness against the species 

richness of associated hedges showed that there is no significant relationship between the 

two. The R“ value is very low in the regression of Carabidae species diversity against 

hedge species richness (Fig. 5.2.1) and field margin species richness (Fig. 5.2.2) (R^ 

values of 0.0354 and 0.0728 respectively). It is concluded that there is no significant 

correlation between hedge species diversity and the richness of either the field margin 

flora or the Carabidae fauna. It is also concluded that the number of Carabidae species 

present in the field margin is not significantly correlated with the floral diversity of the 

field margin. This is what would be expected, since ground beetles are predominantly 

predatory and do not have specialised associations with plant species. The structural 

characteristics of the vegetation are more important than the constituent species in 

determining species richness.

With regard to the hedges and field margins of the surveyed tillage farms, the values 

are lower still, showing that on the surveyed farms, hedge species richness explains little 

of the variation observed in Carabidae species diversity, and that plant field margin 

diversity explains little of the variation observed in Carabidae species diversity (Figs 

5.2.3 and 5.2.4).
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Figure 5.2.1: Regression of Carabidae species richness against hedge species richness 

on grassland farms (n=60 hedges).
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Figure 5.2.2: Regression of Carabidae species richness against field margin species 

richness on grassland farms (n=60 margins).
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Figure 5.2.3: Regression of Carabidae species richness against hedge species richness on 

tillage farms (n=58 hedges).

0 10 20 30

No. margin plant species

♦  Carabidae Sp.R.

 Linear (Carabidae
Sp.R.)

Figure 5.2.4; Regression of Carabidae species richness against tillage field margin 

species richness (n=58 margins).
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5.3. Carabidae on Grassland

The species accumulation curve calculated for the grassland Carabidae data (Fig. 5.3.1) is 

clearly starting to level off, despite an increase after the half-way mark. The second 

round of sampling included many species which are more active in late summer than at 

the beginning of the season, and this is the explanation for the observed pattern of 

increasing species numbers half way along the graph. The species accumulation curve 

demonstrates that the intensity of sampling was adequate.

5.3.1. Species richness and abundance: farm-level averages

The pitfall trapping that was conducted in June 1999 had the highest rate of trap loss. 

16.7% of the non-REPS traps and 10.0% of the REPS traps were inadvertently lost or 

broken. One carefully chosen REPS farm has been eliminated from the June part of the 

analysis in order to contribute towards balancing the REPS/non-REPS species richness 

and abundance comparisons.

Overall in June and September, an average of 19.4±6.1 and 18±3.4 Carabidae species 

were found on REPS and non-REPS field margins, respectively, a difference which is not 

significant (p=0.44).

In June, an average of 11.9± 3.7 species were recorded on grassland REPS farms, and an 

average of 11.5±4.2 species on the non-REPS grassland farms. In September, the 

average values were 11.4±3.7 and 11.1±4.2 respectively. In June, abundance on REPS 

farms averaged 69.8±37.5 individuals and 76.6±62.4 on non-REPS farms. In September, 

average abundance values were 138.8±70.8 and 123.4±65.2 respectively (Fig 5.3.2).
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There is wide variation between the different farms, both in terms of ground beetle 

abundance and species richness. Amongst the June catch, abundance ranged from just 20 

beetles captured per farm, up to 230. Species richness per farm ranged from 3 to 19. In 

September, abundance ranged from 51 beetles up to 310 and species richness from 5 to 

17. This wide variation appears to be primarily a result of the habitat variation between 

the trap sites, rather than the differences between REPS and non-REPS field margin 

management. Grass length, for example, varies widely between grazed fields and fields 

from which stock have been temporarily removed.

Although fewer species were caught in September, the overall abundance was greater 

(Fig. 5.3.2). This higher abundance of beetles captured in September is partly due to the 

fact that certain (autumn-breeding) species experience a peak in activity/density at the 

end of the summer, and these species account for a large proportion of the September 

catch. The high rate of trap loss in June also contributes to this discrepancy between the 

June and the September abundances (although this discrepancy was reduced by the 

elimination of one June REPS farm from this part of the analysis).
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Figure 5.3.2: The average Carabidae species richness and abundance per grassland farm.
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5.3.2. Species richness and abundance: regional level

Scaling up from farm-level to regional species richness, the Carabidae distribution 

remains marginally in favour of the REPS farms: an overall total of 40 carabid species 

were recorded from REPS farms and 38 from non-REPS farms, with 32 species common 

to both groups (Fig. 5.3.4).

In June, a total of 36 species were recorded on all REPS farms and 31 from non-REPS 

farms. In September, a total of 29 species was recorded on both REPS and non-REPS 

farms. Total June abundance values were 902 specimens on REPS farms and 1066 on 

non-REPS farms. Total September abundance values were 2093 individuals on REPS 

farms and 1859 on non-REPS farms (Fig. 5.3.3).

At least five Amara  species were recorded on REPS farms in June, with only one species 

being recorded on non-REPS farms. These are primarily seed-eating species, and their 

presence may reflect greater food availability in the field margins of REPS farms.

Five Agonum  species were recorded in REPS grassland farms in June, with two recorded 

on non-REPS farms. Agonum fuliginosum  was unique to this category of farm (i.e. REPS 

farms in June). This species is described as strongly hygrophilous and the most cold- 

tolerant of all Irish Agonum  species (Anderson et al., 2000). Elaphrus cupreus, also 

strongly hygrophilous, was also recorded only on REPS farms in June. The related but 

less common species E. riparius, also described as strongly hygrophilous, was recorded 

only from non-REPS farms.

Dromius linearis and Trechoblemus micro are both rather local and uncommon species 

which were recorded only from non-REPS farms. They tend to be associated with sandy 

and damp habitats, and T. micro in particular favours river banks, although this habitat 

did not occur in this study.
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Pterostichus anthracinus has been found to be rare in the Northern Ireland Ground Beetle 

Recording Scheme, and it was described as being characteristic of unimproved grassland 

with low pH. In this study it was found on both REPS and non-REPS farms in both June 

and September. A further investigation of its habitat preferences is provided in Section 

5.3.3 and Figure 5.3.11.
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5.3.3. Ordinations

C C A  of all presence/absence data, with plots of individual species and variables (PCOrd)

In ordination analysis it is not necessary for the num bers o f traps to be equal across the 

REPS and non-REPS categories, as it is when species totals were being calculated for the 

tw o groups o f farm s. Therefore, all data were included in the ordination analysis.

A DCA was done first in order to observe the patterns into which the data fall w ithout the 

constraints of the linear environm ental variables. A scatterplot of the D CA  is shown in 

F igure 5.3.5, and it is observed that the sites are scattered evenly across the plot, with a 

reasonable interm ixture o f REPS and non-REPS plots. Environm ental variables that 

rem ain at an R ‘ correlation value o f 0.07 are included on the plot.

F igure 5.3.6 show s the first PCOrd CCA  ordination. The eight environm ental variables 

that rem ain at an R^ correlation value o f 0.09 are included on the plot. The most 

im portant variable in explaining variation in pitfall trap catch species richness is the age 

o f the hedge. Axis 1 correlates with the variables hedge age and ‘sequence’, which is 

sim ply the sequence in which the traps were set and collected. Therefore, it includes 

several sources o f variation including farm -to-farm  variation and w eather conditions.

Axis 2 corresponds to the variable ‘stock type’, which is a m anagem ent intensity 

variable. H igher input and higher m anagem ent intensity fields such as silage fields are 

located tow ards the low er end of Axis 2. A large num ber o f REPS hedges are located 

tow ards the top o f the ordination plot, but none o f the environm ental variables clearly 

explain this pattern. This pattern is not observed in the D CA , appearing only when the 

data are fitted to the environm ental variables, although none o f the variables clearly 

explain it. The pattern disappears in the view of A xes 1 and 3, so it is related to Axis 2, 

which appears to be a m anagem ent intensity gradient. H ow ever, the REPS farm s in the 

upper left cluster are not notably low er in intensity than other fields in other parts o f the 

plot. The habitat preferences of species whose distribution peaks in this part of the plot
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were examined, but these do not help to explain the concentration of REPS farms in this 

area. The explanation may lie with the age of the hedge. An individual ordination (Fig. 

5.3.12) of this variable showed that it is negative along both Axis 1 and Axis 2, and since 

all of the older hedges were non-REPS hedges, this may explain the pattern observed 

here. In conclusion, this pattern is to some extent an artifact of the CCA analysis, since it 

does not appear in the DCA plot, but hedge age may also explain it. It may be accounted 

for partly by the fact that there are slightly more REPS sites included in the ordination 

than non-REPS sites.
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REPS black.)
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A number of environmental and management variables were picked out for individual 

ordination. Hedge age (Fig. 5.3.8) is the most important variable in explaining variation 

in species richness. Although the majority of hedges are of approximately similar age, a 

number of older non-REPS hedges are located to the lower left, with several newer REPS 

hedges lying to the upper right of the ordination. Hedge age shows a negative gradient 

along both Axis 1 and Axis 2. Therefore, it may explain the differentiation between 

REPS and non-REPS farms that was observed in the scatterplot (Fig. 5.3.12). The 

distribution of hedge gappiness is shown in Figure 5.3.13. The more gappy hedges are on 

non-REPS farms (Plate 3). The relationship between gappiness and carabid diversity is 

further investigated in the CANOCO analysis section. Fence distance is plotted in Figure 

5.3.14, showing that fencing off of field margins was more frequent on REPS than on 

non-REPS farms. It shows a negative correlation along Axis 1. Correspondingly, there 

is more bare ground around pitfall traps set in non-REPS field margins compared to 

REPS field margins.
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Figure 5.3.9: Scatterplot o f hedge gappiness on surveyed grassland farms.
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A number of individual species are also selected for discussion. Carabus nemoralis, a 

species normally associated with woodland, is plotted in Figure 5.3.11. It was recorded 

most frequently on REPS farms and appears moderately varied in its habitat preferences, 

although it seems to prefer the shade of tall vegetation. It is described in the literature as 

a woodland species. Cychrus caraboides is a specialised snail-feeder and it is also 

described as characteristic of woodland. It would therefore be expected to prefer older 

and denser hedges, but this was not the case in this particular study. The species was 

recorded from a range of hedge types, three REPS and one non-REPS. The seed-eating 

species Amara aulica was recorded from non-REPS farms only (Fig. 5.3.13), and its 

distribution is quite localised. Lindroth (1996) stated that this species is typically found 

on meadow ground, notably where plants of Compositae species are abundant; the beetles 

climb them during the night in search of fruits. Here its distribution correlated with hay 

cutting and hedge height. Only two fields from which hay was cut were surveyed, and 

both were on a non-REPS farm. Amara aulica was recorded from one of these fields, and 

from four others which could also be described as relatively low-input, all of which were 

non-REPS. These more diverse fields correspond more closely to the species’ habitat 

description than fields from which silage is cut. The distribution of the species also 

suggests that it does not favour fenced-off margins where vegetation is lusher and taller. 

As discussed above, fencing is more frequent in REPS margins, further contributing to 

the species’ ‘preference’ for non-REPS margins. Pterostichus anthracinus is described 

as being characteristic of unimproved grassland of low pH in Northern Ireland, and its 

distribution is displayed in Figure 5.3.14. It was recorded from two REPS and two non- 

REPS farms. Each record is of a single individual, apart from one of the REPS sites from 

which two individuals were taken.
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Figure 5.3.11: CCA scatterplot of Carahus nemoralis in grassland field margins. REPS 

occurrences are in green, non-REPS in black.
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Figure 5.3.12: Scatterplot of Cychrus caraboides.
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Figure 5.3.14: Scatterplot of the species Pterostichus anthracinus.
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CCA of all pitfall trap data with Monte Carlo permutation tests (CANOCO)

The above ordinations utilised only presence/absence data in order to investigate the 

factors influencing species richness. In this part of the ordination analysis, abundance 

data are included. In five cases, neither of the two traps set alongside each hedge were 

recovered during the June trapping, and these hedges have been omitted from this part of 

the analysis.

A DCA of the data was carried out. The eigenvalues for Axes 1 and 2 are above 0.2, 

showing that there is sufficient spread of the data along these axes to proceed with CCA 

and Monte Carlo tests of the environmental variables (a list of which is provided in 

Appendix 5).

The Monte Carlo permutation tests show that six variables are significant at the 5% level. 

Hedge gappiness is the variable that explains most variation in the carabid species 

abundance data. Sequence is the second most important variable. This variable conveys 

the variation between hedges, and it therefore incorporates hedge-to-hedge and farm-to- 

farm variation as well as weather conditions to which some traps and not others were 

subjected, due to their being in place when others had not yet been set, or just taken up. 

The level of margin inputs is the third most significant variable. The age of the hedge is 

one of the least significant variables, which is surprising because it is the most important 

variable in the ordination of presence/absence data. Therefore the age of the hedge has 

an important influence on the species composition of the carabid field margin 

assemblage, but not on the abundance. Hedge age was subjected to a manual Monte 

Carlo test in order to calculate its p-value in the marginal effects, i.e. the effect of this 

variable alone without the influence of other variables. The p-value was 0.495, which is 

even higher than its value in the conditional effects, showing that there is some co

correlation of hedge age with variables such as gappiness and hedge height. The 

eigenvalue for Axis I is 0.242, showing that there is a satisfactory explanation of 

variation of the data along this axis.

220



The ordination of sites and the six most significant environmental variables is displayed 

in Figure 5.3.15. REPS and non-REPS farms appear to have a similar distribution across 

the plot. Axis 1 correponds to the gappiness of the hedge and to the ‘eastings’ of the 

hedge, indicating an influence of aspect on the species data. These variables are related 

because the effect of aspect is modulated by the gappiness of the hedge: aspect is less 

important in affecting field margin microclimate in a gappy, low hedge than in a dense, 

tall hedge. Oddly, the level of phosphorus appears to be inversely proportional to the 

level of margin inputs as judged by the farmers themselves.

An ordination plot of species and environmental variables is displayed in Figure 5.3.16. 

Fewer species are positioned at higher levels of gappiness, which may indicate that fewer 

species or lower abundances of species are found in gappier hedges.
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Table 5.3.1: Results summary of a DCA of grassland Carabidae abundance data.

Axes 1 2 3 4 Total inertia

Eigenvalues : .326 .203 ,122 .072 1.790
Lengths of gradient : 2.061 1.983 1.735 1.511
Cum ulative percentage variance 

o f species data ; 18.2 29.5 36.3 40.4

Table 5.3.2: Monte Carlo test results summary.

M arginal Effects Conditional Effects
Variable Var.N Lambdal Variable Var.N LambdaA P F

Gappines 9 0.09 Gappines 9 0.09 0.005 2.94
Hdge sp 11 0.08 Sequence 1 0.06 0.035 1.93
Asp Sin 6 0.07 Marg inp 12 0.06 0.040 1.91
Sequence 1 0.07 Asp Sin 6 0.05 0.030 1.93
Herb veg 15 0.07 P I 22 0.06 0.050 1.94
Cuts sil 17 0.06 Hdge sp 11 0.05 0.030 2.01
Fence di 10 0.06 Cuts hay 18 0.05 0.140 1.69
Marg sp 13 0.05 FYM 20 0.04 0.085 1.55
P I 22 0.05 Herb veg 15 0.04 0.105 1.48
Cuts hay 18 0.05 Marg sp 13 0.04 0.110 1.43
Hdge hgh 8 0.05 Asp Cos 5 0.04 0.145 1.37
% bare 4 0.04 % bare 4 0.04 0.170 1.50
Slurry 19 0.04 Slurry 19 0.04 0.120 1.44
Mg I 24 0.04 Soil pH 21 0.03 0.240 1.19
Ploughin 16 0.04 Cuts sil 17 0.02 0.385 1.03
Asp Cos 5 0.04 Hdge hgh 8 0.03 0.525 0.96
FYM 20 0.03 Fence di 10 0.02 0.420 1.00
K I 23 0.03 Hdge age 7 0.03 0.345 1.09
Hdge age 7 0.03 Stock ty 3 0.03 0.465 0.92
Other si 4 0.03 Ploughin 16 0.01 0.875 0.61
Marg inp 12 0.03 Other si 4 0.02 0.935 0.56
Soil pH 21 0.02 K1 23 0.01 0.915 0.57
Stock ty 3 0.01 Mg I 24 0.01 0.970 0.44

Table 5.3.3: Eigenvalues obtained in a CCA of the grassland Carabidae abundance data.

Axes 1 2 3 4 Total inertia

Eigenvalues : .242 .130 .113 .087 1.723
Species-environment correlations : 
Cumulative percentage variance

.859 .759 .719 .852

of species data : 14.0 21.6 28.2 33.2
o f species-environment relation: 27.7 42.5 55.5 65.5
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5.3.4. Two-Way Indicator Species Analysis; TWINSPAN

Four end-groups were accepted in the TW INSPAN ordination of the grassland pitfall 

data. All of the data for each hedge were merged (two traps per field margin in 

May/June, repeated in August/September), resulting in 60 samples. Other beetle species, 

frogs and shrews were also included in the ordination. In displaying a scatterplot of the 

groups, a DCA only was used, because this allowed the groups to separate more clearly 

than a CCA.

The main division seems to aggregate the sites on the basis of hedge age. Most of the 

sites are in the negative grouping, and the indicator species are the widespread and 

common species Pterostichus madidus and Harpalus rufipes. Pterostichus madidus is a 

generalist predator, and Harpahis rufipes is a common seed-eating species. The positive 

end of the division contains 15 sites and the indicator species are Carabus granulatus, 

Agonum muelleri and Pterostichus nigrita. Carabus granulatus and Pterostichus nigrita 

tend to favour areas near water.

Group 1 contains 15 field margins, 8 of which are on non-REPS farms. Indicator species 

are Bembidion lampros and Abaxparallelopidus. The former is a small carnivorous 

species, the commonest member of its genus in Britain. Abax parallelopidus is a large, 

frequently encountered scavenger. Group 1 appears to correlate with older hedges, and 

this is clearer in the view of Axis 1 and 3 (Fig. 5.3.19).

Group 2 contains 30 field margins, 16 of which are non-REPS. The indicator species 

associated with Group 2 is the widespread and common species Nebria brevicollis. This 

large group is spread around the plot and it is difficult to ascribe it to any particular 

environmental variable. Nebria brevicollis is, after all, a widespread generalist species.
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Six of the 11 field margins that make up Group 3 are in the REPS. No indicators are 

associated with this group. The group appears to correspond to younger hedges and 

higher numbers of hedge species.

Group 4 contains 4 sets of traps (3 REPS) in which shrews were inadvertently captured. 

The presence of small mammals in the traps can attract scavenging and carrion-feeding 

insects which may not otherwise be encountered, such as carrion beetles (Silphidae). 

Group 4 contains elements of this assemblage. It is interesting to note that most of the 

farms in this ‘shrew ’ end-group are REPS farms. Shrews were indeed caught more often 

on REPS than on non-REPS farms: at least one shrew was caught on 12 REPS and 9 non- 

REPS farms. Two or more were captured on 8 REPS and 3 non-REPS farms. The group 

is located to the lower right in both the plot of Axis 1 and 2 and the plot of Axis 1 and 3. 

A likely factor influencing shrew distribution is vegetation density and height. Axis 3 

corresponds to percentage of bare ground, and Group 4 is located amongst the low values 

of this variable.

226



Bemb lamp 
Abax para

Ptero madi

H a r p  rufi

-ive

60

+ive

Cara gran 
Agon muel

45

Nebr brev

15 Group 1

30 Group 2

11 Group 3

15
Ptero nigr

Shrews

Group 4

Figure 5.3.17: TW INSPAN groups of grassland Carabidae, with indicator species.
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Figure 5.3.18: TWINSPAN groupings of grassland carabid data, overlaid on a DCA. 

Axes ] and 2 are displayed, witli the most important environmental management 

variables superimposed (R^ cutoff value 0.07).
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5.4. Carabidae on Tillage

5.4.1. Species accumulation curve for all tillage Carabidae data

The species accumulation curve for the tillage Carabidae data shows that the rate o f new 

species encountered plateaus out quite rapidly (Fig. 5.4.1). This implies that, had 

sampling been continued, few new species would have been recorded, and it is concluded 

that sampling intensity was adequate.

5.4.2. Species richness and abundance: farm-level averages

As explained in Section 4.5, uncultivated margins on REPS and non-REPS farms in 

Wexford were measured, and it was found that REPS fields had significantly wider 

margins (average 181cm) than non-REPS fields (average 145cm) (p <0.001). Very few 

traps were lost or broken during the tillage fieldwork. As previously explained, one ‘non- 

REPS’ farm and one non-REPS hedge containing Rhododendron ponticum  were dropped 

from the analysis. Where it was necessary to balance the number o f REPS and non- 

REPS farms (i.e. fo r the species richness and abundance comparisons, but not for the 

ordinations), a REPS farm from the same area as these two non-REPS farms was 

dropped.

The farm-level average carabid species richness in the tillage fie ld margins was compared 

between REPS and non-REPS farms. An average o f 21.6±4.5 carabid species was 

recorded in the (wider) REPS margins, compared to an average o f 21.4±4.1 in non-REPS 

margins. Clearly, these two groups were not significantly different (p=0.9).
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As with the grassland data, variation between farms was found to be very high. 

Abundance ranged from just 32 beetles up to 910 in June, and 33 up to 396 in September. 

Species richness per farm varied from 10 to 25 in June and from 5 to 15 in September.

In June, species richness averaged 14.7±3.4 species per farm on REPS farms and 

15.4±4.4 on non-REPS farms. In September, average values were 10.4±3 and 10±2.8 

species on REPS and non-REPS farms respectively. In June, abundance (total number of 

beetle individuals trapped per farm) averaged 306.1±237.3 individuals on REPS farms 

and 238.3±239.8 on non-REPS farms. In September, abundance averaged 183.6±109.8 

individuals on REPS farms and 133.8±102.5 on non-REPS farms (Fig. 5.4.2). One of the 

reasons for this large range of variation in abundance is the tendency of certain species, 

such as the herbivorous species Harpalus rufipes and the carnivorous Nebria brevicollis, 

to cluster together, so that where they are recorded they can be recorded in very large 

numbers. This inflates the variation between the beetle abundance in different samples.
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Figure 5.4.1: A species accumulation curve for all tillage pitfall trap data (primarily 

Carabidae).

■ REPS abundance
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♦  Non-REPS species 
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Figure 5.4.2: The average Carabidae species richness and abundance per farm (n=28 

farms).
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5.4.3. Species richness and abundance: regional level

Changing the focus from farm level to regional level, the total number of carabid species 

in REPS margins was compared to the total recorded in non-REPS margins. The carabid 

fauna was found to be remarkably standard: a total of 44 carabid species were recorded 

from REPS margins and 48 from non-REPS margins, with 41 common to both groups 

(Fig 5.4.4). In June, 42 species were recorded on REPS farms and 46 on non-REPS 

farms. In September, a total of 27 species were recorded on both groups of farms. Total 

June abundances were 3704 individuals on REPS farms and 3132 on non-REPS farms; in 

September there were 2209 individuals on REPS farms and 1605 on non-REPS farms 

(Fig. 5.4.3). The gap between species richness on REPS and non-REPS is wider in June, 

showing that a slightly higher level of species complementarity exists between the non- 

REPS farms. However, the fact that traps were likely to have been operating at a more 

efficient level in the more disturbed, cultivated non-REPS field margins -  particularly in 

June, because of the high proportion of bare ground due to cultivation -  downweights the 

significance of this observation.

The range of species recorded from REPS farms is very similar to that recorded from 

non-REPS farms. The level of overlap (Fig. 5.4.4) is larger than that on grassland farms. 

Most of the species that are found on REPS farms and not on non-REPS farms, and vice- 

versa, are from the seed-eating genus Amara. Pristonychus terricola, a rather uncommon 

species that was found in the Northern Ireland Recording Scheme to favour rabbit 

burrows and old buildings, was recorded only on one non-REPS tillage farm. Synuchus 

nivalis, which is widespread but scarce in Northern Ireland (Anderson et al., 2000), was 

recorded on both REPS and non-REPS farms in both June and September.
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Figure 5.4.3: The total species richness and abundance of Carabidae on all REPS farms 

and non-REPS farms.
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(44 species)
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Figure 5.4.4: The collective species richness of all REPS and non-REPS farms.

234



Abundance and biological control

Ground beetles perform an important biological control function in tillage land. Most are 

predatory and consume crop pests such as herbivorous larvae, slugs and aphids. In doing 

this effectively, it is ground beetle abundance rather than species richness which is 

important. As demonstrated above, the surveyed REPS margins were significantly wider 

than their non-REPS counterparts. Did the wider REPS margins harbour more ground 

beetles, providing a better biological control resource? In order to answer this question, 

beetle abundance in REPS tillage margins was compared with that in non-REPS tillage 

margins. The farm-average abundance of beetles in REPS margins was markedly greater 

than that on non-REPS margins. The difference is not statistically significant (2-sample 

t-test p=0.45 June, p=0.23 September), the between-farm variation being large. For 

example, an average of 306±237 beetles were trapped on REPS grassland farms in June. 

Nevertheless, it is an encouraging sign that wider tillage margins are providing a very 

real benefit by harbouring predators of crop pests.

Bare ground and trap efficiencv

In early June the crops have not yet reached their full height, nor has the field margin 

vegetation. There is a higher proportion of bare ground than in September, when field 

margin growth, leaf litter, dead vegetation and crop stubble have greater coverage than 

earlier in the year. With other influences being equal, when pitfall traps are set in open 

locations such as bare ground they are more efficient and tend to capture more species in 

greater abundance. This may explain the fact that both abundance and species richness 

are higher at this time of the year.

It has been shown that the REPS field margins were significantly wider than the non- 

REPS field margins. Since all traps were set 1.5m from the hedge base, this meant that 

traps were more likely to be located beyond the margin and in the crop itself on non- 

REPS farms. There are important differences between the crop and the field margin
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microhabitats. At ground level the crop area consists predominantly of bare ground, 

whereas the field margin tends to be covered with a variety of vegetation and litter. For 

this reason, traps are likely to be more efficient in the crop area. More traps were set in 

the crop area on non-REPS farms. This confounding factor means that beetle abundance 

and species richness have been skewed in favour of the non-REPS farms because of the 

greater trap efficiency in their narrower margin. This skewing effect is likely to be 

stronger in June. Taking this into account, the slightly higher average species richness on 

non-REPS farms in June appears less important. On the other hand, the consistently 

higher beetle abundance on REPS farms takes on more importance.

5.4.4. Ordinations

CCA o f all presence/absence data, with plots o f individual species and variables (PCOrd)

The factors affecting species richness were analysed separately from those influencing 

abundance. Presence/absence data, i.e. species richness data, are analysed first (in 

PCOrd). All data including abundance data are analysed in the following section.

A DCA of the tillage pitfall presence/absence data was carried out (Fig. 5.4.5). REPS 

and non-REPS sites have different distributions on the plot. Non-REPS sites have a more 

restricted distribution, being further to the left of Axis 1 and higher on Axis 2. This 

corresponds to narrower margins and lower-input crops. REPS sites are more widely 

distributed around the plot but most are in the lower half of the plot, corresponding to 

wider margins and more intensive crops. It is not fully understood why this pattern 

emerged, because although a higher number of the sugar beet sites were on REPS farms, 

most of the wheat sites (ranked as the most intensive) were on non-REPS farms. It is 

concluded that field margin width is the most likely factor explaining the separation of 

REPS and non-REPS sites on the plot. The significantly wider margins on REPS farms
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do not correspond to a significantly greater species richness, but this DCA indicates that 

they may be affecting the species assemblage.

Figure 5.4.6 contains an ordination plot of a CCA of the tillage presence/absence data. 

Environmental variables are included at a minimum correlation (R^) value of 0.11 (at 

lower values of R^, clarity is lost due to the high number of variables which appear on the 

plot). The plot shows that REPS hedges have a slightly different distribution to the non- 

REPS hedges: the REPS cloud of points is higher than the non-REPS cloud of points. 

Margin width is one of the most important variables in explaining the observed variation. 

Field margin input levels also emerge as being important. This variable is to some extent 

a surrogate for REPS membership, because it is judged very approximately from 

discussion with the farmer, and since tillage REPS farmers are aware that they should be 

reducing inputs in the margins, the true level of accuracy amongst the replies is difficult 

to judge. In any case the distinction between REPS and non-REPS sites is less distinct in 

the CCA than it is in the DCA. Axis 1 correponds to the age of the hedge, which is the 

most important variable, and to the management intensity and input levels ( ‘Crop type’). 

Hedge age was determined by discussion with the farmer and by consulting Ordnance 

Survey maps, but it proved difficult to get exact information. Therefore, hedge ages were 

categorised as less than 100 years old, between 100 and 200 years, and between 200 and 

300 years. The majority were thought to be between 100 and 200 years old. Crop type is 

a quantitative variable with four levels which convey the intensity and input level of the 

crop. The least intensive crop surveyed was linseed, which requires very few inputs.

(The farmer in question referred to his linseed crop as ‘practically organic’.) Crops are 

ranked in order of increasing input through barley, sugar beet and finally winter wheat, 

which requires high levels of nitrogen. Axis 2 appears to correlate with the number of 

hedge species and the level of inputs in the field margins. Figure 5.4.7 shows a biplot of 

species with the most important environmental variables.

A number of environmental and management variables were selected for individual 

ordination. The variable ‘Crop type’ conveys the management intensity and input levels 

of the crop in each field. All surveyed crops are ranked from 1 to 4 in order of increasing
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intensity, ranging from linseed (least intensive) to wheat (most intensive). The ordination 

of crop type (Fig. 5.4.8) clearly shows that the more intensively managed fields are on the 

left, the less intensively managed on the right, a gradient which corresponds to Axis 1. 

The age of the hedges surveyed is plotted in Figure 5.4.9. The ordination shows a strong 

left-right gradient in the data, with younger hedges on the left and older hedges on the 

right. Although this is an important variable in explaining variation in the species data, it 

is nevertheless important to note that the majority of the hedges were of similar ages, as 

shown in the plot. The hedge age gradient is inversely proportional to crop intensity 

though it is not understood why this is the case. Higher-intensity crops are more likely to 

be in larger fields from which hedges have been removed over the years to facilitate 

larger-scale production, but it is not understood why older hedges would have been 

preferentially removed. Where hedges have been removed to enlarge the fields, 

remaining hedges would be expected to display a similar age profile. The level of margin 

inputs and disturbance is plotted in Figure 5.4.10, showing that there are far higher levels 

in non-REPS farms due to the narrower uncultivated margins (Fig. 5.4.11) and the 

absence of restrictions on field margin inputs.
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Axis 1A Hedge age

Figure 5.4.5: DCA of all tillage pitfall presence/absence data, displaying REPS (green) 

and non-REPS (black) sites. The 4 most important environmental variables are 

superimposed. Each datapoint represents the pooled data for one hedge.
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Figure 5.4.6: Scatterplot of a CCA of all tillage pitfall presence/absence data with
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Figure 5.4,7: CCA scatterplot of species recorded in tillage field margins, with the 4 

most important environmental variables.
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Tillage pitfall traps: presence/absence
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Figure 5.4.8: CCA scatterplot of crop type on tillage farms. REPS sites are in green, 

non-REPS in black.
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Figure 5.4.9: A scatterplot of hedge age. A gradient of increasing hedge age along Axis 

1 is evident.
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Axis 1

Figure 5.4.10: CCA scatterplot o f levels of margin inputs and disturbance. Higher 

values (large points) are associated with non-REPS sites (in black).
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Figure 5.4,11: Scatterplot o f margin width on tillage farms. Higher values are 

associated with REPS sites (in green), and a gradient along both axes is evident. (Units 

along graph axes are cm.)
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A number of species are discussed separately. Harpalus rufipes is a common 

herbivorous species. It eats the seeds of weedy species in the field margins, but can also 

be a pest, particularly on soft fruits such as strawberries. Its widespread distribution is 

illustrated by Figure 5.4.12. The distribution of the hygrophilous species Bembidion 

guttula is shown in Figure 5.4.13. This species was recorded 12 times on non-REPS 

farms and only twice on REPS farms. The plot shows that it is not associated with 

certain environmental variables, which makes it difficult to explain its ‘preference’ for 

non-REPS farms. Clivinafossor, a species which is specialised for digging and 

underground living, was recorded eight times on non-REPS farms and only once on 

REPS farms. It is likely that it benefits from the higher proportion of bare ground in the 

non-REPS margins. This does not emerge clearly from the ordination (Fig. 5.4.14), but it 

may be obscured by other factors. Interestingly, Cychrus caraboides was recorded only 

on REPS farms (Fig. 5.4.15). This is a species which is specialised for feeding on snails 

and slugs. Its mouthparts are narrow and elongated, adapted for reaching into snail shells 

to access its prey. It is large and unable to fly, characteristics which are associated with 

stable, relatively undisturbed habitats. It is likely that wider undisturbed margins are 

benefiting this species.
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Figure 5.4.12: Presence/absence scatterplot of the distribution of Harpalus rufipes, a 

common herbivorous species, on REPS (green) and non-REPS (black) farms.

A x is  1

Figure 5.4.13: CCA scatterplot of the distribution of Bembidion guttula.



Axis 1

Figure 5.4.14: CCA scatterplot of Clivina fossor, a digging species which is adapted for 

underground conditions and is predominantly recorded on non-REPS farms.

Axis 1

Figure 5.4.15: Scatterplot o f  Cychrus caraboides.
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CCA with Monte Carlo forward selection ('CANOCO')

A DCA of the tillage Carabidae abundance data shows high eigenvalues of 0.406 and 

0.199 for the first two axes (Table 5.4.1). With this satisfactory spread of the data along 

the first two axes, environmental variables were included and a CCA was carried out.

The CCA of the tillage Carabidae data shows that non-REPS sites appear to be evenly 

spread across the ordination diagram (Fig. 5.4.16), but REPS sites are clustered to a 

greater degree (upper left quadrant of the plot). Eigenvalues are 0.32 for Axis 1 and 0.23 

for Axis 2, dropping to 0.071 for Axis 3 (Table 5.4.3). The variable that explains the 

most variation is ‘Sequence’, which accounts for between-hedge variation and the 

weather conditions to which some traps were exposed due to their having been in place 

when others had not yet been put in or had been collected. Northings, or the degree to 

which the hedge faced North, was the next most influential variable. Margin width is 

highly significant in the marginal effects: manual selection and testing of this variable 

showed that it has a p-value of 0.02. It is much less important in the conditional effects, 

implying that it is co-correlated with one of the other variables. However, when it was 

removed from the Monte Carlo tests to investigate this, the order of significance of the 

remaining variables changed very little, implying that there is no substantial co

correlation. Therefore, its placement in the conditional effects cannot be explained.

A second strange feature of Table 5.4.2 is the low placement in the marginal effects of 

number of hedge species, showing that this variable alone explains little of the observed 

variation, but it is highly significant in the conditional effects when the other variables 

are taken into account. When number of hedge species is removed from the analysis, P 

and K levels correspondingly increase in significance. This shows that there is some co

correlation between number of hedge species and P and K levels.
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A plot of the species and environmental variables (Fig. 5.4.17) shows that many of the 

species are found at higher levels of K and slurry application. Margin width does not 

appear to correlate with higher numbers of species. The four outlying species to the right 

of the ordination are species which were recorded only a small number of times.
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Table 5.4.1: Results summary of a DCA of tillage Carabidae abundance data.

Axes 1 2 3 4 Total inertia

Eigenvalues
Lengths of gradient : 
Cum ulative percentage variance 

o f species data :

.406
3.025

24.5

.199
2.180

36.4

.093
1.666

42.0

.059
1.285

45.6

1.661

Table 5.4.2: Monte Carlo test results summary.

Marginal Effects    Conditional Effects
Variable Var.N Lambdal Variable Var.N LambdaA P F

Sequence I 0.19 Sequence 1 0.19 0.005 7.54
Hdge age 7 0.12 Asp Cos 5 0.08 0.010 3.07
Marg wdt 12 0.08 Slurry 16 0.07 0.015 3.03
P I 19 0.08 Curr man 15 0.07 0.010 2.79
Asp Cos 5 0.07 Hdge sp 10 0.06 0.010 2.59
Marg sp 13 0.06 Hdge age 7 0.05 0.010 2.54
Curr man 15 0.06 % bare 14 0.04 0.060 1.94
Crop typ 3 0.06 P I 19 0.04 0.050 1.99
M g! 21 0.06 K I 20 0.04 0.015 1.98
Gappines 9 0.06 Marg inp 11 0.03 0.225 1.22
Marg inp 11 0.05 Marg wdt 12 0.02 0.355 1.07
Lime I 18 0.04 Marg sp 13 0.03 0.240 1.21
Soil pH 17 0.04 Other Si 4 0.02 0.460 1.03
Asp Sin 6 0.04 Gappines 9 0.02 0.400 1.04
% bare 14 0.03 Mg 1 21 0.02 0.645 0.89
SluiTy 16 0.03 Lime 1 18 0.03 0.055 1.74
Hdge sp 10 0.03 Hdge hgh 8 0.02 0.635 0.83
Other Si 4 0.02 Soil pH 17 0.01 0.795 0.67
K I 20 0.02 Crop typ 3 0.01 0.905 0.57
Hdge hgh 8 0.02 Asp Sin 6 0.01 0.950 0.49

Table 5.4.3: CCA results summary.

Axes 1 2 3 4 Total inertia

Eigenvalues : .321 .227 .071 .062 1.586
Species-environment correlations : 
Cumulative percentage variance

.884 .862 .775 .794

of species data : 20.3 34.6 39.0 42.9
of species-environment relation: 37.3 63.6 71.8 79.0
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Figure 5.4.16: CCA biplot displaying REPS (green) and non-REPS (black) sites with 

environmental variables significant at the 5% level.
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Figure 5.4.17: CCA species biplot showing the relationship between carabid species in 

tillage field margins, and most significant environmental variables.
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5.4.5. Two-Way Indicator Species Analysis: TWINSPAN

Four end-groups were accepted in the TWINSPAN ordination of the tillage pitfall trap 

data (Fig. 5.4.18). As with the grassland data, all information was included in the 

ordination, including the presence of small mammals in the traps, since this can influence 

trap contents. Data on 58 field margins are included (two less than the grassland data due 

to the exclusion of the one farm which transpired to have been in the Scheme with a 

private planner).

As with the grassland pitfall trap data, a DCA is used to plot the TW INSPAN groups 

(Fig. 5.4.19). A CCA yielded a large amount of overlap between the groups, hampering 

interpretation.

The first division appears to be primarily on the basis of margin width. The negative 

grouping is indicated by the species Pterostichus niger, Pterostichus melanarius and 

Abaxparallelopipediis. This group of 28 sites seems to be associated with older, taller 

hedges and wider margins. Pterostichus niger and Abax parallelopipedus are both large 

species that are associated with woodland habitats, so it is appropriate that they should be 

recorded from the older and taller hedges. The positive group contains 30 sites and no 

indicators are associated with it. The scatterplot (Fig. 5.4.19) indicates that these sites 

tend to be higher-input fields.

Group 1 contains 16 field margins, 11 of which are in the REPS. The end-group is 

indicated by the carrion-feeding Oiceoptoma thoracica (Silphidae) and the scavenger 

Abax parallelopipedus. This appears to be the group of traps into which small mammals 

fell, influencing the catch by attracting more carrion-feeders and scavengers than would 

otherwise have fallen in. It is interesting to note that this group is dominated by REPS 

sites, as was the case with a similar end-group in the grassland analysis. Again, shrews 

were caught more often in the REPS field margins: at least 1 shrew was caught in 22 

REPS and 17 non-REPS tillage margins. At least 2 shrews were caught on 15 REPS and
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9 non-REPS tillage margins. It is speculated that the greater abundance of beetles in the 

wider tillage margins is benefiting small mammals higher up the food chain which prey 

on invertebrates including Carabidae. Since the shrew abundance data were not normally 

distributed, a non-parametric test was done to test the significance of the difference. A 

Mann-Whitney test concluded that REPS tillage field margins had significantly more 

shrews than non-REPS margins (2-tailed M-W test, p=0,035).

Group 2 contains 12 field margins, 7 non-REPS, indicated by Agonum muelleri, 

Pterostichus nigrita and Clivinafossor. This group is centred slightly higher along Axis 

2 than Group 1. Margin width decreases vertically along Axis 2, so it is concluded that 

Group 2 contains those sites with narrower margins. Shrews, therefore, appear to prefer 

the wider field margins.

End-groups 3 and 4 contain data from 16 and 14 field margins respectively. Most of the 

samples in Group 3 are from REPS farms (9 out of 16). Group 3 is widely scattered 

across the plot, and it is difficult to characterise it. In Group 4, 9 of the 14 samples are 

non-REPS, and the group is indicated by Agonum muelleri, which also characterises 

Group 2, and Nebria brevicollis, a very common carnivorous species that is typical of 

disturbed sites. It is hypothesised from the scatterplot that Group 4 corresponds to the 

higher-intensity sites.
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Figure 5.4.19: PCOrd DCA of all tillage field margin presence/absence data, overlaid by 

TWINSPAN end-groups together with environmental variables (R^ cutoff value 0 .11).
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5.5. Tillage and Grassland: Equitabllity of the carabid community

As a means of assessing the equitability of the carabid communities on the different 

categories of farm, the percentages of the total catch accounted for by the six most 

abundant Carabid species on each category of farm, was calculated (Fig. 5.5.1). This is a 

measure of the extent to which the community is dominated by a small number of ground 

beetle species.

Overall, the diversity of the June ground beetle pitfall trap catch was very similar to that 

of the September catch, but there was a much greater variance amongst the September 

data, particularly on tillage farms. This is because some of the traps contained very large 

numbers of Pterostichus madidus in late August and September. This species alone 

accounted for 50.08% of the catch on tillage REPS farms (47.38% on non-REPS farms) 

in September. Although several hundred individuals were trapped alongside certain 

hedges, much smaller numbers were collected from other hedges, boosting the variance 

of the data. Individual ordination of the distribution of this species showed that it was 

commoner in the field margins alongside higher input crops such as sugar beet and 

wheat. The addition of fertiliser to the soil can increase the abundance of food items for 

birds and predatory invertebrates (Kleijn et al., 2001), benefiting a generalist predator 

such as Pterostichus madidus. By contrast, in June the commonest species on REPS 

tillage farms was Harpalus rufipes, which accounted for 34.9% of the catch, and on non- 

REPS farms Agonum muelleri, accounting for 24.1% of the catch. Harpalus rufipes was 

commonest in the wider field margins. It feeds on the seeds of wild plants living in the 

margins, and has been shown to aggregate in large numbers in suitable sites. Agonum 

muelleri, like Pterostichus madidus, appears to be commoner in higher-input crops.

Amongst the June data the most equitable category was found to be REPS grassland 

farms, on which the commonest six species accounted for an average of 72.3% of the 

catch. This was not significantly different from the non-REPS carabid catch (p=0.96, 2-
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sample t-test). Non-REPS tillage farms had a more equitable catch than REPS, but not 

significantly so (p=0.97).

Amongst the September data, the most equitable category was the non-REPS grassland 

farms, but the REPS and non-REPS averages were almost identical (76.2% and 76.1%) 

and the level of significance reflects this (p=0.999). REPS tillage farms were the least 

balanced, with the six commonest species accounting for 86.3% of the catch, but this did 

not significantly differ from the non-REPS total (p=0.93).
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June Sept

Figure 5.5.1: The average abundances of the six most abundant carabid species 

expressed as percentages of the total catch.
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5.6. Carabidae as an indicator of plant diversity

The capacity of the two surveyed taxa, Carabidae and plants, to predict the pattern of 

diversity in each other was assessed. Duelli and Obrist (1998) found that Carabidae 

showed a weak correlation with the diversity of other surveyed groups, and furthermore 

they concluded that correlations were higher for those collected from flight traps than 

those collected from pitfall traps. Using Duelli and Obrist’s method (i.e. plotting the total 

number of organisms against the number of species in each taxonomic group), the 

Carabidae show a correlation of R^=0.58, which is higher than Duelli and O brists’s 

R‘=0.311 for this taxon. However, this method has the problem that each taxon is being 

partly ‘correlated with itse lf . It is probable that a better approach to assessing the 

correlation between the two groups surveyed in this study would be to simply regress the 

richness of one against the other. According to this approach (Fig. 5.6.1), the level of 

correlation is extremely low, with values of 0.073 on grassland and 0.004 on tillage. 

Plant species richness is a poor surrogate for Carabidae species richness. It is expected 

that the correlation coefficient would be higher for herbivorous groups that have a 

specialised association with plant species during their life cycles.
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Figure 5,6.1: The correlation between Carabidae diversity and plant diversity in 60 

surveyed grassland field margins (A) and 58 surveyed tiUage field margins (B).
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5.7. Carabidae Results: Conclusions

In Section 4.6 it was explained that although the flora data were of little botanical 

interest, they were useful in providing a comparison between the two sets of farms. The 

opposite is true of the Carabidae data. The results of this part of the survey were of 

considerable ecological and entomological interest, but provided little in the way of 

useful REPS/non-REPS comparison.

A total of 59 Carabidae species was recorded (including morphotypes within the genera 

Bembidion m dAm ara). Forty-six species were recorded on grassland during 1999, and 

51 species were recorded on tillage farmland during 2000. A non-REPS farm in Wexford 

had the highest recorded number of carabid species, with 30 recorded. The most species- 

poor farm was a non-REPS farm in Offaly, from which 12 carabid species were recorded. 

Species accumulation curves were calculated in order to assess the adequacy of sampling. 

Judging from the degree to which the curves levelled off, it was concluded that sampling 

intensity was adequate.

An average of 19.4±6.1 and 18±3.4 Carabidae species were found on REPS and non- 

REPS grassland field margins, respectively, a difference which is not significant (2- 

sample t-test, p=0.44). Overall totals of 40 carabid species were recorded from REPS 

grassland farms and 38 from non-REPS grassland farms, with 32 species common to both 

groups.

The most important factor explaining variation observed in the beetle presence/absence 

data in grassland sites was the age of the hedge. In the beetle abundance data, the most 

significant factor was found to be the gappiness of the hedge, with number of tree species 

in the hedge also having an important influence. Management factors such as the level of 

inputs received by the field were less important than these factors that are independent of 

recent management. The pattern suggested that higher species numbers were associated
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with older hedges and taller hedges. More gappy hedges appeared to be associated with 

fewer species and lower abundances. Tall lush vegetation in fenced-off margins and on 

silage fields was associated with higher abundances.

The large, flightless species Cychrus caraboides, a specialised snail-feeder that is 

associated with woodland habitats and hedges, was recorded from 3 REPS and 1 non- 

REPS field margin. Pterostichus anthracinus is associated with unimproved grassland of 

low pH, and it was recorded from 2 REPS and 2 non-REPS farms.

The widths of surveyed REPS tillage field margins (mean 181cm) were significantly 

wider than those of surveyed non-REPS tillage field margins (mean 145cm) (p<0.001). 

The wider REPS margins did not harbour more carabid species (21.6±4.5 compared to 

21.4±4.1 in non-REPS margins), but they did harbour larger abundances, although 

differences were not significant. Nevertheless, it is an encouraging sign that wider tillage 

margins are providing a very real benefit by harbouring predators of crop pests. As 

discussed in Section 2.2.3, past research has shown that reductions in the abundance of 

polyphagous predators can cause pest numbers to rise above recommended spraying 

thresholds (Wratten, 1988). Overall, the carabid fauna on tillage farmland was found to 

be remarkably standard: a total of 44 carabid species were recorded from REPS margins 

and 48 from non-REPS margins, with 41 common to both groups.

Ordination analysis showed that the most important variables in determining the species 

composition of surveyed sites were the age of the hedge, the width of the margins and the 

input level of the crop. The most important factor explaining variation in beetle 

abundance was ‘sequence’, which is the variation between sites that is not accounted for 

by other management factors and environmental variables. Hedge age, aspect and the 

width of the field margin also had an important influence on beetle abundance, 

particularly for certain species such as Harpalus rufipes.

The consistent emergence of hedge age as an influential factor influencing the carabid 

community in field margins is a particularly important point because it was found that
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most of the hedges in the oldest age bracket (over 200 years old) were non-REPS hedges. 

Even in locations where hedges have been removed to facilitate field enlargement and 

intensification, it would be expected that remaining hedges would have the same age 

profile as before. An explanation for the preferential removal of older or younger hedges 

cannot be found. It may be that this pattern in hedge age is simply due to chance, since 

only a small number were found to be in the oldest age bracket.

Although not targeted for sampling, shrews fell into a number of the traps and their 

presence was recorded. It was noticed as a result of the TW INSPAN ordination that 

shrews were commoner in REPS field margins on both grassland and tillage farms. They 

were found to be statistically commoner at the 5% level in tillage field margins (2-taiIed 

Man-Whitney test, p=0.035) and commoner but not significantly so on grassland farms 

(p=0.261). This serendipitous finding is of interest because it may indicate that the 

(albeit not statistically significant) higher beetle abundances in REPS margins are a 

beneficial resource for small mammals higher up the food chain.
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Chapter 6

Recommendations for improvements to REPS measures and 

guidelines for future monitoring

6.1. Introduction

One of the objectives of this research is to make specific, practical recommendations for 

ways in which the REPS could be improved with regard to the protection and 

maintenance of agri-biodiversity. When the scheme was first devised one of its stated 

objectives was ‘to protect wildlife habitats and endangered species of flora and fauna’, 

but throughout the schem e’s specifications the overwhelming emphasis is on water 

pollution reduction and extensification, and the word ‘bio-diversity’ appears only once in 

the REPS handbook. The scheme has been revised a number of times since its inception 

in 1994 and recommendations for improvements and changes to the scheme have been 

made by the Heritage Council and Earthwatch among others. However, the substantive 

elements of the much-hyped REPS II differ little from the original scheme.

The first part of this chapter contains some specific recommendations for a number of 

changes to the REPS, the need for which has become apparent during the course of this 

research. The second part of the chapter comprises an outline of the key elements of a 

long-term strategy for the monitoring and evaluation of the impact of agri-environment 

schemes such as the REPS on wild flora and fauna on farmland. Such a strategy 

incorporates the selection of indicator groups and species the collection of baseline data 

and the monitoring of biodiversity.

Two case-studies of the monitoring of agri-environment schemes, in the Netherlands and 

in the UK, are discussed to illustrate monitoring methods and to highlight some of the 

problems that are encountered in agri-environment scheme assessment.
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It is necessary at the outset to point out two changes of over-arching importance that are 

necessary if the REPS is to move towards fulfilHng its potential as a successful agri- 

environment scheme. The first point is that, as explained in Section 1.4, the REPS is a 

classic ‘broad and shallow’ scheme (Fay, 1998; Bignal and Baldock, 2002). As such, it 

comprises measures which are designed to be sufficiently flexible to be tailored for a 

wide range of conditions around the country. Therefore, the pivotal element to the 

success of the scheme is the actual tailoring, i.e. the drawing up of the farm plan and the 

building up of a relationship with the farmer so that the plan can be fully explained, its 

logic taken on board, and of course implemented. The job  of the planner is absolutely 

central to the success or failure of a scheme such as the REPS. This has been pointed out 

on several occasions by organisations including the Heritage Council and Earthwatch 

(Hickie e t a i ,  1999; Hurley, 1999).

The second crucial point is that clear objectives and verifiable targets need to be set. 

What exactly is each REPS measure intended to achieve? The need for specific aims 

cannot be overstated because they facilitate effective scheme design and objective-led 

monitoring, the results of which can then feed back into improved scheme design.

Having said this, the dangers of targeting measures towards only one objective, such as 

the conservation of certain bird species, should be highlighted. Focusing on one 

objective or one taxon to the exclusion of all others leads to a dangerously simplified 

approach which can be damaging to the system, and examples of such damage are 

described in Kleijn et al. (2001) and Bignal and Baldock (2002).

Two other general issues that need to be considered are the relationship between REPS 

and Good Farming Practice (GFP), and the roles of heterogeneity and scale effects.
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6.1.1. REPS and Good Farming Practice (GFP)

Agri-environment scheme payments are made on the basis that farmers should be 

compensated for environmentally-orientated changes in agricultural management that 

exceed Good Farming Practice (GFP), combined with an incentive element. In Ireland, 

Good Farming Practice is defined according to existing laws that affect farm 

management. The code of Good Agricultural Practice for the prevention of nitrate 

pollution (Dept, of Agriculture, Food and Fisheries and the Dept, of the Environment, 

1996) is similar to anti-water-pollution specifications within the REPS. At the time of 

writing there is a significant amount of overlap, although the REPS is more demanding 

regarding permitted slurry spreading times. However, forthcoming Nitrate Vulnerable 

Zone (NVZ) regulations will increase the stringency of Ireland’s water protection laws.

The Code of Good Farming Practice (Dept, of Agriculture, Food and Rural Development, 

2001) incorporates most of the topics covered by REPS measures, including the 

protection of archaeological sites. Included are the legal requirements that exist with 

regard to water pollution (national legislation arising from the EU W ater Framework 

Directive), hedge cutting (the amended Wildlife Bill), and farm plastics disposal (the 

Litter Act). It is interesting that the protection of archaeological sites on farms is actually 

a legal requirement, because it is not in fact a compulsory element of EU agri

environment schemes. Overall, increased stringency of environmental laws that impinge 

on agricultural management is having the effect that GFP is encroaching on agri- 

environmental measures. The provision for cross-compliance under Article 3 of the 

Common Rules Regulation 1259/99 allows for direct support payments to be conditional 

on the maintenance of verifiable standards of GFP. With the introduction of cross

compliance, the need to distinguish GFP from the requirements of the REPS very clearly 

has become crucial to the validity of the scheme. There is a need to make explicit the 

ways in which the scheme exceeds the code of GFP.

In conjunction with this, the precise role that the REPS should play alongside GFP needs 

to be evaluated carefully. It would appear that its current focus on pollution prevention

266



and nature value maintenance is a role that may already be fulfilled by widespread 

adoption of the code of GFP. If the REPS moves more towards environmental 

rehabilitation and enhancement of intensively-managed farmland that has become 

species-poor and is currently of low nature value, can it also fulfil the quite different task 

of maintaining high nature value areas such as the Burren? The Burren is currently 

catered for under the aegis of a Supplementary Measure, when in fact an Environmentally 

Sensitive Area-type designation may well be more appropriate to the particular 

conditions and challenges faced there, rather than just making it a special case within the 

REPS.

Environmental considerations in Irish agriculture, then, should ideally have three levels, 

which can be characterised as moving from the ‘broad and shallow’ to the ‘narrow and 

deep’:

1. Good Agricultural Practice, which must be achieved by most farmers across the 

country.

2. The REPS, for which most farmland is eligible and which seeks to enhance the nature 

value of relatively intensively-managed farmland.

3. Regional ESA-type management plans for particularly valuable areas which face a 

certain set of management challenges.

6.1.2. Heterogeneity and scale effects

Instead of enhancing diversity, overly prescriptive measures ‘can conspire to homogenise 

it’ (Bignal and Baldock, 2002). Heterogeneity is a key element in the encouragement of 

a diverse flora and fauna. In terms of practical farm management, maintaining a 

heterogeneous range of habitat types on the farm is simply a question of avoiding 

uniformity. For example:
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• Keeping hedgerows at a range of different heights, rather than aiming for uniformity, 

and cutting them at different times;

• Leaving some of the smaller drains unfenced rather than fencing off all wet areas on

the farm (see below for further discussion of watercourse fencing);

• Not topping all field margins at the same time during the summer so that there is 

continuous availability of wild flowers for bees, butterflies and hoverflies.

When evaluating the effects on flora and fauna of a scheme such as the REPS, 

consideration should be given to the scale at which different organisms experience these 

effects. Highly mobile vertebrates such as birds often respond at a landscape level to 

changes in agricultural management. One single REPS farm on which bird-friendly 

hedgerow management practices are being implemented, would be of little benefit if 

surrounded by a ‘sea’ of non-REPS farms where all hedges are not thus managed. A 

suitable nesting or feeding site can be rejected if it is surrounded by unsuitable habitat. 

The co-ordinated entry by a group of farms into the scheme is necessary to overcome 

this. It also may be important in tackling water pollution problems in certain areas. On 

the other hand, individual REPS farm ‘islands’ in a ‘sea’ of non-REPS farms can benefit 

species which are either less mobile, such as flightless carabid species, or are mobile but 

do not exercise choice on the basis of suitable patch size or surrounding habitat quality, 

such as plant species with wind-dispersed seeds.

These general recommendations are not dealt with in more detail here. Rather it is the 

specific issue of biodiversity maintenance and enhancement that is examined. It is hoped 

that the recommendations that arise from this research and which are discussed in Part I 

of this chapter will be utilised in future improvements to the scheme.

Part 2 of the chapter focuses on the need to develop a methodology for baseline data 

collection, a point which is a recurring theme in this research because it is a prerequisite 

for adequate monitoring and assessment of the impact of the REPS on biodiversity. 

Consideration is given here to the role of indicators in the assessment of the scheme’s
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impact. The theme of agri-biodiversity indicators is becoming more important as 

recognition increases of the usefulness of targeting certain carefully selected taxa during 

monitoring.

6.2. Recommended changes to REPS measures

The following are five areas of improvement for which the need has emerged over the 

course of the research. Most are specific management-orientated changes that have 

arisen from fieldwork, observations of the effects of REPS measures on farms and 

discussions with farmers.

6.2.1. Field margin input reduction

It can be quite difficult to prevent all of every input from drifting into the field margins 

and hedgerows. A concerted effort is often necessary, but two simple measures can help 

to achieve the objective. First, when applying sprays, the outer nozzle of the sprayer can 

be turned or twisted down while the farmer is doing the outer perimeter of the field. As 

the rest of the field further away from the hedgerow is being sprayed, the outer nozzle 

can be righted again. Secondly, the simple avoidance of spraying during windy days 

would considerably reduce drift into hedgerows. Thirdly, especially with regard to 

fertiliser spinners and slurry sprayers where it is less straightforward to ‘turn off’ one half 

of the applicator, there is no substitute for giving field margins a very wide berth. This 

may seem very obvious but research discussed in Section 2.4.4 suggests that small 

amounts of chemical drift can have a substantial effect on the boundary flora. Many 

grassland farmers met during the course of this research were genuinely unaware that the 

REPS requires elimination of all inputs in all field margins, and not just in tillage field 

margins. Some said that they would have been fulfilling the requirements of the measure
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anyway because inputs that make their way into the boundary area are ‘wasted’, meaning 

that drift is something to be avoided in any case for economic reasons.

6.2.2. Field margin flora restoration and the introduction of wider 

headlands

The current 1.5m field margins width is simply too narrow for many of the more 

imaginative field margin restoration options that are possible in wider margins. Even so, 

the 1.5m is already considered too wide by many REPS tillage farmers who see this strip 

as nothing more than a ‘weed reservoir’. Indeed, on the basis of this research, the slight 

increase in width observed on REPS farms has not in itself solved pre-existing weed 

problems. There is a need to find ways of accelerating the natural succession from 

disturbed, species-poor ruderal flora to stable, non-invasive, perennial, more species-rich 

flora. On grassland farms a similar situation applies: 1.5m is too narrow for the current 

REPS field margin measures to have a meaningful impact on the field margin flora, and 

in any case these measures are very similar to non-REPS management. A number of 

recommendations for the improved management of field margins for plant and 

invertebrate diversity on REPS farms suggest themselves. These are discussed in the 

following two subsections.

The first recommendation is of particular relevance to Measure 6 ( ‘Cease using 

herbicides, pesticides and fertilisers in and around hedgerows, ponds and stream s’), 

which sets 1.5m as a lower limit for the margin area to be protected (Section 1.4.1 and 

Chapter 4). It is also relevant to Measure 9, which relates to tillage crop management, 

and which sets 1.5m as a lower limit for the margin area to be left uncultivated and 

unsprayed (Sections 1.4.1 and 4.3).
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Grassland farms

On grassland, the single management factor most damaging to plant diversity is fertiliser 

application. It is recommended that on all grassland REPS farms, the area at least three 

metres from the hedgerow should be kept input-free. In particular, the planner and the 

farmer should discuss the need to eliminate slurry and chemical fertiliser application in 

this area. Farmers see the sense in avoiding hedgerows because productivity drops off 

nearer the hedge in any case, and it is a question of extending that a little further out. 

However, one of the critical problems that needs to be overcome is the spreading 

practices of contractors. A farmer who conscientiously avoids field margins in the 

spreading operations over which he/she has control, may have these efforts reversed by 

the contractor who is brought in to empty the slurry tank, spreading the slurry on the land 

without avoiding field margins. Grazing and topping of vegetation as usual should be 

maintained within this three-metre field margin area. This is important for the lowering 

of nutrient levels in the margins.

Where the field margin flora is impoverished to the extent that it is dominated by species 

such as Cirsium arvense, Rwnex obtusifolius, Urtica dioica or Heracleum sphondylium, 

input elimination and the cropping of the vegetation may not be adequate and it may be 

worth considering reseeding the strip altogether. There are a number of options here.

1. Firstly, the strip could be reseeded with a crop of perennial grass seeds, preferably 

rich in Dactylis glomerata and Arrhenat he rum elatius and of local provenance.

These two tussock-forming grasses are of great value to invertebrates (Stoate and 

Boatman, 2002). During the two years following planting, the plants should be 

cropped to encourage tillering out of the grasses, i.e. cutting the main tillers to 

encourage outward growth, accelerating the rate at which they spread out to cover the 

ground and thus exclude less desirable species in the community.

2. The second option is simply to reseed with Italian ryegrass {Lolium perenne). 

Although this species does not increase the habitat value of the field margins, it is a
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rapidly-growing perennial that prevents annual grasses and weedy forbs from readily 

coming into the community. Other perennials will be able to enter the community 

over time. The Lolium  is effectively being used as a nurse crop. It should be cropped 

for the first two years to encourage tillering out, and also to accelerate the removal of 

nutrients (particularly nitrogen) from the field margin soil (Hofmann and Isselstein, 

2002). Lolium perenne is a particularly high-N-demanding species, and cropping 

without nitrogen addition is an effective way of ‘bleeding’ the soil of excess nutrient 

levels.

3. Constraints on the enhancement of the plant diversity of sites targeted for restoration 

include high soil fertility and the presence of undesirable species in the soil seed 

bank. It is thought that the primary constraint is the availability of propagules from 

which new populations can be established (M ortimer et a l ,  1998). For areas of 

grassland that have been degraded through agricultural intensification (or 

abandonment), the seed bank generally reflects current vegetation and does not 

contain seeds of species that have suffered local extinction (Willems, 1995). The 

proximity of a site to an existing area of species-rich grassland has an important effect 

on the colonization of Ihc site by species characteristic of these habitats (Poschlod et 

al., 1998). One way of introducing species-rich grassland plants to the site is to 

spread hay taken from existing areas of the target vegetation type, an approach which 

is being pursued in the UK. This approach uses local genotypes and can include 

species for which seed is very difficult to obtain commercially. Research suggests 

that it is an effective way of overcoming the dispersal barrier (M ortimer et al., 2002).

4. At the time of writing, Walsh Fellowship research is being undertaken on grassland 

field margin restoration, including the possibility of removing areas of nutrient-rich 

topsoil (Sheridan, H., pers. comm.).
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Tillage farms

The ecology of tillage margins is quite different to that of grassland field margins, so 

while the questions can be the same, the management solutions can be quite different.

Key differences between tillage margins and grassland field margins are the absence of 

grazing pressure in the former, and the fact that tillage margins are subjected to a much 

greater level of disturbance where ploughing has encroached into the margins in the 

recent past.

The introduction of ‘conservation headlandsV’beetle banks’, wide fallow strips that run 

through tillage fields or alongside hedgerows, would be of benefit both in providing 

larger areas of habitat for grassland flora and fauna, and also for harbouring larger 

numbers of predatory, crop-pest eating invertebrates such as ground beetles. The 

provision of pesticide-free refuges such as these can buffer the negative consequences of 

insecticide application on carabids in adjacent fields. Diversifying agro-ecosystems with 

such refuge habitats may be a viable strategy for maintaining carabid populations in 

disturbed agricultural landscapes to keep pests below outbreak levels (Lee et a l ,  2001). 

The sowing of tussock-forming grass species such as Dactylis glomerata and Holcus 

lanatus in particular can harbour large numbers of predatory individuals (Wratten and 

Powell, 1991), and where these banks traverse large cereal fields they also have the 

potential to permit colonisation of the fields in spring by the more poorly-dispersing 

predator species. The addition of straw bales to the sterile strip adjacent to a field 

boundary can create favourable microclimate refuges for overwintering predators 

(W ratten, 1988). Some work has also been done on the species of flowers in field 

boundaries which provide useful sources of pollen and nectar for the adults of aphid- 

specific predators such as hoverflies and ladybirds. The larger width of these headlands -  

less dominated by edge effects as the regular 1.5m field margins -  would give greater 

scope for the development of a stable, perennial flora that is not dominated by aggressive 

ruderal species. This measure is an element of the Countryside Stewardship Scheme in 

Britain, where some fields on tillage land have intact uncultivated 5m margins alongside 

one edge of selected fields.
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Where the vegetation has been impoverished to an extent that reseeding is necessary, the 

reseeding options above for grassland field margins can be applied. The principal 

difference is that tillage margins are not (usually) grazed or topped. This is an important 

element of field margin flora restoration because of its effects on nutrient reduction. In 

tillage margins, consideration must be given to ways in which vegetation can be cropped 

and removed to achieve this within the system. Introducing sheep into the field after 

harvesting to graze the margins is one possibility. Topping the vegetation with a hedge- 

trimmer is another option but cut material should not be left in the margin area or the 

nutrients will simply be returned to the soil.

6.2.3. Fencing

McAdam et al. (1994a) pointed out that if wildlife is to be conserved in field margins, 

protection from intensive grazing and fertiliser application is necessary. Fencing is 

recommended as a useful protective measure in this regard. However, on soils which are 

already enriched by fertiliser application over the years, as is the case on many of the 

farms surveyed during this study, fencing off has a greater potential to bring about a 

reduction in field margin species diversity as species such as Lolium perenne take over 

when released from grazing pressure. A further effect of a cessation of close grazing is to 

marked change in microclimate, potentially influencing carabid communities (Bell et a l, 

1996), although clear associations in this regard were not detected in the present study.

In ordination analysis of surveyed grassland field margins, the fence distance gradient 

correlated with lower plant diversity. Amongst surveyed watercourses, a comparison of 

fenced and unfenced margins both within and outside the scheme revealed the lower 

species richness in fenced margins. Figures 6.2.1 and 6.2.2 show the relationship 

between fence distance and plant species diversity on surveyed field margins and 

watercourse margins. These findings correspond with research discussed in Section 2.2.5
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which concluded that grazing and cutting are important factors in the maintenance of 

plant and invertebrate diversity, both in field margins and alongside watercourses.

McAdam et al. (1994a) felt that there is little advantage in wildlife terms to be gained 

from fencing further out than approximately Im from the hedge base, and that since 

every hedge and field margin has an individual historical and management background, 

the impact of fencing will vary. The results of this study endorse both of these points: 

fencing should not be imposed wholesale, but the need to do so should be judged on a 

case-by-case basis, and then not more than Im from the hedge. The same applies to 

watercourses, although the wider 1.5m margin should apply where larger watercourses 

requiring careful protection from livestock are concerned.
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Figure 6.2.1: The relationship between fence distance and plant species diversity in the 

1.5m margin area of field margins on surveyed grassland farms.
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Figure 6.2.2: The relationship between fence distance and plant species diversity in the 

1.5m margin area of watercourse margins on surveyed grassland farms.
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It is concluded that not all watercourses on REPS farms need to be fenced off. There 

should not be an obligation to fence every area that is wet for more than nine months of 

the year, and the fencing requirements of each waterbody on the farm should be 

appraised on an individual basis. Universal fencing is not necessary from the point of 

view of pollution reduction, and would be likely to incur a loss of plant species, 

particularly those low-growing species which depend on the continuation of grazing to 

retain their place in the community. Larger waterbodies do require fencing, but problems 

arise with drains and small streams only where the stocking density is high and the 

ground is poached and waterlogged. These conditions are unlikely to arise on REPS 

farms because stocking densities are limited in the scheme, stock are generally wintered 

indoors and feeding rings are carefully sited on high ground and are moved frequently in 

order to prevent damage to one particular area. Plate 6 depicts a case of bad practice in 

the extreme.

6.2.4. Farmyard manure (FYM) and slatted units

The REPS is encouraging the near-universal installation of slatted units and slurry tanks 

on farms with livestock. This is appropriate for some farmers who have large numbers of 

stock with a significant pollution potential, and for whom the workload associated with 

straw bedding is no longer practical. However, farmers with smaller numbers of stock 

who wish to retain straw bedding rather than install a tank should be encouraged to do so. 

As discussed in Section 2.2.4, FYM has a number of important advantages. It releases 

nitrogen more slowly than slurry, and it has a far smaller capacity to pollute soil and 

water. It has also been shown to be better for input-sensitive plants (Jones and Haggar, 

1997). The traditional dungheap, when carefully sited on high ground away from 

watercourses and waterlogged areas, is a very rich resource for invertebrates. There is 

also a question regarding animal welfare in slatted units. One of the non-REPS farmers 

met during the survey explained that he had a number of reservations about being obliged
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to install a slatted unit so that cattle could be overwintered exclusively indoors. Straw 

bedding is both safer and more comfortable for the cattle than the concrete floor. The 

animals are reluctant to lie down on the concrete, and they sometimes slip and cause 

themselves injury. Overall, the accompanying discomfort and stress can not just increase 

vulnerability to disease, but also affect the quality of the beef.

6.2.5. Moving from maintenance towards enhancement

On most farms enhancement, and not merely maintenance, should be the aim of the 

REPS. Until now, the REPS has primarily focused on reducing pollution and on 

maintaining the nature value of farmland. However, as a widespread, general scheme, it 

has targeted farmland that is not of particularly high nature value. The generality of 

farms in the REPS do not contain listed habitats or SACs or endangered species. For 

those that do there is the Conservation of Natural Heritage Supplementary Measure and 

to some extent Measure 4, the ‘habitats measure’. A clear distinction should be made 

between areas where maintenance of valuable agri-biodiversity and associated 

management practices is the objective, and more intensively-managed, species-poor areas 

where pollution prevention and certain enhancement and rehabilitation measures would 

be more appropriate (i.e. the majority of REPS farms).
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6.3. Devising a protocol for long-term monitoring and evaluation of agri

environment schemes such as the REPS

There are three components to the development of a long-term strategy for the 

monitoring of the impact of REPS and other agri-environment schemes on wild flora and 

fauna on farmland. They can be summarised as:

1. The selection of indicator groups and indicator species. At the outset, groups need to 

be selected for monitoring, and later species which are indicative of the presence 

and/or state of certain target habitats and species assemblages can be identified using 

tools such as Two-W ay Indicator Species Analysis (TWINSPAN);

2. The putting together of guidelines and a protocol for the collection of baseline data;

3. The devising of a protocol for the monitoring of biodiversity.

Each of these three components is discussed, and solutions to some of the practical 

problems raised by each are described. The subject of indicator selection for the 

monitoring of wild agri-biodiversity is discussed in Feehan (2001).

6.3.1. Introduction: the importance of monitoring

M onitoring differs from surveying in that it is dependent on repeated observations, 

observing progress over time. A survey is a once-off observation that does not 

incorporate this time component. Therefore, monitoring must always be based on fixed 

units to allow comparisons over time (Critchley, 1997). Monitoring is important for 

several reasons, including the following (Treweek, 1999; Spellerberg, 1995):
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• If sustainable development and the safeguarding of the w orld’s living resources are to 

be realistic objectives, change in those living resources needs to be monitored as a 

basis for developing effective sustainable development strategies.

• Without monitoring changes in natural communities, in the status of species and 

habitats, there is little on which to base good policies and practices. In evaluation and 

refinement of a policy or scheme there is no substitute for a system of ongoing 

monitoring, with baseline data to provide a basis for comparison.

• The quality of water, air and soil can be monitored using indicator species and 

indicator communities far more successfully than by chemical monitoring alone.

• Long-term ecological studies are rarely conducted, and biological monitoring 

programmes have an important role to play in developing understanding of natural 

long-term processes of ecosystems, and in providing essential baseline data.

Although the REPS has been subject to several once-off, small-scale surveys examining 

aspects of its ecological impact, there is no system of ongoing monitoring in place. 

Furthermore, there is a failure to define specific targets. W ithout targets and quantified 

objectives it is difficult to relate the results of evaluation back to the scheme. There is 

concern that the failure of most EU M ember States to define performance targets for their 

agri-environmental schemes may mean that performance against objectives will not be 

properly assessed (Fay, F., pers. comm; Hamell, M., pers. comm.) The REPS and its 

sister programmes elsewhere are innovative schemes which will need to be appraised and 

modified if they are to realise their full potential (Hamell, 1999). M onitoring and the 

definition of quantified targets are fundamental to effective appraisal. Agri-environment 

schemes must justify the large expenditure on them and benefits yielded must be self- 

evident and quantifiable, or their future becomes uncertain.

In contrast with the UK, which has a highly advanced monitoring infrastructure in the 

form of for example the Countryside Survey 2000, the Breeding Birds Survey and the 

Butterfly Monitoring Scheme, Ireland’s nature monitoring infrastructure is relatively 

undeveloped. Ireland does not as yet have the resources in place for large-scale
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ecological monitoring. However, this is changing with the development of for example 

the Irish Hedge Survey (Murray, H., pers. comm.). A survey methodology has been 

developed to assess the composition, structure, condition and management of hedgerows 

in Ireland, in addition to their variation in relation to age, farm type, landscape character 

and regionality. The methodology has been designed so as to be compatible with and 

comparable to the U K ’s Countryside Survey 2000 and HEGS (hedge evaluation and 

grading system) methodologies, and it will be integrated with the ongoing Badger Survey 

and the Countryside Bird Survey.

6.3.2. The selection of indicator taxa: the need for an objective and 

transparent approach to indicator selection

The species richness of agricultural areas may rank in the order of tens of thousands of 

species. The need to restrict the range of surveyed components has resulted in the 

development of focusing procedures to select suitable ‘valued ecosystem com ponents’ 

(VECs) to provide the focal point for ecological impact assessment. Ideally VECs are 

selected according to criteria that are objective and consistent. VECs encompass habitat 

and ecosystem characteristics as well as individual species of interest.

Numerous taxa have been proposed for measuring habitat quality, or are assumed to 

reflect biodiversity in cultivated areas (Duelli and Obrist, 1998). Wide variation in the 

availability of data, differing stages of scientific research and varying policy priorities 

obstruct the development of a consistent approach to monitoring and indicator selection. 

Amidst patchy availability of data, there is a danger that VECs or ecological indicator 

species may be selected by two processes that rarely rely on scientific criteria (Pearson, 

1994). First, rare taxa often become indicators by default. Public pressure may focus on 

the taxon itself, rather than what it purports to indicate, for example habitat degradation, 

ecosystem decline and species distribution patterns. Second, some taxa have been 

defined as indicators solely because they are well-studied and familiar. Availability of
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taxonomic expertise and methods of inventory and evaluation may determine which 

groups are surveyed. The most sophisticated inventory and evaluation methods have 

been developed by vegetation scientists (Braun-Blanquet and Pavillard, 1930).

An important issue that is often neglected in the selection of groups for monitoring is the 

scale that the indicator group needs to reflect. For example, focusing monitoring efforts 

exclusively on a highly mobile group such as birds reflects the quality of a large, 

landscape-level patch size. For information about the smaller-scale patches at which 

smaller and less mobile species operate, smaller and less mobile taxa need to be included 

in the monitoring effort. Ideally, a range of groups, which reflect the impacts of 

management at a range of scales, should be used.

6.3.3. Key criteria for the selection of indicator taxa

A number of useful criteria that can be used to select objectively useful indicator groups 

are discussed below (Brown, 1991; Pearson, 1994). These criteria are:

1. ‘Surrogate value’: patterns of biodiversity reflected in other related and unrelated taxa

2. Higher taxa broadly distributed geographically and over a breadth of habitat types, 

lower taxa specialised and sensitive to habitat change

3. Well-known and stable taxonomy, well-known natural history

4. Readily surveyed and manipulated

5. Potential economic importance.

Each of these criteria is discussed in turn.
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‘Surrogate value’: patterns of biodiversity reflected in other related and unrelated taxa

Biodiversity per se is all but impossible to measure directly, but correlates make possible 

the indirect quantification of biodiversity.

A taxon which occurs consistently in association with a certain assemblage of species 

(also known as an ‘umbrella species’) can serve as a useful indicator of the health of that 

assemblage. More broadly speaking, true correlates of biodiversity should show a 

statistically significant quantitative correlation with the diversity of other unrelated 

groups, be it on a local, regional or global level. These so-called ‘surrogate taxa’ may 

serve as useful proxies of biodiversity quality (Ohver and Beattie, 1996; Duelli and 

Obrist, 1998; OECD, 1999; Standen, 2000). Many correlates and surrogates have been 

proposed in order to quantify biodiversity in a manner which enables comparisons to be 

made between different locations (Gaston, 1996).

Duelli and Obrist (1998) studied plant and arthropod species in both cultivated and semi

natural areas in a search for surrogate taxa which could expedite future biodiversity 

assessments. They compiled a ‘top twenty’ list of surrogate groups, taking into 

consideration the value of the correlation coefficient and the effort required for sorting 

and identification. For taxonomic groups at various levels from orders to families, the 

species numbers for each location were plotted against the total number of organisms 

recorded at each location. Linear regressions were calculated and tested for their 

correlation coefficient The order Coleoptera displayed the best correlation 

(R^=0.958), as would be expected from the fact that it was the order with the highest 

species number, accounting for 37% of the species recorded. The Heteroptera showed a 

highly significant correladon (R^=0.927), despite its relatively low numbers of species 

and individuals. The Carabidae showed a weak correladon (R^=0.311). Moreover, 

correlations were higher for those data collected from flight traps than those collected 

from pitfall traps. Section 7.3 discusses this test in relation to data collected during the 

present study.
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When effort and yield were factored into this, it was concluded that Heteroptera -  

collected from either flight traps or pitfall traps -  were the best correlate choice. This is 

likely to be due to the trophic variability, and the equitability of species abundance, 

amongst the members of the taxon. The flowering plants were ranked a close second, 

confirming that plants do indeed make an excellent correlate of overall biodiversity, 

primarily because of the comparatively low effort necessary to reach a reasonably good 

correlation. Carabidae did not appear in the ‘top twenty’ list of potential surrogate taxa 

drawn up by Duelli and Obrist on the basis of their research.

Research by Standen (2000) weakens the case for reliance on Heteroptera. An extensive 

study of the invertebrates in an area of grassland in Durham in the UK was conducted. 

Pitfall trapping, D-Vac sampling and swish-net sampling were used, yielding over 14,000 

specimens which comprised in excess of 480 species. Despite the comprehensive nature 

of the sampling, only a small number of Heteroptera were collected, limiting their 

usefulness as an indicator group. It can be concluded from these studies that the 

Heteroptera are a useful and important component of invertebrate diversity surveys, but 

should not be relied upon in isolation because sampling techniques may yield only a 

small number of specimens in some habitats.

Lawton et al. (1998) conducted a taxonomically diverse inventory of an area of the 

Mbalmayo forest reserve in Cameroon. Birds, butterflies, flying beetles, canopy beetles, 

canopy ants, leaf-litter ants, termites and soil nematodes were surveyed across a gradient 

from old-growth forest to complete clearance. Species richness generally declined with 

increasing disturbance, and no one group served as a good indicator taxon for changes in 

the species richness of other groups.

Oliver and Beattie (1996) studied ants, beetles and spiders in Australian forests in an 

attempt to identify more rapid and accurate methods of assessing epigaeic arthropod 

biodiversity. In particular, times and methods of sampling that would produce estimates 

of diversity representative of more intensive sampling, were sought. No significant 

positive correlations between ant, beetle and spider species richness were found, but there
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was a strong negative correlation between ant and beetle species richness. Carabidae 

species richness was significantly correlated with richness within other beetle families. 

Summer and spring pitfall samples were most representative of more intensive sampling.

Higher taxa broadly distributed geographically and over a breadth o f habitat types, lower 

taxa specialised and sensitive to habitat change

Species which are known to be susceptible to habitat change and which are highly 

responsive to defined impacts may serve as a useful ‘early warning’ for a wider 

community. Comparisons can more readily be made between studies conducted in 

different locations if the higher taxa -  genera, families -  are broadly distributed 

geographically and over a breadth of habitat types (Pearson, 1994).

W ell-known and stable taxonomy, well-known natural history

Taxonomic stability and reliability is a prerequisite for any indicator taxon because 

identification needs to be relatively straightforward, not requiring a high level of 

expertise. Clearly, the natural history of the taxon must be well researched in advance in 

order to maintain a sense of ecological context. Extensive natural history knowledge is 

necessary for the adoption of, for example, the ‘guild indicator’ approach: a considerable 

amount of information is needed to establish the presence of guilds in an area and to 

estimate the significance of differences between guild members. The concept can be 

used only for species that have been well studied and for which detailed autecological 

information is available (Treweek, 1999). Since a guild is a group of species that exploit 

the same class of resources in a similar way, the guild indicator approach can allow the 

assessment of habitat resources as well as species population. For endangered species, 

however, there is a risk that indirect monitoring using a guild indicator or surrogate 

species may jeopardise status, and so such species should be monitored directly.
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Readily surveyed and manipulated

In the event, the most mundane and practical reasons can lead to the selection of a 

particular group for targeted sampling. An otherwise ideal indicator taxon may require a 

highly labour-intensive sampling strategy for which the resources may not be available. 

Butterfly and dragonfly surveys, for example, require many repeated visits to the same 

sites in the same weather conditions. Groups that are sampled using sweep-netting (eg. 

Heteroptera) can be surveyed only when vegetation is dry. Pitfall trapping does not 

present this particular difficulty.

Species selected as indicators should be those for which follow-up monitoring is a 

realistic option. Once-off surveys alone are of little predictive value and do not 

contribute to the overall knowledge base. Selected species need to be readily surveyed in 

a standardised manner on an ongoing basis. The importance of standardising techniques 

cannot be over-emphasised (Stork and Davies, 1996). W here consistent, standardised 

survey methods are used there is considerably more scope for comparative analysis.

Potential economic importance

Evidence that populations of certain species are of economic importance can help to 

convince scientists and politicians that it is worth dedicating local personnel and 

resources to the study of those species. This is particularly the case in developing 

countries where investment in basic science is frequently considered a luxury (Pearson, 

1994).
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In agricultural terms, the economic importance of biodiversity includes the provision of 

ecosystem services such as biological control, pollination and nutrient cycling. In 

selecting indicator taxa for monitoring the effect of agricultural practices on biodiversity, 

it makes sense to include amongst selected indicator taxa, groups that are involved in the 

provision of these services.

Indicator groups used in the monitoring of the effects of agri-environmental policy should 

be easily related to those policies if they are to be of value in improving measures in the 

future. Keeping the focus on groups which provide a very real agricultural and economic 

benefit is one way of retaining this link.

Agri-economic importance: biological control and the importance o f  abundance over 

diversity

Taxa that fulfil important functions in the agro-ecosystem should be included. Carabidae, 

which prey on crop pests such as aphids, are one such taxon. In the future, bees 

(pollinators) and other predatory beetles could also be surveyed. This explicitly makes 

the link between invertebrate diversity and indirect usefulness to farming.

Carabid beetles, spiders and staphylinid beetles are commonly used in assessments of 

habitat quality in cultivated areas but, according to research by Standen (2000) and Duelli 

and Obrist (1998), these groups do not correlate well with local biodiversity. However, 

in agricultural systems, biological control and ecological resilience are often held to be 

more important than biodiversity per se. In enhancing antagonists of agricultural pests, 

the objective is to enhance overall abundance, rather than to focus on increasing species 

numbers. Therefore, predator abundance in itself provides an indication of the level of 

pest control provided by the wild invertebrates in the agro-ecosystem. W here these 

groups are concerned, abundance is more important than it is for other groups amongst 

which species diversity is more significant. The diversity indices and summary statistics 

used to convey monitoring information need to be changed accordingly to reflect the 

capacity of a taxon to fulfil its function in the agro-ecosystem.
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These taxa need to be targeted using pitfall trapping. In general, the taxa that dominate 

pitfall trap catches are mostly predatory and polyphagous, comprising a far narrower 

trophic spectrum than the contents of, for example, flight traps. Moreover, pitfall trap 

catches tend to depend more on the type of cultivation than on site-specific biodiversity 

(Standen, 2000).

Agri-economic importance: pollinators

Pollinators perform the pollination of both crops and wild flowers on the farm, and they 

include bees, butterflies and hoverflies. The sampling of these groups is more labour- 

intensive than the sampling of cursorial predators, which are caught using pitfall traps. A 

survey of flying insects such as butterflies must be repeated many times for each site in 

order to obtain a comparable value for each area. All identification is done in the field, 

which does not necessitate the time-consuming later identification of material as with 

pitfall trapping. Results are therefore more readily available. On the other hand, 

although the identification of pitfall trap material is generally more time-consuming 

because of the volume of material that the traps collect, it is preserved so that it can be 

identified at any time. This flexibility can be very useful.

Since many adult pollinator species, and in particular their larvae, are associated with 

particular plant species, they can be a useful surrogate of plant diversity. Butterflies and 

bees are an important group also in terms of public recognition and value.

Pollinators are almost certainly responding, in terms of increased abundance and species 

diversity, to the more intact, flower-rich field margins in REPS farms. This should be a 

subject of future monitoring. In a study of the effects of the Dutch agri-environment 

scheme, Kleijn et al. (2001) found that the species richness of hoverflies was higher on 

fields with management agreements than on control fields. The effect was attributed to 

the delayed mowing of the fields in the scheme, which provided a more prolonged food 

supply for the insects.
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Agri-economic importance: microbial diversity and nutrient cycling

It is important to emphasise the link between nutrient cycling and soil microbial diversity. 

The taxonomic and methodological difficulties associated with evaluating it are 

formidable: ‘soil m icrobes’ are an extremely heterogeneous group including several 

phyla, among them nematodes, bacteria, fungi, annelids and arthropods. An assay of 

enzymatic activity in soil can be used as an indicator of soil microbial diversity. This 

straightforward technique avoids the need for taxonomic expertise and identification of 

the taxa comprising soil microbial diversity, and it is a feasible component of monitoring 

and evaluation.

6.4. Guidelines and a protocol for baseline data collection

A  prerequisite to effective monitoring and evaluation is the presence of a basis for 

comparison, a benchmark against which trends can be measured, or an agreed target level 

at which to aim. Without baseline data to provide this basis for comparison, a set of 

monitoring data is merely a list of observations, rather than a tool for policy assessment 

and evaluation. Furthermore, baseline data are an integral element in the development of 

indicators: defining baselines is an important step in calibrating, comparing and 

interpreting indicators of biodiversity (OECD, 2001).

Considerable confusion has arisen over what is meant by ‘baseline’. It is common for a 

baseline to be described on the basis of a one-off survey, which really provides only a 

snapshot of current conditions. Ecosystems are dynamic and it is essential to take 

account of their inherent spatial and temporal variation if any attempts are to be made to 

attribute subsequent changes in ecosystem parameters to specific stresses or actions 

(Treweek, 1999). Many systems have ‘moving baselines’ which may not be 

characterised adequately by a short run of data alone. A true baseline study is necessarily 

based on comprehensive monitoring. Moreover, the baseline must be set according to the 

same methodology that will be employed in subsequent monitoring, necessitating the 

establishment of a standard protocol.
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In Ireland there are no long-term datasets that can be called upon to provide baseline data 

or from which potential indicator species can be selected. Developing baseline data de 

novo is a challenge for Ireland and those other countries with little or no tradition of 

nature monitoring from which to draw. This, however, is accompanied by the advantage 

that the design of effective and appropriate monitoring strategies will not be ‘data led’. 

There will not be the obligation to give undue emphasis to certain groups for the sake of 

continuity and convenience, rather than scientific justification and rigorous evaluation of 

their potential as indicators. For example, birds are frequently picked out to serve as 

indicators primarily because they are such a well-known, thoroughly-monitored group 

rather than for their indicator value per se: their selection is often ‘data led’. In regions 

where there is no such outstandingly well-studied group, other more objective criteria -  

discussed earlier -  can come to the fore in indicator group selection.

6.4.1. Examples of the establishment of baseline data for subsequent 

monitoring

There are several examples of the establishment of standard protocols for monitoring 

certain groups, providing both a baseline data resource and a ready-made ‘infrastructure’ 

that can be deployed in the monitoring of agri-biodiversity. In Northern Ireland the 

Centre for Environmental Data and Recording (CEDaR), established by the Ulster 

Museum in 1995, serves as a local records centre and produces atlases of certain key 

groups. The first such atlas is of ground beetles (Anderson et a l ,  2000). CEDaR is 

responsive to the local conditions and needs of the environmental recording community, 

including the need to monitor the Environmentally Sensitive Areas scheme. Monitoring 

has generated a valuable, detailed database of carabid fauna distributions and populations 

around Northern Ireland. The setting up of a biological records centre is one of the
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objectives of the National Biodiversity Plan (Dept, of Arts, Heritage, Gaeltacht and the 

Islands, 2002), and it is hoped that this Centre will be modelled on the precedent set by 

CEDaR.

Another example of the establishment of a standard monitoring protocol is the 

development by the four Nordic countries of co-ordinated, standardised monitoring 

guidelines for terrestrial species and habitat diversity (From and Soderman, 1997). These 

valuable guidelines cover a wide range of groups, such as lichens, bumblebees and bats, 

as well as those groups such as birds and higher plants which normally receive greatest 

attention. In the UK, the well-established Butterfly Monitoring Scheme and the national 

Breeding Bird Survey have been conducted using consistent methods over long periods 

of time, providing both a valuable baseline for evaluating subsequent changes, and a 

ready-made framework for indicator selection and monitoring.

In relation to obtaining botanical baseline data specifically for the purpose of agri- 

environment scheme monitoring, the ongoing evaluation of the Northern Ireland ESAs 

again provides a very useful example. A baseline biological monitoring programme in 

the West Fermanagh and Erne Lakeland ESA was completed by the Department of 

Agriculture and Rural Development in 1993 to provide baseline data on the plant species 

and invertebrates in target habitats within the ESA (MeAdam et a l ,  1994b). The 

botanical element of this was approached by selecting the range of habitats to be 

surveyed, and then selecting sites on participant and non-participant farms on each of 

those habitats. The habitats surveyed were hay meadows, wet grasslands, limestone, 

unimproved and improved grasslands, heather moorland and woodland. Five permanent 

equidistant 2m^ quadrats were set along a diagonal transect through survey fields. These 

quadrats were marked using pieces of metal tubing which were driven into the ground, so 

that although they were not visible above ground, they could be re-located using a metal 

detector during re-monitoring. Plant species were recorded and their percentage cover 

estimated within a Im^ quadrat, with additional species in the outer 2m^ quadrat also 

being recorded. In subsequent re-monitoring the exact same methods were used on 30- 

60% of the baseline monitoring sites. Fieldwork was done during the same season as the
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baseline surveys. Because the monitoring was done according to the same methodology 

used during baseline data collection, a direct comparison could be made between the two 

sets of data, allowing an effective evaluation of the effects of the scheme. The inclusion 

of non-scheme farms was particularly important in providing a set of ‘control’ data, 

although selecting these farms is fraught with difficulty because, as in this study on the 

REPS, farms entering the scheme are a self-selecting group which have in common 

certain factors that can not easily be factored out of the analysis (Millsopp et a l ,  1997)

6.4.2. Guidelines for establishing ecological baseline data for future REPS 

monitoring

The examples discussed above set a valuable precedent for the approach that should be 

taken in establishing ecological baseline data for future REPS monitoring.

Site selection

In conducting a baseline survey, the first step needs to be the selection of the habitats and 

farming types that will be targeted during monitoring. Sites selected for the baseline 

survey should be stratified according to habitat and farming type, and by REPS 

membership. Selecting equal numbers of REPS and non-REPS farms across the types of 

habitat and management system is a challenge because some non-REPS farms will enter 

the scheme, some REPS farms will leave it, and the two groups will be different in 

certain respects. Nevertheless, every effort should be made to have similar REPS and 

non-REPS farms represented in the baseline survey. The composition of the sites in the 

baseline survey should be representative of the variation amongst REPS farms overall, 

including sites from different regions, reflecting the variation in farming systems within 

the REPS and reflecting variations in farm size and degree of intensity. This will allow 

conclusions from the survey to be relevant to the generality of REPS farms around the
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country. The survey should be as wide-ranging as possible, including as many sites as 

resources allow.

The research described here focused on improved grassland or tillage land where the 

flora and fauna of the main field area were very similar from farm to farm due to 

reseeding, fertiliser addition or cultivation. Therefore, surveying focused on the field 

margins only. A more comprehensive baseline survey would include some farms that 

contain areas of semi-natural grassland, a valuable habitat on which field margin surveys 

alone would not suffice. The botanical survey methods outlined in this research would 

need to be adapted accordingly for such farms.

Taxon selection

The second step is to decide which taxa are to be sampled and to devise a sampling 

methodology for each of these groups. In this research, surveying focused on plants and 

Carabidae. These two groups should be included because surveying techniques for each 

are well-established and straightforward, and because of the useful role that ground 

beetles fulfil in the agri-ecosystem. The rationale behind the selection of these groups 

was summarised in Section 3.1.5.

The same methods employed in this study could be usefully adapted for the collection of 

baseline data on carabids and plants on a wider range of farms around the country, 

although it is recommended that a greater number of traps be set alongside each hedge (a 

minimum of 4 traps set 10m apart, rather than 2 traps as in this study), because of the 

necessity to compensate for loss and breakage. It is also recommended that traps be 

emptied more frequently than every 3 weeks (a period determined by the time taken by 

one person to conduct all fieldwork) as in this study. Very large amounts of material can 

accumulate in a carefully-set glass pitfall trap during a 3-week period, leading to an 

overwhelming identification task. This is due partly to the ‘digging-in’ effect, where the 

catch quantity tails off after an initially very high catch level during which the immediate
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area around the trap is depleted. It is recommended that the traps should be emptied (and 

replaced) during the trapping period, rather than taking everything up at once at the end 

of the trapping period.

In setting pitfall traps the locations should be marked so that the traps can be re-set in the 

same locations during re-monitoring in the future. Likewise, metal tubing can be used to 

make permanent quadrat markers as described above (Millsopp et al., 1997).

This particular study was limited by time and resources, and it was for this reason that 

only two groups were surveyed. A more comprehensive baseline study should include 

other taxa, taking into account the considerations discussed in Section 6.3.3 with regard 

to the selection of indicator groups. At least one other invertebrate group, such as 

Heteroptera (sampled by sweep-netting the field margin vegetation) or Syrphidae (hover- 

flies, pollinators, sampled by sweep-netting from flowers) should also be included. The 

inclusion of one larger vertebrate group such as birds (Feehan et al., in press), which as 

discussed earlier react to ecological change at a different scale to smaller and less mobile 

groups, would contribute to a more comprehensive view of the diversity of each site.

The baseline survey should include a hedgerow survey in order to compare the quality of 

hedge maintenance and regeneration in response to REPS Measure 5. Features such as 

gappiness, success of quick-planting, and diversity of hedge height and form throughout 

the farm (physical variation and habitat heterogeneity throughout the farm maximises the 

opportunities for wildlife) should be assessed.

6.5. Guidelines and a protocol for ongoing monitoring of plant and 

invertebrate diversity on farmland

Effective monitoring of an agri-environment scheme has clear objectives. It is useful to 

ask ‘What do we need the monitoring to tell us? What do we need to be able to say with 

monitoring results?’ In monitoring of flora and fauna what we need to be able to say is
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whether or not the species diversity of participant farms has changed over the course of 

time, and whether or not the changes in species diversity on participant farms have been 

different from changes occurring on non-participant farms. A set of monitoring data may 

show that species diversity is declining on participant farms, but this is put into a 

different context if corresponding data on non-participant farms charts a greater decline 

in species richness. Both sets of data are necessary for correct interpretation of the 

trends. There may also be an overall shift in patterns of diversity which transcends any 

impact that the scheme may be having, and in order to detect such trends it is useful to 

combine all participant and non-participant data for each sampling date.

A carefully-designed baseline survey sets the scene for a high quality of monitoring 

thereafter. The taxa to be monitored and the methods that will be used to monitor them 

have been established. What remains is the selection for re-monitoring of a sample of the 

sites surveyed during the baseline study, again stratified according to farming type, 

habitat type, region and membership of the scheme. In other words, if 40% of the 

baseline study sites were lowland improved grassland, then 40% of the re-monitored 

sample should also be lowland improved grassland. This allows direct comparison of the 

results of the baseline survey with the re-monitoring data. In Northern Ireland ESAs 

approximately 50% of the original number of sites were included in the re-survey with a 

minimum of 25 sites for each habitat monitoring (Millsopp et a l ,  1997).

Data over the course of a number of years are essential if trends are to be correctly 

interpreted. Information about the habitat requirements of surveyed species is also 

essential if the data are to be interpreted correctly. A higher species richness can be 

misleading -  for example, Millsopp et al. (1997) reported that on heath sites on non

participant farms, 18 species were recorded in 1993 but not re-recorded in 1996, but 39 

new species were recorded in 1996. This would appear to be a substantial gain, a positive 

change. However, many of these new species were more indicative of disturbed 

heathland, perhaps in response to higher grazing intensities. They included thistle species 

(Cirsium  spp.), cocksfoot {Dactylis glomerata) and ryegrass {Lolium perenne).
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6.5.1. Case studies of agri-environment scheme monitoring

Two case studies of the monitoring of agri-environment schemes in the Netherlands and 

in the UK, are discussed. These illustrate some of the methods that are used in 

biodiversity monitoring, and they also serve to highlight some of the particular problems 

that are faced in agri-environment scheme monitoring and assessment.

The monitoring o f the Dutch meadow birds agri-environment scheme

Agriculture in the Netherlands underwent rapid modernisation and intensification during 

the 1960s and the 1970s, with the result that public pressure grew for policy instruments 

to redress the balance between agriculture and the environment (de Boer and Reyrink, 

1988). On the basis of a survey of valuable agro-landscapes, the Dutch government 

proposed that some 86,000 hectares of cultivated land should be designated as being 

‘environmentally sensitive’. Conservation of important populations of meadow birds was 

one of the principal priorities. The status of meadow bird populations, and the measures 

taken to protect them, were reviewed by Reyrink (1988). Much of this area required 

development of management plans, which included the following parts (de Boer and 

Reyrink, 1988):

• A description of the wildlife and landscape values that caused the area to be 

designated as environmentally sensitive. Environmental management objectives were 

established accordingly;

• Farm management measures, which were drawn up on the basis of these 

environmental management objectives. Farmers were requested to follow these 

measures;

• The description of a so-called reference area, i.e. an area in the same region with 

similar farm management. The reference area was used as a basis for calculating
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compensation and to ensure that compensation was comparable with the income 

potential of farmers who did not conclude management agreements.

A key objective was to maintain a reasonable balance between the cost of management 

and its effect on environmental values, in order to prevent provisions with very high 

compensation but a relatively minor environmental benefit. Many of these management 

agreements were put into practice in 1981. Following some adjustments, these 

management regulations were subsumed into the Dutch implementation of Article 19 of 

EEC Regulation 797/85, the amendment on national support in ecologically vulnerable 

areas. De Boer and Reyrink (1988) reported that although initally there was much 

resistance and the agreements were viewed as an option for ‘second rate’ farmers, they 

soon became fully accepted and farmers’ attitude to them quickly became matter-of-fact 

or even enthusiastic. After six years, it was found that the size of the meadow bird 

population had at least stabilised.

Kleijn et al. (2001) conducted a study of the impact of the Dutch agri-environment 

scheme on farmland biodiversity. The Dutch scheme has been ongoing since 1981, and it 

is one of the first such schcmes to be put in place in the EU. Plants, birds, hoverflies and 

bees were surveyed on 78 paired fields that either had agri-environment schemes in the 

form of management agreements, or were farmed conventionally. Farms that had been in 

the scheme for at least six years were surveyed. M anagement agreements were not found 

to be effective in protecting the species richness of plants -  either in field margins or field 

centres -  or bird species. Hoverflies and bees showed modest increases in species 

richness in fields in the scheme.

Since 85% of all bees belonged to just three species, little weight can be attached to the 

results that concern this taxon. The May survey contributed significantly to the positive 

results for hoverflies, and Kleijn et al. concluded that the effect could be attributed 

entirely to the delayed mowing of management agreement fields, and the resulting 

prolonged food supply for these generalist flower visitors. Although nitrogen inputs were 

found to be lower on fields in the scheme than fields outside the scheme (106 versus 246
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kg N ha ' y r p  = 0.013), nitrogen deposition rates of 35-55 kg N ha 'y f ’ may still be too 

high to promote the development of more species-rich vegetation or to enable less 

competitive plant species to establish. In addition, even if habitat conditions favour the 

establishment of new plant species, dispersal limitations may be a limiting factor in their 

arrival and establishment (Bakker and Berendse, 1999). These biotic constraints to 

grassland habitat restoration were discussed in Section 2.2.7.

The four most common wader species were observed less frequently on fields with 

management agreements. Kleijn et al. ascribed this to an ‘ecological trap’ effect: 

postponing the first mowing or grazing date leads to a reduced fertiliser input, which may 

adversely affect the abundance of food items for the birds, although this has been 

contradicted elsewhere (Petersen, J-E., pers. comm.). The cues that individuals use to 

select their nesting habitat (i.e. food availability) are thus decoupled from the main factor 

determining reproductive success (namely delayed mowing).

There were a number of important flaws in the research of Kleijn et al. (2001). These 

problems illustrate some of the difficulties inherent in the monitoring of agri-environment 

schemes, and some of the precautions that need to be taken when such schemes are being 

evaluated. Some of these flaws are as follows:

• A point assessment (diachronic) approach has been followed, where different sites are 

compared at one particular point in time. The comparison of a series of monitoring 

data over a period of time is a much more reliable approach.

• The reference level is not adequately defined. Dutch codes of Good Agricultural 

Practice, as well as water protection legislation, already ensure that field margins 

receive little if any fertiliser, manure or pesticides. Therefore, the input levels on the 

field margins may have been more similar than has been reported.

• At least one third of Dutch grassland farmers implement bird protection measures of 

one kind or another on their farms. The study may in effect have been comparing two 

sets of bird protection measures.
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• Stricter nitrogen fertilisation reductions would be needed to promote floral diversity 

(Petersen, J-E, pers. comm.), and six years may be too short a period to expect 

statistically significant effects on sward composition.

• The ecological trap, if indeed there is one, is formed by the intensively managed 

fields that attract birds with their higher food availability, but where breeding birds 

are killed by early mowing dates. The concept is misused by Kleijn et al. (Petersen, 

J.E., pers. comm.).

• The effectiveness of the meadow bird protection measures, i.e. number of fledged 

young, is not measured.

The monitoring o f Environmentallv Sensitive Areas (ESAs) in the United Kingdom

There are 43 Environmentally Sensitive Areas (ESAs) in the UK: 22 in England, 6 in 

Wales, 10 in Scotland and 5 in Northern Ireland. ESAs cover some 15% of the total 

agricultural land area. The scheme can be characterised as ‘narrow and deep’ in that it 

focuses on certain defined high-nature-value areas, unlike ‘broad and shallow’ schemes 

such as Ireland’s REPS or the French grassland extensification scheme. Prime a I ’Herbe. 

Farmers within ESAs may enter into voluntary, 10-year management agreements for 

which they receive annual payments for farming in a way which seeks to maintain and 

enhance the landscape, wildlife and historic or archaeological interest of the area (Swash, 

1997). The first five ESAs were launched in England inl987.

Performance indicators have been defined for the objectives that have been set in each 

ESA. These specify the targets which should be achieved during the five-year period 

following the launch of the ESA, and for the quinquennial reviews thereafter. The 

indicators provide a means of measuring the success of the scheme and a framework for 

its management and evaluation through an associated monitoring programme. 

Performance indicators cover both uptake and environmental impact, and they include the 

following (Swash, 1997):
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1. Overall uptake targets (as a percentage of the eligible land);

2. Targets that relate to agreement land (such as the percentage of a feature that should 

be renovated under agreements);

3. Environmental impact indicators (including the maintenance or enhancement of 

botanical diversity or fauna populations).

An extensive programme of monitoring has been established in order to assess the degree 

to which these indicators are being met and thus the achievement of the objectives of the 

scheme. Since the English ESAs are reviewed every five years, resurveys are timed to 

enable the results of monitoring to be used at each review. In practice therefore, 

grasslands in these ESAs have been resurveyed every three to five years. An analysis of 

the results of the monitoring of the initial tranche of five ESAs was completed in 1996 

(MAFF, 1996). The overall indication was that the wildlife conservation interest of the 

areas was being maintained, whereas it was deteriorating in many areas prior to 

designation.

The botanical monitoring programme is based on estimates of plant species cover in fixed 

quadrats. Critchley (1997) felt that to test the effects of ESA management prescriptions it 

is necessary to obtain comparable samples from both agreement land and non-agreement 

land. In practice this is seldom possible, because uptake in some areas may be so high 

that non-agreement land becomes problematically scarce. Non-agreement land may be 

very different -  for example, in the Pennine Dales most non-agreement land was 

intensively managed grassland in lower altitudes of the ESA, whereas the unimproved 

hay meadows located at higher altitudes were of greater wildlife interest and were also 

more likely to enter agreements (Critchley, 1997). Farms outside the ESA seldom 

provide a suitable comparison, since most of the land of a particular type tends to be 

within the bounds of the designated area.

Where performance indicators relate to a particular type of vegetation, that vegetation 

type must be adequately sampled during monitoring. For example, in the Somerset 

Levels and Moors ESA, species-rich semi-natural grassland was a habitat of particular

300



interest. However, it comprised only 6% of the total area of the ESA, agriculturally 

improved grassland being much more common. In order to achieve an adequate sample 

of unimproved grassland, the sample was stratified by the level of agricultural 

improvement (Critchley, 1997). In the Broads ESA, different areas were subject to 

different tiers of management. In order to compare the changes under these different 

regimes, samples from each tier were surveyed. In the South Wessex Downs ESA, one 

of the aims of monitoring was to detect changes in a defined grassland type throughout 

the entire ESA, irrespective of whether farmland was under agreement. A random 

sample of the areas of the grassland in question was selected and surveyed. Regardless of 

the type of sampling strategy, it was considered essential for the range of variation in the 

sample to be taken into account before analyses were conducted. Some of the samples 

with larger levels of variation were broken down into similar sub-groups which consisted 

of broadly similar vegetation. Different plant community types can show different 

responses to the same management.

Field methods

Monitoring is based on fixed units, which may be a fixed quadrat or a much larger area. 

The observations consist of a complete search of the area if it is small enough to allow 

this, and where it is too large to permit such a census, a sample of non-fixed sub-units is 

searched during each repeated visit. The most widespread method adopted for grassland 

monitoring in ESAs in the UK has been to estimate by eye the cover of species in fixed 

quadrats. In ESAs in Northern Ireland (Cameron et ai, 1997) and in monitoring projects 

initiated prior to 1993 in England and Wales, cover estimates are made on the Domin 

scale in Im by Im fixed quadrats. Each Im by Im quadrat is located centrally in a 2m by 

2m quadrat, where the presence of additional species is also recorded. In these 

monitoring programmes, five quadrats are located along a transect in the surveyed fields. 

Estimating cover by eye is notoriously susceptible to wide variation between different 

observers. This problem is minimised by working in pairs (or simply by making one 

person do all the monitoring!).
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Different species, or the same species under different environmental conditions, can show 

a wide variation in their patterns of distribution and abundance. For example, individual 

ramets of a patch of Cirsium arvense may be sparsely distributed over a large area, 

whereas Cerastium fontanum  seedlings may be densely packed but in small patches. In 

order to maximise the likelihood of detecting changes in the abundance of a wide range 

of species, recording should be done at a range of scales, and in as large a fixed unit as 

possible. A simple solution for recording at a range of scales is to record the presence of 

species in a series of quadrats of increasing size which are nested within each other. An 

approach based on this idea has been developed for vegetation monitoring since 1993 in 

English ESAs. It was described in detail by Critchley (1997). In summary, the botanical 

survey protocol uses a fixed unit, termed a stand, consisting of a rectangular area of 32 

square sub-units in an 8-unit by 4-unit grid. Each holds a series of cells of increasing 

size. In each nest, a species is recorded in the smallest cell in which it occurs. Within a 

monitoring programme, a number of such stands are used, located randomly in surveyed 

fields. The size of the stand is generally a trade-off between being large enough to 

encompass the majority of species present, and small enough to be managed within the 

resources that are available. The most commonly used size in ESA grassland monitoring 

is 8m by 4m. Critchley (1997) concluded that ‘Considering the sensitivity of the 

methods used, one can be confident that there has been no major deterioration in the 

quality of grasslands sampled.’

Focus on one ESA: the West Fermanagh and Erne Lakeland ESA 

The ESA Scheme was introduced by the Department of Agriculture for Northern Ireland 

(DANI) in 1988, and its five ESAs cover 20% of Northern Ireland’s land area. A multi

disciplinary approach has been taken to the monitoring of these ESAs, involving 

biological, landscape, historical and socio-economic monitoring. A biological baseline 

survey of grasslands in the West Fermanagh and Erne Lakeland ESA was completed by 

the Department in 1993 to provide baseline data on the plant species and invertebrates in 

target habitats within the ESA (McAdam et ah, 1994b). The habitats surveyed were hay 

meadows, wet grasslands, limestone, unimproved and improved grasslands, heather
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moorland and woodland. The area was remonitored in 1996 in order to appraise the 

scheme’s effectiveness in maintaining or enhancing flora and faunal diversity.

During the 1996 remonitoring, 30-60% of the baseline monitoring sites were resurveyed. 

To ensure comparability, fieldwork was done during the same season as the 1993 

baseline surveys. For the monitoring of invertebrates, carabid beetles were sampled at 

each site during three four-week periods between April and October 1993. Five pitfall 

traps containing ethylene glycol to prevent the escape and deterioration of specimens 

were used at each location. Polythene containers 20cm deep and 9cm wide were used. 

The traps were placed 20m apart in a line through the centre of each site.

A single ‘diversity index’ was not employed: instead, sites were compared on the basis of 

a combination of species richness, plant species groups, vegetation types and the relative 

proportions of species in each of the plant strategy theory CSR (competitor, stress- 

tolerator, ruderal) groups (Grime et al., 1988). The frequency and distribution of rare and 

threatened invertebrate species were used as ‘performance indicators’. The multivariate 

analysis packages TWINSPAN and DCA were used to describe the data in terms of their 

vegetation types and species groups.

Overall, the management prescriptions of low fertiliser inputs, low density grazing 

regime and late hay cutting dates appeared to have promoted favourable habitat 

conditions for the maintenance and increase in the frequency and abundance of plant 

stress-tolerator species and sensitive carabid beetle indicators (Cameron et a l ,  1997). 

There was a statically significant increase in the plant and invertebrate species diversity 

of heather moorland sites from ESA participant farms, and there was also an increase, 

albeit insignificant, on improved grassland agreement farms. The species diversity of 

non-agreement improved grassland and heather moorland significantly decreased during 

the period. There were indications of reductions on non-agreement land of species 

targeted for conservation, such as some of the stress-tolerator species from habitats on 

non-participant farms, with an increase in more competitive, ruderal grass and weed 

species. This suggests falling diversity on non-agreement farmland.
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It is interesting to note that species diversity on non-agreem ent im proved grassland 

decreased during the period 1993-1996, although the differences betw een participants 

and non-participants were not significant. Im proved grasslands had the low est proportion 

of stress-tolerators of all m onitored habitats, with the proportion significantly decreasing 

on non-participant farm s from  8% to 3%.  This particular finding echoes the botanical 

results obtained during the current study on REPS im proved grassland.

As regards the invertebrate m onitoring, mean num bers o f carabid beetle species on 

participant heather m oorland areas increased significantly, but there were no other 

significant changes in average species richness am ongst the other surveyed habitats. In 

the current REPS study, carabid com m unities sim ilarly did not appear to respond 

significantly to m anagem ent changes. During the baseline m onitoring program m e, 

carabid species were identified as indicators o f different habitats and assem blages using 

the com puter program m e Tw o-W ay Indicator Species A nalysis (TW IN SPA N ) which has 

been used in the current study. Those carabid species identified as indicators during the 

m onitoring program m e’s baseline survey were rem onitored in 1996.
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6.6. Conclusions

With increasingly stringent and agriculturally-relevant environmental legislation, the 

legal requirements that constitute GFP are encroaching on the REPS. Each has an 

important role to play in agri-environment in Ireland, and the need to distinguish clearly 

between these different roles has never been more crucial. The REPS needs to move 

from its current focus on maintenance towards an increased emphasis on enhancement 

and rehabilitation. A clear distinction should be made between areas where maintenance 

is the objective, and more intensively-managed, species-poor areas where pollution 

prevention, enhancement and rehabilitation measures are more appropriate.

There is a clear need amongst grassland farmers in particular for effective communication 

of the rationale behind eliminating inputs in the field margins, and also for practical 

advice on how best to achieve this. It is recommended that on all grassland REPS farms, 

a minimum area of 3m (rather than 1.5m) from the hedgerow should be kept input-free. 

Grazing and topping of vegetation as usual should be maintained within this 3m field 

margin area. A key problem that needs to be tackled is the spreading practices of 

contractors, particularly the spreading of slurry in field margins.

On tillage land, the current 1.5m field margins width is simply too narrow for the 

establishment of a less invasive perennial vegetation. The uncultivated margin area 

should be increased to at least 2m, with a much wider input-free buffer zone to allow for 

drift. The REPS gives absolutely no consideration to the problem of agro-chemical drift, 

despite the fact that there is ample evidence (discussed in Section 2.4.4) of the beneficial 

effects of allowing a buffer zone of approximately 6m to minimise chemicals drifting into 

the margin area, without compromising crop productivity. Restoration options such as 

reseeding would also be possible in wider margins. The introduction of 

‘headlandsV’beetle banks’, wide (5m-6m) fallow strips of tillage land alongside 

hedgerows, would be of benefit both in providing larger areas of habitat for grassland
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flora and fauna, and for harbouring larger numbers of predatory, crop-pest eating 

invertebrates such as ground beetles.

It is not necessary for all watercourses on REPS farms to be fenced off. The results of 

this study have shown that universal fencing of watercourses would be likely to incur a 

loss of plant species, particularly those low-growing species which depend on the 

continuation of grazing management to retain their place in the community.

With regard to the establishment of baseline data, sites for the baseline survey should be 

selected so as to reflect the variation amongst participant farms as a whole. Different 

farming types from different regions of the country, both participant and non-participant, 

will need to be included. It is necessary for the survey to be as comprehensive as 

resources will allow, A range of taxa should be selected for surveying. Plants and 

Carabidae should be included, as described in this study, and one other invertebrate group 

and one vertebrate group such as birds should be added to this. Such a range of groups 

reflects different aspects of the ecology of the habitat at different scales, including 

capacity to provide ‘ecosystem services’ such as nutrient cycling and biological control 

which are of direct importance to the farmer.

In order to conduct effective botanical monitoring, permanent sampling points or 

quadrats should be set in each site by using markers that can be re-located during 

subsequent monitoring. Species lists and abundance information (percentage cover, 

relative abundance of each species) should be compiled for each site, and hedgerow 

management should be assessed. Future monitoring can be compared with this 

information in order to detect changes in the community. So that trends can be 

interpreted correctly, data over the course of a number of years are essential.

Sites to be monitored should be a subset of those surveyed for the baseline assessment, 

again stratified according to farming type, habitat and region so that the results of the re

monitoring are comparable to the results of the baseline survey. Sites should also be 

stratified according to scheme participation. This means that as far as possible, equal
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numbers of participants and non-participants should be included for each of the surveyed 

habitats and farming types. The same groups of flora and fauna are sampled according to 

the same methodology used during the baseline survey.
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Chapter 7

Conclusions and Recommendations

The first objective o f the project was to conduct an evaluation o f those REPS measures 

which aim to benefit agri-biodiversity, assessing the impact that they may be having on 

plant and invertebrate species diversity. The second objective was to propose a longer- 

term methodology for assessment and monitoring o f the impact o f  the REPS on 

biodiversity. Ultimately, it was hoped that useful recommendations for improvements to 

the REPS could be arrived at. This research was undertaken in the context o f a complete 

absence o f ecological baseline data, and with virtually no other Irish agro-ecological 

research available on which to build. As such, this is the first study o f its kind in the 

Republic o f Ireland. Despite this context, it is concluded that the study was successful in 

achieving its objectives.

In Section 7.1, the success of a number of REPS measures in achieving their biodiversity 

objectives is assessed and discussed in turn in the context of the present research. 

Recommendations for changes to each measure are outlined. Leaving aside the 

discussion of specific REPS measures, a number of broader recommendations for the 

future of the scheme are discussed in Section 7.3.

The more general relevance of the research to agri-environment policy and research is 

discussed in Sections 7.3 and 7.4. Finally, the main limitations of the research and some 

recommendations for future research, are considered.
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7 .1. Assessment and discussion of each biodiversity-relevant REPS 

measure

Amongst the compulsory REPS measures, five were selected as having particular 

relevance to the biodiversity of wild flora and fauna on farmland. These measures are as 

follows (Department of Agriculture, Food and Rural Development, 2000):

Measure 3 - Protect and maintain watercourses and wells

Measure 4 - Retain wildlife habitats

Measure 5 - Maintain farm and field boundaries

Measure 6 - Cease using herbicides, pesticides and fertilisers in and around 

hedgerows, ponds and streams 

Measure 9 - Tillage crop production

In the light of this research, the success of each of these measures in maintaining or 

enhancing flora and fauna species diversity is assessed and discussed. Recommendations 

are summarised. Some measures were targeted more directly than others during this 

study, and these receive more attention. All recommendations are discussed in detail in 

Section 6.2.

7.1.1. Measure 3 -  ‘Protect and maintain watercourses and wells’

The principal objective of this measure is to reduce water pollution, but it also states that 

streams and watercourses should be fenced off to protect the flora and allow it to develop.
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Impact summary

The effect of fencing on the watercourse margin flora of surveyed farms was analysed. 

The mean species richness of 11 fenced REPS watercourse margins was 14.7, and that of 

11 unfenced (or with fence less than 50cm from water) non-REPS watercourse margins 

was 16.1 (Fig 4.2.2). A 2-sample t-test concluded that there was no significant difference 

between the two groups (p=0.21 ). In order to factor out the influence of the REPS and 

look only at the effect of fencing on the flora, fenced and unfenced watercourses within 

the scheme or outside the scheme were compared. In both groups, the unfenced margins 

had a higher number of species.

It was concluded that although fencing reduces the proportion of bare ground and almost 

certainly reduces water pollution, it does not benefit plant diversity. Fencing off allows 

more vigorous species to take over, particularly on nutrient-rich soils. Certain species 

such as Filipendula ulmaria do appear to favour the fenced margins where they are 

protected from grazing, but certain low-growing, shade-intolerant species depend on 

grazing pressure to persist in the community. The watercourse margins with the highest 

plant species diversity were unfenced, in fields receiving little chemical inputs. On the 

farms surveyed, these conditions occurred only on non-REPS farms.

It was noted that although farm plans include a general recommendation that the newly 

fenced-off stream or drain should be cleared every few years, in practice this is an 

awkward job that tends to be carried out less frequently than this. The result is the 

clogging-up of the watercourse with the lush vegetation that springs up in the absence of 

grazing pressure. It then does not fulfil its drainage function as efficiently.

Summary of recommendations

It is concluded that this measure should not require the compulsory fencing off of every 

watercourse that is wet for nine months of the year. This is simply not necessary in every
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case. Some of the smaller drains and streams should be left unfenced to allow the 

streamside vegetation to be grazed, keeping the watercourse free-flowing and 

maintaining the flora that persists alongside it. Since the capacity for pollution of a 

watercourse is a function of the volume of water flowing through it, faster-flowing rivers 

and streams should not, as a general rule, be left unfenced. The REPS specifies that 

waterbodies which contain standing water for at least nine months of the year should be 

fenced. This includes drains and small ponds which are dry during the summer and 

which have a low volume of flow during winter. These have a smaller capacity to 

pollute, and they are also the watercourses which would quickly become overgrown and 

blocked up with vegetation in the absence of grazing. It is with regard to these that the 

fencing requirement should be relaxed.

7.1.2. Measure 4 -  ‘Retain wildlife habitats’

This measure is intended to facilitate the retention of habitats listed in the measure, and to 

‘curtail commercial farming practices on these areas in the interests of w ildlife’. The 

effectiveness of this particular measure was not assessed in any detail because very few 

of the surveyed farms had designated habitats on them. Nevertheless, a number of points 

were noted.

It is appreciated that most REPS planners have a very large number of farm plans to 

produce, with the result that they often can not give the level of detailed attention that 

they might wish to each farm. The farm plans examined during this study tended to be 

very general, and the planner’s written input was usually very brief. None of the farm 

plans examined during the course of the research demonstrated the level of ecological 

expertise required, firstly to recognise all of the listed habitats (in particular semi-natural 

grassland), and secondly to recommend a suitable course of action for the future 

management or rehabilitation of the habitat in question.
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A further essential element here is the effective communication of this to the farmer. 

Many farmers would view with some suspicion the designation of a certain area of their 

land as a ‘habitat’ without an accompanying explanation of its value and the rationale 

behind the measure. Otherwise, this has connotations of extra hassle, and of being told 

how to manage their own land. In most cases it is simply a matter of continuing current 

management practices in the knowledge that the REPS payment includes an incentive not 

to change (i.e. to intensify). The importance of discussing every step of this with the 

farmer cannot be overemphasised. Many of the farmers whose farms were surveyed 

during the course of this study asked for lists of all the plants and insects recorded from 

the farm because they are interested in knowing more about the wildlife on their land. 

Farmers get much bad press with regard to environmental issues, and it appears to be the 

case that outside the farming community there is a widespread underestimation of the 

level of interest amongst farmers in wildlife and ecology.

The need for a higher level of expertise among planners is a point that has been discussed 

at length elsewhere (Hickie et a i ,  1999), and it will not be repeated here. Suffice to say 

that the success of a ‘broad and shallow’ scheme such as the REPS stands or falls on the 

success with which the generalised measures are adapted to the particular situation on 

each farm. This is the planner’s job. There are a substantial number of planners who are 

genuinely interested in expanding their agricultural expertise to encompass the mutual 

interests of agriculture and environment. However, others still view the environmental 

side of this equation as a constraint and a problem rather than as an integral element of 

good farming.

7.1.3. Measure 5 -  ‘Maintain farm and field boundaries’

This measure specifies guidelines for hedgerow maintenance and protection. It has been 

expanded and altered since the early days of the scheme, when tidiness and uniformity 

were aimed for and many large hedges received an unecessarily severe cutting back. The

312



increased detail in the measure now leaves less scope for such misinterpretation.

Amongst the grassland farms that were surveyed, the effect of this measure can be seen in 

the greater uniformity of hedge height (Fig. 4.0.5).

Amongst the hedges that were surveyed on grassland, it was found that fewer beetle 

species were recorded from alongside gappy hedges. While one must be cautious in 

assigning cause and effect to a correlation such as this, it would appear that gappy hedges 

are less effective in providing shelter and protection to beetles. This is a tentative 

endorsement of the gapping-up that is being done on many REPS hedges.

The level of hedge gappiness did not emerge as an important variable in explaining the 

variation observed in field margin plant species diversity in either grassland or tillage 

field margins. This contradicts research by Moonen and Marshall (2001), who found that 

gapping-up of hedges contributed strongly to this diversity. This difference is probably 

because in Moonen and M arshall’s study it was the process of gapping up, involving soil 

disturbance and bringing buried seeds to the surface, that brought about the higher 

diversity. In the research described here however, many of the less-gappy hedges are 

denser because of their long-term management, not because they have been recently 

gapped up as described in Moonen and M arshall’s study. In fact, gappiness emerged as 

being more important in relation to the carabid community than to the field margin flora: 

it was the most significant variable in explaining variation in grassland carabid 

abundance data. It was found that hedge age was the most important variable in 

explaining variation in tillage field margin plant abundance data, and it consistently 

emerged as an important variable in ordinations of the carabid data, particularly the 

presence/absence data. Hedge height explained a significant amount of variation 

observed in grassland field abundance data.
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7.1.4. Measure 6 -  ‘Cease using herbicides, pesticides and fertilisers in 

and around hedgerows, ponds and streams’

A spray limit of 1.5m around hedgerows and streams is specified by this measure. The 

main challenge to assessing this is the fact that 1.5m is very little, and many non-REPS 

farmers are already more or less fulfilling the requirements of this measure. There is a 

general view that inputs are wasted if they are applied to the field margin, and in any case 

the machinery needs to be kept a safe distance away from the hedge to prevent it catching 

on the branches.

Impact summary

Only 27% of the grassland REPS farmers surveyed said that the REPS incurred a 

reduction in field margin inputs on their farm. Many were unaware of the need to do so 

at all, and some of those who were aware of the measure appeared to assume that it 

applied to herbicides and pesticides and not to fertilisers. On tillage farms, most REPS 

farmers said that they were reducing inputs in the margins and indeed P levels were 

significantly lower in the REPS inner field margin area (1-tailed t-test, p=0.013). 

However, as far as watercourses are concerned, farmers already need to keep a safe 

distance when spraying in order to uphold GFP.

Focusing on the diversity of this 1.5m field margin area on surveyed farms, the following 

results were obtained.

• Non-REPS grassland field margins had significantly more (14.2±3.5) plant species 

per farm than REPS (12.5±3.3) grassland margins (1-tailed t-test, p=0.009). It is 

thought that this may have been due to the higher incidence of fencing off, which 

reduces plant diversity, amongst the REPS farms. Scaling up from farm-level to 

regional species richness, the plant diversity pattern is reversed: slightly more plant 

species were recorded from the REPS farms (82) than from the non-REPS farms (78).
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• On grassland watercourse margins, the influence of any differences in nutrient input 

levels that might exist between REPS and non-REPS watercourse margins was 

factored out from the influence of fencing. This was achieved by comparing fenced 

REPS and non-REPS margins, and unfenced REPS and non-REPS margins. In the 

first comparison, 50 species were recorded from the REPS margins and 48 from the 

non-REPS margins. In the second comparison, 52 species were recorded from the 

REPS margins and 51 from the non-REPS margins. These differences are negligible.

• On tillage field margins, plant species richness did not significantly differ between 

REPS (11.1±3) and non-REPS (10.8±3.8) farms (2-sample t-test p=0.66). Scaling up, 

a total of 81 species were recorded in surveyed REPS tillage field margins, 72 on 

non-REPS margins.

• With regard to beetle species richness in these field margins, averages of 19.4±6.1 

and 18±3.4 Carabidae species were found on REPS and non-REPS grassland field 

margins, respectively, a difference which is not significant (2-sample t-test, p=0.44). 

Overall totals of 43 carabid species were recorded from REPS grassland farms and 37 

from non-REPS grassland farms, with 32 species common to both groups. An 

average of 21.6±4.5 carabid species was recorded in the (wider) REPS tillage field 

margins, compared to an average of 21.4±4.1 in the non-REPS margins, a difference 

which is not significantly different (2-sample t-test, p=0.9). Overall, the carabid 

fauna on tillage farmland was found to be remarkably standard: a total of 46 carabid 

species were recorded from REPS margins and 49 from non-REPS margins, with 42 

common to both groups.

It is concluded that input reductions are either not being achieved in the surveyed 

grassland field and watercourse margins, or if they are, no significant impact on floral 

diversity is observed. In tillage field margins, it would appear that input reductions are
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being achieved, and species richness in REPS margins is indeed higher than on REPS 

margins, although the difference is not significant.

Summary of recommendations

It is strongly recommended that the 1.5m limit be extended to at least 3m. A 1.5m limit 

does not allow for the spray drift that inevitably occurs on occasion. The same applies 

during fertiliser application, and it is particularly difficult to achieve any accuracy when 

using a spinner, necessitating a wider limit. It has been demonstrated elsewhere that a 

3m buffer strip reduces spray drift into ditches and hedges, lessening the disturbance to 

field margin flora from farming operations (De Snoo and De Wit, 1998).

On the basis of research discussed in Section 2.2.5, it is also suggested that reducing field 

margin inputs is of little value if not accompanied by the cropping and removal of 

vegetation in order to accelerate the loss of excess nutrients from the system. This is 

already the case in grazed fields, but it is not so in tillage fields. It is recommended that 

cropping and removal of tillage field margin vegetation be introduced, particularly in 

problematically weedy margins where there is a more urgent need to establish a 

perennial, non-invasive field margin flora.

7.1.5. Measure 9 -  Tillage crop production’

One of the requirements of Measure 4 is that an uncultivated strip of at least 1.5m be 

retained at the margin of the field. This is easily measured, and it was found that on 

surveyed tillage farms, REPS fields (average 181cm) had significantly wider margins 

than non-REPS fields (average 145cm) (p<0.001). The surveyed REPS field margins 

were also significantly lower in P (5.94±3.98) than those of the non-REPS farms
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surveyed (9.19±6.53) (2-sample t-test, p=0.025), whereas P-levels in the 1.5m to 3m band 

did not differ significantly (p=0.25).

Impact summary

As enumerated in the Results chapters, wider uncultivated field margins did not appear to 

significantly benefit either the plant diversity or the beetle diversity data on surveyed 

farms. This is surprising in the light of Moonen and Marshall’s (2001) finding that large 

boundary width contributed strongly to the diversity of hedge-bottom vegetation. 

However, the wider margins surveyed were several metres wide, rather than between 

1.5m and 2m as was the case in this study. Such narrow margins are dominated by ‘edge 

effects’. It is thought that the widening of tillage margins to 3m or more would indeed 

see an increase in plant species numbers.

In relation to the Carabidae data, the results are not surprising, reflecting the findings of 

similar studies in the past. For example, Telfer et al. (2000) sampled the carabid fauna 

on arable field margins of 3m and 6m width, and found that margin width showed no 

effect on carabid assemblages (c.f. Sections 2.2.4-5).

Although the wider margins did not appear to enhance beetle diversity, higher 

abundances (although not significantly higher) were recorded. This is an encouraging 

sign that the wider tillage margins may be providing a very real benefit by harbouring 

greater numbers of carabid beetles, many of which are predators of crop pests. For 

example, Bembidion lampros is an important predator of root fly eggs (Thiele, 1977). 

Harpalus and Amara species consume large numbers of weed seeds (Kromp, 1999), and 

the many polyphagous predators in the taxon contribute to the reduction of aphid 

populations in the crop (Thomas et a l,  1991). As shown in Section 5.5, Harpalus rufipes 

in particular was much more abundant in the wider margins.
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It was also found that a significantly higher number of pygmy shrews {Sorex minutus) 

were trapped in the REPS margins (2-tailed M ann-W hitney test, p=0.035). This is 

particularly interesting because shrews are insectivores, and their abundance reflects the 

availability of their invertebrate prey. Their abundance also provides an encouraging 

insight into the effect on a higher trophic level of widening the margins.

Summary of recommendations

A recommended improvement to this measure is the widening of the uncultivated strip to 

3m, and the introduction of occasional 6m-wide reseeded strips in selected locations. As 

mentioned earlier, there is also a need to introduce cropping and removal of vegetation in 

tillage field margins in order to lower excess nutrient levels and accelerate the 

development of a non-invasive, perennial flora that does not harbour troublesome 

populations of vigorous weeds.

7.1.6. Greater variation amongst non-REPS farms -  discussion

The larger variation in several respects that has been found to exist amongst surveyed 

non-REPS farms than amongst REPS farms has the effect of making it even more 

difficult to detect differences between REPS and non-REPS farms overall. This 

exacerbates the difficulty in discerning the effects of the REPS from the effects of the 

many other variables that affect flora and fauna diversity on farmland. Longer term 

monitoring on REPS and non-REPS farms with baseline data to provide an adequate 

basis for comparison, is the only satisfactory solution to this obstacle.

In a study of REPS and non-REPS farmers in the Burren, County Clare, Dunford (2001) 

observed a similar pattern of greater nature-value variation amongst non-REPS farms. 

Two extremes of the spectrum of ‘nature value’ were occupied by non-REPS farmers
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who were either too intensive to be eUgible for the scheme, and the non-REPS farmers 

who could be characterised as ‘less progressive’, and who are likely to be old bachelors 

with small farms, often of high nature value.

As explained in Section 4.4.3, those non-REPS farms at the lower-input, more 

extensively-farmed end of the spectrum may be of particularly high nature value. One of 

the most important reasons for not joining the REPS is that the farm is so large that it is 

not financially worthwhile, because although there is a 40 ha payment ceiling, the farmer 

must apply the measures to the entirety of the farm. At the other extreme, farmers with 

only a few hectares may feel that the REPS payment is not enough to offset the amount 

of paperwork and bureaucracy involved. During this particular study the aim was to 

survey farms of approximately 40 ha in size, so one of the criteria of farm selection was 

to exclude the very small and the very large farms. Some of the non-REPS farms 

surveyed were substantially larger than the 40 ha payment threshold and these farmers 

cited the size of the farm as their main reason for not joining. Amongst these larger 

landowners reluctance to enter the REPS was also associated with an unwillingness to be 

‘told’ how to manage their own land. Across the board amongst non-REPS farmers, but 

particularly amongst tillage farmers, there was a sense that the scheme would incur cuts 

in input levels that would impact adversely on production levels. The ban on growth 

regulators in the REPS (a measure which has since been relaxed) effectively precluded 

the cultivation of wheat within the REPS, and this was an offputting factor for several 

tillage farmers met during the survey. None of the farmers that were met during this 

study said that the paperwork or bureaucracy involved was putting them off: most 

farmers have now become accustomed to such work through for example Area Aid, 

headage payments, milk quotas and livestock records. However, anecdotal evidence 

suggests that this is an offputting factor for many farmers with smaller holdings.

Many non-REPS farmers said that they planned to enter the scheme sooner or later, 

voluntarily or otherwise (in the words of one surveyed non-REPS farmer, ‘w e’ll all be 

forced to go in eventually’). This was more frequently the case amongst the grassland 

farmers, many of whom perceived that their REPS neighbours did not necessarily have to
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change much to be eligible for the scheme. Conversely, several REPS farmers voiced 

uncertainty about remaining in the REPS. One of the biggest reasons for this related to 

inspections. Many farmers now have off-farm income sources, particularly REPS 

farmers who joined the scheme primarily for financial reasons and are depending on 

income from several sources, including the REPS. When notification is received that an 

inspector will be arriving the following day, all other commitments have to be dropped to 

get affairs in order in time for the inspection. Overall, the time factor involved in REPS 

membership is offputting for some farmers. Finally, a few REPS farmers said that they 

were not planning to renew their membership of the scheme because they wanted to make 

changes on the farm that would not be permitted in the scheme. An example is a REPS 

farm in Offaly which was surveyed in 1999. The farm was re-visited in 2000 and it was 

observed that one of the surveyed hedges had been removed. It transpired that the farm 

had left the scheme since the survey was carried out so that this and other changes could 

be made on the farm.

7.1.7. Hedge age and its effects on the field margin community

There was a higher proportion of older and more species-rich hedges amongst the non- 

REPS than amongst the REPS surveyed grassland hedges. As discussed, it was found 

that the surveyed non-REPS grassland field margins were significantly richer in plant 

species than surveyed REPS margins. A higher tally of Carabidae species was also taken 

from non-REPS farms than from REPS farms. It would seem intuitively reasonable to 

attribute the higher non-REPS field margin diversity to the presence in this group of some 

older hedges containing a higher number of tree species. However, the available data 

indicated that there did not appear to be a correlation between hedge age or hedge species 

richness with the flora or carabid fauna species richness in the field margin. It is 

important to bear in mind that in simply testing species diversity, both the actual identity 

of those species and their relative abundances are lost, but this information is retained in 

the CANOCO CCAs. In this analysis hedge age emerges as the most important variable
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in explaining variation observed in the flora of tillage inner margins and also explains a 

significant amount of variation in the tillage beetle data. In the CCA of grassland carabid 

species richness data, hedge age is one of the most important variables, but it becomes 

less so when abundance information is taken into account. Therefore on grassland, it 

would appear that recent management is more likely to have influenced the observed 

patterns than hedge age.

The problem of hedge age and hedge species diversity as a confounding factor serves to 

underline, yet again, the importance of ongoing monitoring with baseline data to provide 

an adequate basis for comparison. An approach of this nature is the only satisfactory way 

of factoring out the influences of such variables.

7.2. Focus on individual species

7.2 .1.  Rarities

Plants

On the whole, the plant species that were recorded during the study were commonly- 

encountered widespread species.

Phalaris minor, a species of grass that is rarely recorded in the Republic of Ireland, was 

recorded in a barley field in the Enniscorthy area. Phalaris minor is an introduced 

species that is carried in imported wool or occasionally amongst imported seed.
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Carabidae

A large amount of data has been amassed on Carabidae in the surveyed counties. Many 

have not been recorded in these locations before, and it is hoped that the list compiled 

here will be of use in the absence of other such surveys in the Republic of Ireland. Many 

have also not been recorded in these habitats before. This is interesting because it may 

well be that regular farmland, which is not usually the subject of pitfall trapping surveys, 

contains some species that had previously been recorded -  and thought to be 

characteristic of -  sand dunes, woodland, bogs and other habitats that attract greater 

conservation interest. Nine species of particular interest are discussed below.

Poecilus (Pterostichus) cupreus is local and southern on the island of Ireland (Luff, M., 

pers. comm.). It is mostly reported from open, bare ground on limestone rocks, and there 

are currently no published records for agricultural land on the island (Anderson et a l, 

2000).

Poecilus (Pterostichus) anthracinus is found in marshes and well-vegetated pond 

margins. It is local in England, south Wales and Ireland, and is listed in the British Red 

Data Book as nationally scarce. During this research P. anthracinus was recorded on 

both REPS and non-REPS grassland farms. As with P. cupreus, this is the first time that 

the species has been recorded from agricultural grassland (Anderson et al., 2000). It is a 

wing-dimorphic spring/summer breeder.

Ophonus (Harpalus) rufibarbris is widespread in eastern England but more local in 

Scotland, Wales and Ireland. Its distribution is eastern in Ireland, and it is usually found 

only in dry sites (Luff, M., pers. comm.). It is a winged spring breeder.

Scattered and uncommon in Northern Ireland, Agonum afrum (moestum) usually only 

occurs in very wet sites such as bogs (Anderson et a l, 2000; Luff, M., pers. comm.). 

During this study A. afrum was recorded from several grassland and tillage sites which 

are not typical of the wet habitats from which the species is usually taken.
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Amara eurynota is widespread in Britain, but there are very few Irish records of the 

species. It is typically found in weedy bare soil, and has benefited from agricultural 

cultivation (Luff, 1998). The species is a winged late breeder.

Synuchus nivalis is described as a species of obscure ecology that is widespread but 

scarce in Northern Ireland (Anderson et a l,  2000), where it is usually recorded on sandy 

soils near the coast, but it has been recorded from a variety of other habitats including 

town gardens and agricultural grasslands.

Dromius linearis is typical of dry, tussocky grasslands (Luff, 1998). It is widely 

distributed in Britain, but Irish records are few and scattered. It is a brachypterous 

species which breeds throughout year, climbing stems to feed at night.

Although generally distributed throughout Britain, Trechoblemus (Trechus) micros is 

local in the island of Ireland and it appears to have been recorded only from Derry, 

Armagh and Tipperary. It has typically been taken from sites near water, but is thought 

to occur widely in damp grasslands (Luff, M., pers. comm.). It is a winged 

spring/summer-breeding species.

Cychrus caraboides is a large, flightless carabid species. Although it is typical of forests, 

surveys in Northern Ireland have found it to be widespread on areas of upland peat 

(Anderson et a l, 2000). The mouthparts are adapted to feed on snails and slugs, and it 

tends to be common in shaded places wherever there is an abundance of prey. The 

species was recorded from 3 REPS and 1 non-REPS grassland sites, and 6 REPS tillage 

sites. The fact that this species was almost exclusively recorded on REPS farms is an 

encouraging indication of the beneficial effect that some of the scheme’s measures -  in 

particular, wider tillage field margins -  may be having on specialised, less mobile species 

such as this. It may also indicate a larger density of snails and slugs in REPS field 

margins.
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7.2.2. Pygmy shrew {Sorex minutus)

M ost rodents are surveyed using live trapping methods. It is not possible to survey 

pygmy shrews using these methods. When trapped without access to food, shrews die 

very quickly due to its high metabolism. It is therefore very difficult to carry out any 

variety of live trapping. During this study they were not targeted for surveying, but they 

inevitably followed their prey into many of the traps. They are in fact frequently 

encountered in pitfall traps (Grieg-Smith, 1991). During this study they were first 

viewed as an obstacle, because their presence attracts carrion-feeding insects into the 

traps. During the TWINSPAN ordination, a REPS bias was noticed in the shrew/carrion- 

feeding insects grouping. As a result of this, a closer look was taken at the abundance of 

shrews in the REPS and non-REPS pitfall traps. The data were not normally distributed, 

so Mann-Whitney tests were done to assess the extent of the difference between the 

abundance of shrews on REPS and non-REPS farms. There were significantly more 

shrews in the REPS tillage field margins (1-tailed: p=0.018). On grassland farms, more 

shrews were trapped on REPS farms but the difference was not significant (1-tailed: 

p=0.130)

It is not surprising that there were significantly more shrews in the wider tillage field 

margins, since these provide a larger habitat area and it has been shown that there was a 

higher abundance of beetle prey present in these wider REPS margins. The slightly 

larger number of shrews in REPS grassland margins is more difficult to explain. It may 

be related to the higher incidence of fencing off in the REPS margins, and the consequent 

taller, lush vegetation. Perhaps this affects the likelihood of the shrew locating a trap 

containing beetle prey, although it would have been thought that it would hide or obscure 

traps from the shrews.
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7.3. The future of the REPS: further recommendations

As explained in Section 6.1.1, the need for clear objectives and verifiable targets cannot 

be overstated. These facilitate effective scheme design and objective-led monitoring, the 

results of which can then feed back into improved scheme design. Having said this, the 

dangers of targeting measures towards only one objective, such as the conservation of 

certain bird species, should be highlighted. Focusing on one objective or one taxon to the 

exclusion of all others leads to a dangerously simplified approach which can be damaging 

to the complex system of which they are a part.

The basis for all agri-environment payments is the loss that the farmer incurs in retaining 

or introducing farming practices that go beyond GFP, combined with an incentive 

element. With the introduction of cross-compliance (Article 3 of the Common Rules 

Regulation 1259/99), the need to very clearly distinguish GFP from the requirements of 

the REPS has become crucial to the validity of the scheme. There is a need to make 

explicit the ways in which the scheme exceeds the code of GFP, which covers most of the 

topics covered by REPS measures, even including the protection of archaeological sites. 

Increased stringency of environmental laws that impinge on agricultural management is 

having the effect that GFP is encroaching on elements of the former remit of agri

environment schemes. This legislation includes the amended Wildlife Bill, the Litter Act 

and national legislation arising from the EU W ater Framework Directive including the 

designation of NVZs.

In conjunction with this, the precise role that the REPS should play alongside GFP needs 

to be carefully evaluated. Currently, its main focus is pollution prevention and 

maintenance of areas of notable nature value, if recognised, on the farm. It is fair to say 

that GFP already covers these tasks. It is time for the REPS to build on such 

maintenance-orientated goals towards a more rehabilitative, enhancing approach. This is 

appropriate for the relatively intensively-managed and low nature value areas that make 

up the majority of REPS farms. A particularly special area such as the Burren requires a
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different set of objectives: again maintenance, rather than enhancement, is the main goal. 

Environmental considerations in Irish agriculture, then, should ideally have three levels, 

which can be characterised as moving from the ‘broad and shallow’ to the ‘narrow and 

deep’:

1. Good Agricultural Practice, which must be achieved by most farmers across the 

country. This is defined by the various legal requirements that affect certain farming 

practices;

2. The REPS, for which most farmland is eligible and which seeks to enhance the nature 

value of relatively intensively-managed farmland;

3. Regional ESA-type management plans for particularly valuable areas which face a 

certain set of management challenges. The retention of particular long-established 

farming practices and the staving off of the damaging effects of intensification and 

land abandonment leading to scrub encroachment, are the key goals.

Each of these three levels has a different set of objectives. They also have different sets 

of monitoring objectives.

7.4. The contribution of this study to agri-environment research

The impact of agri-environmental schemes has been variously surveyed and monitored in 

other countries, but no such research had been carried out in the Republic of Ireland until 

now. It is hoped that the study has succeeded in combining applied ecology with 

agricultural practicalities, and in integrating the particular requirements of the agri- 

environmental scene in the Republic of Ireland with best practice elsewhere in the field of 

agri-environmental scheme monitoring. In attempting to do this the research has covered 

a range of areas including agri-environmental policy, agricultural science, plant ecology, 

invertebrate ecology and biodiversity science, also touching on the sociological and 

economic aspect of agricultural schemes. While it has not been possible to analyse and 

evaluate any one of these topics in very great detail, it is hoped that in bringing these
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areas together a better understanding has been gained of the patterns that were observed 

in the very substantial quantity of data that were collected during fieldwork.

This research suggests that the REPS is having little beneficial impact on the diversity of 

flora and surveyed fauna groups on farmland. This is to be expected given the low level 

of emphasis that biodiversity receives in the scheme. The measures that have the 

potential to benefit farmland biodiversity do not require much from REPS farmers, to an 

extent that many non-REPS farmers are carrying out very similar practices. It is also the 

case that the Irish rural environment is of relatively high overall quality, and that agri

environment schemes have a greater capacity to have (measurably) beneficial 

biodiversity effects in intensively-managed farmland with an impoverished flora and 

fauna. Such farms were not exclusively targeted for surveying. The absence of clear 

patterns generally in the data collected during this study is not surprising in view of the 

variation amongst surveyed farms in particular non-REPS farms, the absence of baseline 

data and the time constraints preventing ongoing monitoring. These factors conspire to 

obstruct the detection of effects that REPS measures may be having. There were a 

number of encouraging signs of success amongst some individual species, but on the 

whole it is fair to say that these few benefits are less than would have been expected from 

at least five years of scheme membership.

This research makes an important contribution to the scientific evaluation of agri

environment schemes. Currently there are few academic papers on the impact of agri

environment schemes on biodiversity. They include the study on a Dutch agri

environment scheme by Kleijn et al. (2001), and the proceedings of a British Grassland 

Society conference on the monitoring of grasslands in ESAs in the UK (Sheldrick, 1997). 

There are also a number of important reports on the results of ESA monitoring in 

Northern Ireland (McAdam et a l ,  1994b; Millsopp et al., 1997). The Dutch study is 

unique in pairing equal numbers of agreement and non-agreement farms. Several of the 

ESA monitoring studies are unique in that they begin with a wide-ranging baseline 

survey, followed by remonitoring of a stratified sample of the surveyed sites every three
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to five years thereafter. If these two approaches were combined, an optimal monitoring 

strategy would emerge.

This research specifically tackled the assessment of a ‘broad and shallow’ scheme, rather 

than a more focused ESA-type scheme. Both scheme types present different challenges 

for monitoring. The principal challenge for the more ‘narrow and deep’ schemes is that it 

can be very difficult to find farms that are within the ESA, are similar to agreement 

farms, but which have not themselves entered agreements. Farms outside the ESA can 

not be used as ‘control’ farms because by definition they are different, being of lower 

nature value. In monitoring schemes which focus on defined, ‘high nature-value’ areas, 

the emphasis is on specific habitat types and species assemblages of particular interest. 

The principal challenge for the ‘broad and shallow’ schemes is that they can be very 

wide-ranging, encompassing several different farm types over a large geographical area. 

The difficulty is to devise a monitoring strategy which is appropriate to the range of 

farms encompassed by the scheme. Finding similar non-agreement farms is less of a 

problem because the overall density of agreement farms is generally less than it would be 

within a designated ESA-type region. With these schemes, the objectives relate not to 

specific species or habitat types, but to a more general set of concerns including the 

success of specific rehabilitation and enhancement measures such as widened, reseeded 

headlands that are managed for wildlife, and the effect on the landscape of improved 

hedgerow management.

7.5. Limitations o f the research

The principal limitation of the research is the lack of baseline data. There was a 

consequent need to compare REPS and non-REPS farms. Fundamental problems 

accompany this approach to the research due to the many differences that exist between 

two different sets of farms. These were not limitations that could be overcome in the 

timespan available. Although efforts were made to carefully pair similar REPS and non- 

REPS farms, it was very difficult to do this satisfactorily in practice because of the
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limitations on farm selection, the main requirement being REPS membership for a 

minimum of five years. As has been discussed, the identification of differences between 

REPS and non-REPS farms was rendered more difficult by the variation amongst non- 

REPS farms in particular.

A second limitation is that at least one further invertebrate group should have been 

included in the survey. Data were collected on aphid parasitoids, but these were not used 

because the fieldwork was not detailed enough: an insufficient number of host plant 

thistles were surveyed at each grassland site, and the use of aphicide in tillage fields 

precluded this part of the survey in those areas. Other groups which could have been 

included are bees, hoverflies (Syrphidae) and groups of Heteroptera, which in particular 

have been shown to be particularly good predictors of the diversity of other unrelated 

invertebrate groups (Duelli and Obrist, 1998).

I ’he study had a limited geographical spread, and would have benefited from the 

inclusion of farms in different areas of the country, in particular the west. The 

implications of the restricted geographical spread of surveyed farms include the limited 

applicability of the results of the study to conditions in other regions. In particular, 

sheep-grazed grassland in the west of the country, and semi-natural unimproved 

grassland, were neglected by the study. The extent to which conclusions drawn from a 

study of improved grassland in the midlands can be applied to improved grassland in 

other areas of the country is uncertain. If the survey had been extended to semi-natural 

unimproved grassland, some very different results may have emerged. Conclusions 

regarding the relationship between field margin fencing and plant diversity, for example, 

might have differed from those that emerged from this study. The results of this research 

are not assumed to apply to semi-natural grassland.

For practical reasons it would not have been possible to expand the study to non-Teagasc 

farms. This is a limitation of the research, because although Teagasc are the largest 

planning organisation, most REPS farms (approximately 60%) are in the scheme with 

private planners. It was beyond the scope of the study to investigate this source of
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variation. However, tiie focus of the research was largely on the design of REPS 

measures, rather than the quality of implementation of those measures. Design of the 

scheme is independent of the agency that implements it (although this too is, of course, 

critical to the success of the scheme).

With regard to the pitfall trapping element of the study, some considerable compromises 

were made in order to cover as many farms as possible, given the constraints on time and 

resources. A preferable trapping strategy would have been to set more traps at each site 

but to take them up after a shorter period, such as 10 days (rather than 21). Traps would 

have been less likely to become irretrievably overgrown or damaged by livestock in this 

shorter trapping period. Where one or two traps were lost from a site, sufficient traps 

would have remained to provide a satisfactory dataset for the site. In the survey method 

used in this research, only two traps were present in each field margin at any given time. 

This was a risk-sensitive strategy, because where one or both traps were lost, data for the 

site overall was seriously compromised.

Despite the limitations in the trapping setup, a very large number of insects were trapped, 

which took many months to identify and which provided a good dataset with which to 

work. It is also the case that while the modifications suggested above would have 

allowed a more thorough survey of each site, this is less important where comparative 

studies are concerned. In a comparative study such as this one, it is more important to be 

consistent from site to site, because the relative differences are more important than the 

absolute trapping efficiency (Rushton et a l ,  1989). One positive aspect of having only 

two traps in each field margin at any given time was that it reduced the impact of the 

trapping on populations of field margin fauna. The trap spacing (10m apart) was also an 

important factor in this, since traps that are closer than 5m apart can deplete populations 

more quickly, and this is to be avoided when species of conservation interest are being 

sampled (W ard et ah, 2001).
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7.6. Recommended research for the future

When this study began, there was almost no agro-ecological research ongoing in the 

Republic of Ireland. This is now changing with the instigation of major research projects 

on several aspects of agro-ecology, particularly in University College Dublin, and with 

the launch of Tearmann, an Irish journal dedicated to agri-environmental research. A 

general recommendation is that there should be a much greater level of research on the 

ecological impact of REPS measures, and of other agricultural schemes, that is 

specifically aimed at policy improvement.

The survey methodology did not constitute an ideal baseline survey (discussed in 

Chapters 3 and 6), but nevertheless it is the only survey of its kind that is stratified by 

REPS membership and farming type. If time had allowed, the sites would have been re

monitored in subsequent years in order to yield a longer-term dataset. Arising from this 

is a recommendation for the continuation of surveying on these farms. One of the 

problems with doing this, however, is that farmers agreed to be involved on the 

understanding that their details would remain confidential. This was a point of particular 

importance to several farmers. These farms cannot automatically be included in future 

research: it is necessary to be mindful and considerate of the reluctance of some people to 

be involved with studies such as this. However, it is interesting to note that most people 

were considerably happier when reassured that water quality was not a component of the 

survey.

A particular focus of future research should be the assessment of the indicator value of 

other invertebrate groups. For example, the value of a taxon such as the Syrphidae in 

reflecting patterns of diversity in other dipteran groups, and in other insect orders, needs 

to be assessed. Although the Carabidae are important in their own right for reasons that 

are discussed in Chapter 2, this study appears to confirm the view of Duelli and Obrist 

(1998) that their diversity is a poor predictor of floral species richness. The inclusion of a 

taxon that is an effective predictor of the diversity of other groups would serve to 

expedite biodiversity assessments and monitoring in the future.
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Finally, it is recommended that research in the future should include non-Teagasc farms. 

In order to do this, it will be necessary for the Department of Agriculture to make farm 

plans available to researchers. At present, Teagasc is the only source of farm plans for 

research such as that described here, a constraint within which objective research on the 

REPS should not be obliged to operate.
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Appendix 1

Plant species recorded

Table I.i: Plant species recorded in grassland field margins on 30 farms in Laois and Offaly 
during 1999.

REPS Non-REPS
Hedge 

(woody + 
climbers)

28 species

Field margin

81 species

Hedge 
(woody + 
climbers)

24 species

Field margin

80 species
Acer pseudoplanatus (Bryophyte species) Betula pendula (Bryophyte species)
Aesculus 
hippocastanatum  
Betula pendula

Corylus avellana

Crataegus monogyna 
Euonymus europaeus 
Fagus sylvatica 
Fraxinus excelsior 
l-ledera helix 
IHumulus lupulus 
Ilex aquifolium  
Ligustrum vulgare 
Lonicera periclymenum  
Malus domestica 
Picea sitchinensis

Pinus sylvestris 
Prunus avium  
Prunus insititia  
Prunus spinosa 
Quercus robur 
Rhamnus catharticus 
Rosa canina 
Rubus fruticosus agg. 
Salix atrocinerea 
Sambucus nigra 
Sorbus aucuparia

Symphoricarpos albus 
Ulex europaeus

Achillea millefolium Convolvulus arvensis Acer pseudoplatanus

Aegopodium  
podagraria 
Agropyron repens

Agrostis stolonifera  
Agrostis tenuis 
Alliaria petiolata  
Alopecurus pratensis 
Anagallis arvensis 
Anthriscus sylvestris 
Arctium minus 
Arrhenatherum elatius 
Arum maculatum  
Beilis perennis 
Brachypodium  
sylvaticum  
Briza media 
Bromus hordeaceus 
Carex sp.
Centaurea nigra 
Cerastium arvense 
Chamomilla suaveolens 
Cirsium arvense 
Cirsium palustre  
Cirsium vulgare 
Convolvulus arvensis 
Crataegus monogyna

Cynosurus cristatus 
Dactylis glomerata  
Epiiobium 
angustifolium  
Epiiobium palustre

Cotylus avellana

Crataegus monogyna

Euonymus europaeus 
Fraxinus excelsior 
Galium verum 
Hedera helix 
Ilex aquifolium  
Ligustrum vulgare 
Lonicera periclymenum  
f\/lalus domestica 
Populus canescens 
Prunus avium 
Prunus insititia

Prunus spinosa 
Quercus robur 
Rosa canina 
Rubus fruticosus agg. 
Salix atrocinerea 
Sambucus nigra 
Ulex europaeus 
Ulmus procera 
Vida sepium

Achillea millefolium

Aegopodium  
podagraria 
Agropyron repens 
Agrostis stolonifera 
Agrostis tenuis 
Alopecurus geniculatus 
Alopecurus pratensis 
Anagallis arvensis 
Anthriscus sylvestris 
Arctium minus 
Arrhenatherum elatius 
Arum maculatum  
Beilis perennis

Bromus hordeaceus 
Carex sp.
Cerastium arvense 
Chamomilla suaveolens 
Cirsium arvense 
Cirsium palustre 
Cirsium vulgare 
Convolvulus arvensis 
Cynosurus cristatus 
Dactylis glomerata 
Epiiobium 
angustifolium  
Equisetum arvense 
Equisetum palustre 
Festuca rubra

Filipendula ulmaria
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Equisetum palustre 
Festuca rubra 
Filipendula ulmaria 
Galium aparine 
Galium verum 
Geranium robertianum 
Geum urbanum

Hedera helix 
Heracleum 
sphondyllum 
Holcus lanatus 
Hypericum perforatum  
Hypericum 
tetrapterum  
Lamium sp.
Lapsana communis 
Lathyrus pratensis 
Leontodon hispidus 
Lolium perenne 
Medicago lupulina 
Origanum vulgare 
Plantago lanceolata 
Plantago major 
Polygonum aviculare 
Potentilla anserina 
Potentilla erecta 
Primula vulgaris 
Prunella vulgaris 
Prunus spinosa 
Pteridium aqulinum 
Ranunculus acris 
Ranunculus repens 
Rosa canina 
Rubus fruticosus agg. 
Rumex acetosa 
Rumex crispus 
Rumex obtusifolius 
Rumex sanguineus 
Senecio jacobaea 
Solanum dulcamara 
Sonchus asper 
Stachys sylvatica 
Stellaria graminea 
Stellaria media

Symphoricarpos albus 
Taraxacum officinale
agg-
Trifolium repens 
Urtica dioica 
Veronica chamaedrys 
Veronica persica_____

Galium aparine 
Galium odoratum 
Galium verum 
Geranium robertianum 
Geum urbanum 
Hedera helix 
Heracleum 
sphondyllum 
Holcus lanatus 
Hypericum perforatum

Hypericum pulchrum 
Hypochaeris radicata 
Juncus effusus

Lapsana communis 
Leontodon hispidus 
Lolium perenne 
r^entha aquatica 
Phleum pratense 
Plantago lanceolata 
Plantago major 
Poa annua 
Poa trivialis 
Polygonum aviculare 
Potentilla anserina 
Potentilla erecta 
Potentilla sterilis 
Primula vulgaris 
Prunella vulgaris 
Prunus spinosa 
Ranunculus repens 
Rosa canina 
Rubus fruticosus agg. 
Rumex acetosa 
Rumex crispus 
Rumex obtusifolius 
Rumex sanguineus 
Senecio jacobaea 
Senecio vulgaris 
Smyrnium olusatrum 
Sonchus asper 
Stellaria graminea 
Stellaria media 
Taraxacum officinale
agg-
Trifolium repens 
Urtica dioica

Veronica chamaedrys 
Veronica hederifolia 
Veronica persica 
Vida sepium_________
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Vida sepium Vida sp.
Vida sp. Viola odorata
Viola odorata
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Table I.ii: Plant species recorded on the margins of surveyed grassland watercourses on 
30 farms in Laois and Offaly.

REPS Watercourse NonREPS Watercourse
Margins Margins

94 species 93 species
(Bryophyte species) 
Achillea millefolium  
Aegopodium podagraria 
Agropyron repens 
Agrostis stolonifera  
Agrostis tenuis 
Alopecurus pratensis 
Anagallis arvensis 
Anthriscus sylvestris 
Arctium minus 
Arrhenatherum elatius 
Brachypodium sylvaticum  
Briza media 
Bromus hordeaceus 
Carex nigra 
Carex sp 
Centaurea nigra 
Cerastium arvense 
Cirsium arvense 
Cirsium palustre  
Cirsium vulgare 
Convolvulus arvensis 
Crataegus monogyna 
Cynosurus cristatus  
Dactylis glomerata 
Daucus carota 
Deschampsia cespitosa 
Epilobium angustifolium  
Epilobium montanum  
Equisetum palustre  
Festuca rubra 
Filipendula ulmaria 
Fraxinus excelsior 
Galium aparine 
Galium palustre 
Galium verum 
Geranium robertianum  
Glechoma hederacea 
Glyceria fluitans 
Heracleum sphondylium  
Holcus lanatus

(Bryophyte species) 
Achillea millefolium  
Agrostis stolonifera  
Agrostis tenuis 
Alisma plantago-aquatica 
Alopecurus pratensis 
Anagallis arvensis 
Anthriscus sylvestris 
Arrhenatherum elatius 
Beilis perennis 
Betula pubescens 
Brachypodium sylvaticum  
Briza media 
Bromus hordeaceus 
Caltha palustris 
Capsella bursa-pastoris 
Carex nigra 
Carex sp 
Centaurea nigra 
Cerastium arvense 
Chamomilla suaveolens 
Cirsium arvense 
Cirsium palustre 
Cirsium vulgare 
Convolvulus arvensis 
Crataegus monogyna 
Cynosurus cristatus 
Dactylis glomerata 
Dactylorhiza fuchsii 
Epilobium angustifolium  
Epilobium palustre  
Equisetum arvense 
Equisetum palustre 
Festuca ovina 
Festuca rubra 
Filipendula ulmaria 
Galium aparine 
Galium odoratum  
Geranium robertianum  
Geum urbanum 
Glyceria fluitans

352



Humulus lupulus 
Hypericum perforatum  
Hypericum pulchrum  
Hypochaeris radicata 
Juncus effusus 
Juncus inflexus 
Juncus squarrosus 
Lapsana communis 
Lathyrus pratensis 
Lemna minor 
Liverwort spp.
Lolium perenne 
f^entha aquatica 
Nasturtium officinale 
Odontites verna 
Phalaris arundinacea 
Phleum pratense 
Plantago lanceolata 
Plantago major 
Poa annua 
Poa trivialis 
Potentilla anserina 
Potentilla erecta 
Prunella vulgaris 
Prunus spinosa 
Ranunculus acris 
Ranunculus repens 
Rosa canina 
Rubus fruticosus agg. 
Rumex acetosa 
Rumex crispus 
Rumex obtusifolius 
Rumex sanguineus 
Salix atrocinerea 
Sambucus nigra 
Senecio jacobaea 
Senecio vulgaris 
Solanum dulcamara 
Sonchus asper 
Stachys sylvatica 
Stellaria graminea 
Stellaria media 
Taraxacum officinale agg. 
Trifolium pratense 
Trifolium repens 
Triglochin palustris 
Typha latifolia  
Ulex europaeus 
Urtica dioica

Hedera helix 
Heracleum sphondylium  
Holcus lanatus 
Hypericum pulchrum  
Hypochaeris radicata 
Juncus bufonius 
Juncus effusus 
Juncus inflexus 
Juncus squarrosus 
Lapsana communis 
Lathyrus montanus 
Lemna minor 
Leontodon hispidus 
Leucanthemum vuigare 
Ligustrum vuigare 
Linum catharticum  
Lolium perenne 
t^entha aquatica 
Nasturtium officinale 
Odontites verna 
Plantago lanceolata 
Plantago major 
Polygonum aviculare 
Potamogeton natans 
Potentilla anserina 
Potentilla erecta 
Prunella vulgaris 
Prunus spinosa 
Ranunculus repens 
Rosa canina 
Rubus fruticosus agg. 
Rumex acetosa 
Rumex crispus 
Rumex obtusifolius 
Sagina nodosa 
Salix atrocinerea 
Scrophularia nodosa 
Senecio jacobaea 
Sonchus asper 
Sparganium erectum  
Stellaria media 
Succisa pratensis 
Taraxacum officinale agg. 
Trifolium pratensis 
Trifolium repens 
Triglochin palustris 
Typha latifolia 
Ulex europaeus 
Urtica dioica
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Veronica anagallis-aquatica Veronica chamaedrys
Veronica chamaedrys Veronica hederifolia
Veronica persica Vida sepium
Vida sepium
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Table I.iii: Plant species recorded in surveyed tillage field margins on 30 Wexford farms 
during 2000.

PEPS Non-REPS
Field margin Hedge 

(woody + 
climbers)

20 species

Field margin

80 species
Acer pseudoplanatus 
Corylus avellana 
Crataegus monogyna 
Chamaecyparis 
lawsonia 
Fagus sylvatica  
Fraxinus excelsior 
Hedera helix 
Ilex aquifolium  
Lonicera peridymenum  
Prunus avium

Prunus spinosa 
Quercus robur 
Rhododendron 
ponticum  
Rosa canina

Agropyron repens 
Agrostis stolonifera 
Alopecurus pratensis 
Anagallis arvensis

Anthriscus sylvestris 
Arrhenatherum elatius 
Arum maculatum  
Asperula cynanchica 
Avena sativa 
Beta vulgaris (sugar 
beet)
Bromus hordeaceus 
Capsella bursa-pastoris 
Centaurea nigra

Centranthus ruber

Hedge 
(woody + 
climbers)
[6  specie s __

Acer pseudoplanatus 
Crataegus monogyna 
Fagus sylvatica  
Fraxinus excelsior

Hedera helix 
Ilex aquifolium  
Ligustrum vulgare 
Lonicera peridymenum  
Prunus spinosa 
Quercus robur

Rosa canina 
Rubus fruticosus agg. 
Sambucus nigra

Syringa vulgaris

Ulex europaeus 
Ulmus procera

 92 species_____
(Bryophyte species) 
Agropyron repens 
Agrostis stolonifera  
Agrostis tenuis

Alopecurus pratensis 
Anagallis arvensis 
Anthriscus sylvestris 
Arctium minus 
Arrhenatherum elatius 
Arum maculatum

Asperula cynanchica 
Avena sativa 
Beta vulgaris (sugar 
beet)
Brachypodium
sylvaticum
Capsella bursa-pastoris 
Centaurea nigra 
Cerastium arvense

Chamomilla suaveolens 
Chenopodium album 
Chrysanthemum  
segetum  
Cirsium arvense 
Cirsium vulgare 
Convolvulus arvensis

Dactylis glomerata 
Daucus carota 
Dryopteris sp. 
Endymion non-scriptus 
Epilobium 
angustifolium  
Epilobium palustre 
Equisetum arvense 
Equisetum palustre 
Euphorbia sp. 
Filipendula ulmaria 
Fumaria officinalis

Rubus fruticosus agg. 
Salix atrocinerea 
Sambucus nigra

Symphoricarpos albus 
Ulex europaeus 
Ulmus procera

Chamomilla suaveolens 
Chenopodium album 
Chrysanthemum  
segetum  
Cirsium arvense 
Cirsium vulgare 
Convolvulus arvensis

Dactylis glomerata 
Dryopteris sp. 
Epilobium 
angustifolium  
Epilobium palustre 
Euphorbia sp.
Fumaria officinalis 
Galeopsis te trah it 
Galium aparine

Geranium molle 
Geranium robertianum  
Geum urbanum 
Glechoma hederacea 
Gnaphalium spp.
Hedera helix
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Galeopsis te trah it

Galium aparine 
Geranium robertianum

Geum urbanum 
Glechoma hederacea 
Hedera helix 
Heracleum 
sphondylium  
Holcus lanatus 
Hordeum distlchon 
(barley)
l-lydrocotyle vulgaris 
Hypochaeris radicata 
Iris pseudacorus 
Lamium purpureum  
Lapsana communis 
Lathyrus montanus 
Linum usitatissimum  
Lollum perenne 
Lonlcera periclymenum  
Lotus cornicuiatus 
Matricaria perforata  
bAyosotis arvensis 
Phyllltis scolopendrium  
Piantago ianceolata 
Plantago major 
Poa annua
Polygonum aviculare 
Polygonum persicaria 
Prunella vulgaris 
Prunus spinosa 
Pteridium aquilinum 
Ranunculus repens 
Rosa canina 
Rubus frutlcosus agg. 
Rubus Idaeus 
Rumex acetosa 
Rumex obtusifolius

Rumex sanguineus 
Sagina nodosa 
Senecio jacobaea 
Sisymbrium officinale  
Sonchus asper 
Spergula arvensis 
Stachys arvensis 
Stachys palustris 
Stachys sylvatica 
Stellaria media 
Taraxacum officinale

Heracleum 
sphondylium  
Holcus lanatus 
Hordeum distichon 
(barley)
Hypochaeris radicata 
Lapsana communis 
Lathyrus montanus 
Lathyrus pratensis

Matricaria perforata  
Myosotis arvensis

Oenanthe crocata 
Phaiarls arundlnacea 
Phalaris m inor 
Plantago major 
Poa annua
Polygonum aviculare 
Primula vulgaris 
Prunella vulgaris 
Prunus spinosa 
Pteridium aquilinum 
Ranunculus repens 
Rubus frutlcosus agg. 
Rubus Idaeus 
Rumex acetosa 
Rumex obtusifolius 
Rumex sanguineus 
Sagina nodosa 
Senecio jacobaea 
Sherardia an/ensis 
Sisymbrium officinale 
Solanum tuberosum  
Sonchus asper 
Sonchus oleraceus 
Stachys arvensis 
Stellaria media 
Teucrium scorodonia 
Triticum aestlvum  
(wheat)
Ulex europaeus 
Urtica dioica 
Verbascum nigrum  
Veronica chamaedrys 
Veronica hederlfolia 
Veronica persica 
Vida sepium 
Viola arvensis 
Viola odorata
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Teucrium scorodonia 
Trifolium repens 
Triticum aestivum  
(wheats 
Ulex europaeus 
Urtica dioica 
Veronica chamaedrys 
Veronica hederifolia 
Veronica persica 
Vida sepium 
Viola arvensis 
Viola odorata
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Appendix 2

Carabidae species recorded

Table Il.i: Carabid species recorded on grassland farms.

June A u g /S e p t
REPS Non-REPS REPS Non-REPS

36 species 31 species 29 species 29 species
Abax parallelopipedus Abax parallelopipedus Abax parallelopipedus Abax parallelopipedus
Agonum dorsale Agonum dorsale Agonum dorsale Agonum dorsale
Agonum fuliginosum
Agonum afrum Agonum afrum Agonum afrum
Agonum muelleri Agonum muelleri Agonum muelleri Agonum muelleri
Agonum obscurum
Amara aenea Amara aenea Amara aenea 

Amara auiica
Amara lunicollis
Amara ovata
Amara plebeja Amara plebeja
Other Amara species
Asaphidion curtum Asaphidion curtum Asaphidion curtum Asaphidion curtum
Badister bipustulatus Badister bipustulatus
Bembidion lampros Bembidion lampros Bembidion lampros Bembidion lampros
Bembidion tetracolum Bembidion tetracolum Bembidion tetracolum Bembidion tetracolum
Other Bembidion Other Bembidion Other Bembidion Other Bembidion
species species species species
Calathus fuscipes Calathus fuscipes Calathus fuscipes Calathus fuscipes
Caiathus Calathus Calathus Calathus
melanocephalus melanocephalus melanocephalus melanocephalus
Calathus pice us Calathus piceus Calathus piceus
Carabus granulatus Carabus granulatus Carabus granulatus Carabus granulatus
Carabus nemoralis Carabus nemoralis Carabus nemoralis
Ciivina fossor Ciivina fossor 

Dromius linearis
Cychrus caraboides Cychrus caraboides

Elaphrus cupreus
Elaphrus riparius 
Leistus rufescens Leistus rufescens

Loricera pilicornis Loricera pilicornis Loricera pilicornis Loricera pilicornis
l-larpaius rufipes Harpalus rufipes Harpalus rufipes Harpalus rufipes
Trechus obtusus Trechus obtusus Trechus obtusus Trechus obtusus
Nebria brevicollis Nebria brevicollis Nebria brevicollis Nebria brevicollis
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Notophilus b igutta tus  
Poecilius anthracinus 
Poecilius cupreus

Pterostichus madidus 
Pterostichus 
melanarius 
Pterostichus niger 
Pterostichus nigrita  
Pterostichus strenuus 
Pterostichus vernalis

Notophilus b igutta tus  
Poecilius anthracinus

Pterostichus gracilis 
Pterostichus madidus 
Pterostichus 
melanarius 
Pterostichus niger 
Pterostichus nigrita  
Pterostichus strenuus 
Pterostichus vernalis

Trechobiemus micros

Poecilius anthracinus 
Poecilius cupreus

Poecilius anthracinus 
Poecilius cupreus 
Pristonychus terricoia

Pterostichus madidus 
Pterostichus 
melanarius 
Pterostichus niger 
Pterostichus nigrita  
Pterostichus strenuus 
Pterostichus vernalis 
Pterostichus versicolor 
Synuchus nivalis

Pterostichus madidus 
Pterostichus 
melanarius 
Pterostichus niger 
Pterostichus nigrita 
Pterostichus strenuus 
Pterostichus vernalis

Table Il.ii: Carabid species recorded on tillage farms.

_____________June__________________________________ A ug/Sept__________
REPS Non-REPS REPS Non-REPS

42 species 46 species 27 species 27  species
Abax parallelopipedus 
Agonum dorsale

Abax parallelopipedus 
Agonum dorsale

Agonum muelleri 
Agonum obscurum  
Amara aenea 
Amara aulica

Amara lunicollis 
Amara ovata 
Amara plebeja 
Amara similata

Asaphidion curtum  
Badister bipustulatus 
Bembidion aeneum 
Bembidion guttu la

Bembidion lampros 
Bembidion obtusum  
Bembidion tetracolum

Abax parallelopipedus 
Agonum dorsale 
Agonum afrum  
Agonum muelleri 
Agonum obscurum  
Amara aenea

Amara eurynota 
Amara familiaris 
Amara lunicollis

Amara plebeja 
Amara similata 
Other Amara species 
Asaphidion curtum  
Badister bipustulatus 
Bembidion aeneum 
Bembidion guttu la  
Bembidion harpaloides 
Bembidion lampros 
Bembidion obtusum  
Bembidion tetracolum

Abax parallelopipedus 
Agonum dorsale

Agonum muelleri

Amara plebeja 

Asaphidion curtum

Bembidion lampros 

Bembidion tetracolum

Agonum muelleri

Amara plebeja 

Asaphidion curtum

Bembidion lampros 

Bembidion tetracolum
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o the r Bembidion 
species
Calathus fuscipes
Calathus
melanocephalus

Other Bembidion 
species

Calathus
melanocephalus

Other Bembidion 
species
Calathus fuscipes
Calathus
melanocephalus

Carabus granulatus 
Carabus nemoralis 
Clivina fossor 
Cychrus caraboides 
Harpalus aeneus 
Harpalus latus 
Harpalus rufipes 
Leistus fulvibarbris

Ophonus rufibarbis 
Trechus obtusus 
Nebria brevicollis 
Notophilus b igutta tus  
Poecilius cupreus

Pterostichus diligens 
Pterostichus madidus 
Pterostichus 
melanarius 
Pterostichus niger 
Pterostichus nigrita  
Pterostichus strenuus 
Pterostichus vernalis 
Synuchus nivalis 
Stomis pumicatus

Carabus granulatus 
Carabus nemoralis 
Clivina fossor

Harpalus aeneus 
Harpalus latus 
Harpalus rufipes 
Leistus fulvibarbris 
Leistus rufescens 
Loricera pilicornis 
Ophonus rufibarbis 
Trechus obtusus 
Nebria brevicollis 
Notophilus b igutta tus  
Poecilius cupreus 
Pristonychus terricola  
Pterostichus diligens 
Pterostichus madidus 
Pterostichus 
melanarius 
Pterostichus niger 
Pterostichus nigrita  
Pterostichus strenuus 
Pterostichus vernalis 
Synuchus nivalis 
Stomis pumicatus

Carabus granulatus 
Carabus nemoralis

Cychrus caraboides

Harpalus rufipes 
Leistus fulvibarbris 
Leistus rufescens 
Loricera pilicornis 
Ophonus rufibarbis 
Trechus obtusus 
Nebria brevicollis

Poecilius cupreus

Pterostichus madidus 
Pterostichus 
melanarius 
Pterostichus niger

Pterostichus strenuus 
Pterostichus vernalis 
Synuchus nivalis

Other Bembidion 
species
Calathus fuscipes 
Calathus 
melanocephalus 
Calathus piceus 
Carabus granulatus

Harpalus rufipes 
Leistus fulvibarbris 
Leistus rufescens 
Loricera pilicornis

Trechus obtusus 
Nebria brevicollis 
Notophilus b igutta tus  
Poecilius cupreus 
Pristonychus terricola

Pterostichus madidus 
Pterostichus 
melanarius 
Pterostichus niger

Pterostichus strenuus 
Pterostichus vernalis 
Synuchus nivalis
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Appendix 3

Sample plant data sheet. ‘L ’ and ‘S’ stand for large (presence/absence) or small 
(percentage cover) quadrats. ‘O ’ and ‘I ’ stand for outside or inside, ie. 1.5m to 3m, or 
1.5m margin, respectively. ‘W ’ stands for woody species in the hedge.

Date: 1 August Hedge no. / Watercourse n o . : Hedge 2

Farm: Smith Quat rat 1 Quad rat 2
Species list L /0 L/I S /0 S/I L/O L/I S/O S/I w
Hawthorn /
Ash /
Holly /
Cirsium apvense / 10

Ranunculus
repens

/ 15 / 5

etc...
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Appendix 4

Sample questionnaire form. Questions were completed by the interviewer. Not all 
farmers wished to answer all questions, but most questions did receive a response.

Name:
Date:
Teagasc planner/adviser:

Hedge management

Approximate age of hedges surveyed.
When were surveyed hedges last cut?
Frequency and timing of hedge cutting.

REPS', do you manage your hedges differently under the scheme than before?

Field margins

REPS: does your plan allow spot-spraying, or are you restricted to topping?

REPS: if you weren’t in the REPS, do you think that you would spray the margins more 
than you do currently? NB herbicides and fertilisers.

REPS: what practical difficulties make this measure difficult to adhere to? NB 
herbicides and fertilisers.

Watercourse margins

Age of watercourse fence.
Number of years since last dredged.

REPS: did you have to put up a new fence when you went in to the scheme, or was it a 
question of moving out the existing fence?

Grassland

Approximately how long have the surveyed fields been under grass? Have they been 
reseeded?

Approximate stocking density, for each of the last five years. Have/would REPS affect 
your stocking levels?_____________________________________________________________
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Input levels:

• Approx NPK levels on surveyed fields
• Approx herbicide and pesticide use on surveyed fields
• Slurry.

REPS: has the scheme affected input levels on your farm?

Silage fields:

• Approximate number of years used for silage
• Grazing regime of silage fields.

Tillage

Approximate length of time of surveyed fields under tillage.
Crops grown during last 5 years.

Levels of inputs:

• Approx NPK levels
• Approx herbicide and pesticide levels
• Growth regulators.

Due to large size of tractors etc., field margin size has widened regardless of the REPS. 
REPS: do you find that you are ploughing further out than you would otherwise?

The scheme

REPS: have you done the course? What did you think of it?

REPS: what are the biggest changes that you have had to make under REPS?

Non-REPS:  do you think that you would have to change much to go into the REPS? 
Would those things put you off?

What would alter about the scheme?

Background

Other than the REPS course, have you done any environmental courses or qualifications? 
Agricultural courses and qualifications?_____________________________________________
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Appendix 5

Quantitative environmental and management variables used in the ordination analysis are 
listed, together with their abbreviations as used in the Monte Carlo results summary 
tables.

Variable Abbreviations

Grassland management intensity
(scale 1-4) Stock ty

Crop input levels and management intensity
(scale 1-4) Crop typ

Intensity of management in neighbouring field Other si
Distance of quadrat from hedge

(i.e. ‘inner’, 1.5m or ‘outer’, 1.5m-3m) Hedge di
Distance of quadrat from watercourse

(i.e. ‘inner’, 1.5m or ‘outer’, 1.5m-3m) W atr di
Width of unploughed tillage field margin Marg wdt
Height of hedge

(measured using clinometer) Hdge hgh
No. years since last hedge-cutting Last cut
Gappiness of the hedge

(scale 0-5) Gappines
Frequency of hedge-cutting (years) Freq cut
Percentage cover bare ground % bare
Distance of fence from hedge/watercourse

(zero if absent) Fence di
Age of fence Fence age
Level of inputs/disturbance in field margin

(scale 1-3) Marg inp
Field margin inputs reduced under REPS

(yes/no, REPS only) Inpts re
Height of field margin vegetation

(measured during flora survey) Herb hgh
Number of years since last ploughing of field Ploughin
Age of hedge

(scale 1-3) Hdge age
Number of species in the hedge Hdge sp
Number of plant species in field margin Marg sp r
Size of watercourse

(scale 1-4) WC size
Number of years since last dredging of watercourse Dredging 
Sequence in which pitfall traps were

set and taken up Sequence
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Aspect: Cosine, i.e. northings Asp Cos
Aspect: Sine, i.e. eastings Asp Sin
Number of cuts of hay per year taken from field Cuts hay
Number of cuts of silage per year taken from field Cuts sil
Application of slurry to field

(yes/no) Slurry
Application of farm-yard manure

(yes/no) FYM
Phosphorus level in soil test P
Potassium level in soil test K
M agnesium level in soil test Mg
Soil pH in soil test Soil pH
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