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Abstract 

The EU, in recognition that low intensity farming plays an important role in conserving 

biodiversity, is committed to identifying and protecting High Nature Value (HNV) 

farming. Most methods used to date to delineate areas of HNV have been undertaken at 

a landscape scale. However, an indicator at the farm level would be more useful for 

implementing policy incentives, given that monies to protect agrobiodiversity are 

generally paid to individual landowners. This provided the incentive for the first part of 

this study, the aim of which was to develop a nature value index for pastoral farmland 

in the west of Ireland. This index could then be used by the Irish government as a first 

step to determining those farms which are HNV, thereby ensuring that  payments for 

protecting biodiversity could be targeted at these farms. Using data from 30 farms, a 

simple 10 point nature value index was developed following a five step statistical 

process (1. Non-metric Multidimensional Scaling (NMS); 2. Cluster Analysis; 3. 

Principle Components Regression; 4. Index development; 5. Index validation using 

data from 60 additional farms in the west of Ireland). This index is based on three 

easily accessible datasets i.e. a) percentage improved agricultural land; b) stocking 

density (Livestock Units / ha of the Utilisable Agricultural Area), both of which are 

already recorded by the Department of Agriculture; and c) length of linear habitats per 

ha on a farm which can be easily calculated using aerial photographs. Based on this 

research, farms scoring greater than 4.5 using this index could be classed as HNV 

farms with the advantage that the datasets used to determine this index can be accessed 

without visiting the farm, thereby providing a rapid method in the first step to 

determining HNV farms.  

The second part of this study deals with assessing the biodiversity value of farm 

habitats at a local scale given that certain parts of the farm will have greater 

biodiversity value than others. Since farmland in the west of Ireland is predominantly 

pasture based, the ecological status of grasslands is of great importance for 

biodiversity. Given that previous research has indicated that wet grasslands in the west 

of Ireland are particularly important for biodiversity, these were selected for further 

study. As it is not possible to undertake an investigation of the diversity of all animal 

and plant groups, the purpose of this investigation was to determine whether a single 

taxon or group of taxa could be used with confidence to rapidly assess the biodiversity 

of wet grasslands. Grasses (Poaceae), sedges (Cyperaceae), rushes (Juncaceae), ground 

beetles (Coleoptera) and marsh flies (Diptera) were identified to species and Diptera to 

parataxonomic units (PTUs) on 17 farms. Sedge species richness was the most 

significantly correlated taxon with overall species richness of the remaining taxa in that 

it was able to predict 46% of the richness of the other six taxa examined. In addition, 

the species richness of sedges and carabids as a pair could predict 55% of the richness 

of the remaining taxa. While it can be argued that using a single taxon or pair of taxa 

does not reflect fully the total species richness of the remaining taxa, they can be used 

(while cognisant of their limitations) to make basic essential assessments of wet 

grasslands for the purposes of monitoring in the context of farm payments. To wait 
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until comprehensive surveys are undertaken, unlikely given the significant costs 

involved, would be to risk loss of biodiversity of these sites due to agricultural 

improvement or abandonment.  

The third and final part of this study investigates those factors which affect plant, 

carabid and Diptera assemblages in wet grasslands with a view to determining 

appropriate land management practices for HNV wet grassland. The results indicate 

that basing HNV wet grassland management strategies on plant species alone (a 

common occurrence in habitat management due, in part, to limited resources) would 

not take into account the requirements of the carabid and Diptera fauna. While grazing 

was found to be important for all taxa studied, of particular importance to the 

invertebrate groups is percentage cover of bare ground and dead vegetation in addition 

to the presence of ruderal plants and Ellenberg salt. These features play key roles in the 

life-cycles of a range of invertebrate species and recommendations from this study are 

that these elements be incorporated in the management prescriptions for HNV wet 

grasslands in the future. 
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1.1 General Introduction 

1.1 Farming and Biodiversity 

Modern agriculture implies a simplification of the environment, replacing biodiversity 

with cultivated plants and domesticated animals. Globally, most landscapes have been 

altered by agricultural activities such as annual crop monocultures, temperate perennial 

orchards, grazing systems, mixed cropping systems, paddy rice systems and agro-

forestry (Hodgson et al., 2011). These agricultural practices are dependent on a variety 

of ecosystem services including pest control, pollination and soil fertility (Altieri, 

1999; Nicholson et al., 2009; Power, 2010). However, the intensification of 

agricultural systems can reduce certain ecosystem services (Nicholson et al., 2009; 

Tilman et al., 2002) and can lead to a loss of biodiversity with implications for the 

future sustainability of agriculture (Tscharntke et al. 2005; Billeter et al. 2008; Sullivan 

et al. 2010).  Sustainable agriculture has been described by Tilman et al (2002) as a 

form of agriculture that can meet the current and future needs of society for food and 

fiber, ecosystem services and healthy lives when all costs and benefits of the practices 

are considered. An important feature of sustainability is the capacity of the farming 

system to maintain yield (to feed increasing populations) over time within a broad 

range of conditions. Most concepts of sustainable agriculture require both continued 

yield and the avoidance of environmental degradation with inevitable biodiversity loss 

(Tilman et al., 2002). The two demands are often pictured as mutually incompatible as 

agricultural production depends on resource use and environmental protection requires 

conservation of biodiversity. 

Biodiversity is a complex concept with attributes, such as species richness , abundance, 

trophic levels, that can be measured in various ways (Buckland et al., 2005; Jeanneret 

et al., 2003). Relations between biodiversity and land-use are generally multifaceted 

(Nilsson et al., 2013) and may vary with the scale at which they are measured (local 

versus landscape scales). In addition, environmental conditions, specific management 

practices and ecological interactions have to be taken into account (Büchs, 2003a). 

Extensive farming practices over long periods of time have contributed to the 

biodiversity of rural areas by providing  habitats of ecological value, semi-natural 

features and linear habitats (Marini et al., 2011). However, in recent decades, extensive 

farming systems have been increasingly replaced by more commercial, industrial 

farming in many regions across the world (Marini et al., 2011). Where the potential for 

intensification is limited and farming is marginal in economic terms, other changes are 

taking place, such as farms being abandoned or planted with forestry (Renwick et al. 

2013). During the last century, palaearctic grasslands have experienced a dramatic loss 

in area, mainly on productive sites. In the UK semi-natural grassland has greatly 

declined in area since 1945, with losses of around 90% in the UK’s lowlands. 

Currently, only 2% of the UK’s grassland area is high diversity grassland (Bullock et 

al., 2011). Loss of traditional management practices meant the utilization of semi- 

natural grasslands was largely given up and they either developed into shrub lands or 

forests through natural succession as in the 59–94% of the alvar grasslands in Estonia 
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(Helm et al., 2006) and significant parts of the Bulgarian mountain grasslands were 

planted, often with non-native species (Vassilev et al., 2011). In 2010, 634,090 km2 of 

the area of the 28 member states of the  European Union (plus Iceland, Norway, 

Switzerland and Montenegro) were covered by agriculturally used grasslands (semi-

natural and intensive), corresponding to 13.1% of the total surface or 35.3% of the 

utilized agricultural area (UAA). Permanent grasslands constitute a particularly high 

fraction of the territory in Ireland (58%) and the United King- dom (45%). Benelux, 

Portugal, Spain, Greece, Austria and Romania all fall in the range 16–26% (Eurostat, 

2013). 

1.2 European Policy Context 

Agricultural practices have shaped the landscapes of Europe over the last 8000 years 

resulting in a landscape that is high in biodiversity (Price 2000; Pinhasi et al. 2005). 

Since the signing of the Treaty of Rome and the consequent introduction and 

implementation of the Common Agriculture Policy (CAP) in 1957 the agriculture 

sector has seen increased intensification and land use change addressing food security 

in Europe. By the 1980s food mountains were building up in Europe with negative 

impacts in terms of pollution and biodiversity loss. These impacts, exacerbated by the 

loss of traditional farming practices to intensive agriculture throughout the EU has led 

to: soil erosion, water pollution, over-exploitation of water resources and the loss of 

biodiversity (Donald et al., 2001; Reidsma et al., 2006; Tscharntke et al., 2005). There 

is urgent need to counteract this damage and develop sustainable agricultural systems 

that can meet the needs of growing world populations both in terms of food production 

and wider ecosystem services (Tilman et al., 2002). Sustainable agricultural 

management practices need to be designed to support these management systems that 

meet the needs of society for a wider range of ecosystem services including 

production, regulatory, support, cultural and aesthetic services (Purvis et al., 2009). 

There are varying degrees of trade-offs between these varying ecosystem services. To 

achieve a sustainable agricultural system in any region or country decisions need to be 

made and incentives designed to maximize the provisions of ecosystem services 

(Power, 2010). Key to the provisioning of many ecosystem services in agricultural 

landscapes is the maintenance of semi-natural ecosystems and their associated 

biodiversity (Rey Benayas and Bullock, 2011). The European Union (EU) has an 

active rural development policy that recognizes the range of farmland and landscapes 

that give Europe its character and the many significant challenges that face farmers 

across these rural areas. Several EU policy documents such as the EU Regulations on 

Rural Development acknowledge the value of biodiversity (associated with low 

intensity farming) as a major contributor not only to sustainable farming but also to the 

provision of public goods and services. It was intended that the Common Agriculture 

Policy (CAP) should favor low-intensity farming systems throughout the EU territory 

and this was to provide the basis for biodiversity conservation across Europe. The 

protection of farmland and agricultural landscapes is supported by CAP mainly 

through agri-environmental (AE) schemes co-funded by the (EU) and Member States 
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(MS). However, after reviewing sixty two evaluations of agri schemes originating from 

five European countries and Switzerland, Kleijn and Sutherland (2003) concluded that 

the measures in place to support and encourage environmentally friendly farming such 

as agri-environment schemes were not fulfilling their objectives. Studies in France on a 

national basis, on the response of breeding birds to agri-environmental schemes linked 

to extensive grazing concluded that lack of specific targeting may have diluted the 

beneficial effects of some measures (Princé and Jiguet, 2013) 

The Common Monitoring and Evaluation Framework (CMEF) measures the 

performance of CAP by monitoring the evaluation of direct payments, market 

measures, rural development measures and the application of cross compliance 

measures (Rural Development 2007-2013. Handbook on Common Monitoring and 

Evaluation Framework Guidance Document, 2006).While the CMEF provides a 

strategic and comprehensive approach to agri-environment scheme evaluation, there 

are no agreed methodologies to track change on European farms. The CMEF states that 

common indicators (such as Input indicators which measures expenditure per measure 

implemented, Output indicators which measure activities realized such as training or 

investment support and Result indicators which give information on direct benefits 

such as number of jobs created) may not fully reveal all effects of programme activities 

especially for national priorities and site-specific measures, and it may be necessary for 

MSs to define additional indicators within their own individual programmes (Rural 

Development 2007-2013. Handbook on Common Monitoring and Evaluation 

Framework Guidance Document, 2006). Such additional indicators should be 

developed by MSs in a flexible manner and in accordance with the general principles 

governing the use of indicators in the CMEF.  

In parallel with the CMEF, the Organization for Economic Cooperation and 

Development (OECD) has developed a conceptual framework and indicators that help 

governments monitor progress towards green growth. The key message of the Green 

Growth Strategy is that the environment and the economy can no longer be considered 

in isolation and that environmental considerations need to be an inherent part of future 

economic policy making and development planning. In the view of the OECD (2013), 

the setting and implementation of agri-environmental targets is strongly dependent on 

local farming and production systems, agricultural structures, traditions and social 

factors; and their application is often highly regional or even farm-specific (OECD, 

2013). An analysis of "green growth" indicators has been carried out by the OECD and 

it has highlighted deficiencies in the information base stating that efforts are needed to 

improve information with particular mention of information on biodiversity. Any 

harmonized system of evaluation for Europe’s AE-Schemes therefore needs to 

facilitate a flexible process that is able to reflect the great variety of conditions and 

resulting agri-environmental priorities across Europe (Purvis et al., 2009). Indicators 

for the rapid identification of key areas of high nature value (associated with on-farm 

biodiversity) to inform spatial targeting of incentives for farmers at farm level and 

eligibility for support payments should depend on simple criteria applied at the level of 
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the farm holding (Andersen et al., 2007, 2003). A biotic index would be useful in 

indicating the nature value status, as it relates to biodiversity, of a farm and could also 

be used to determine how it changes over time. Such an index should have the 

potential to be incorporated into broader indices for the assessment of farm level 

sustainability.  

1.3 Irish agriculture and the environment 

Farming in Ireland has always played an important role in Irish society and European 

policies have influenced farming practices in Ireland since accession to the EEC 

(European Economic Community) in 1973. Historically policies such as the Farm 

Modernization Scheme (1994), Headage Payment Scheme (1995), Western Drainage 

Scheme (1997) had a major environmental impact through widespread wetland 

drainage, land reclamation, unsustainable grazing practices and scrub and hedge 

clearance. In the 1970s and 1980s, agriculture schemes and payments concentrated on 

bringing more land into production and promoting intensification to stimulate output 

(Colleran et al., 1999). They had a major impact on habitats, water quality, the 

landscape and the archaeological heritage. Nature conservation legislation was either 

incapable of addressing agricultural development or was not used to minimize its 

environmental impact (Colleran et al., 1999). Water pollution legislation was 

beginning to be applied more effectively by the late 1980s following a rise in the 

number of agriculture-related fish kills (Feehan et al., 2005). In the early 1990s, 

environmental issues began to take on more significance in agriculture schemes, 

mainly to comply with EEC directives. In 1992 the McSharry CAP Reforms were 

introduced and they were extended by Agenda 2000 which introduced cross-

compliance (payments were conditional on consideration for the environment). Agenda 

2000 allowed for the adaptation of CAP to national and regional circumstances and  for 

national discretion (Robinson, 2004).  

An agri-environment scheme in the form of Rural Environment Protection Scheme 

(REPS) was introduced in Ireland in 1994 alongside several European Directives such 

as Birds Directive (79/409/EEC), Nitrates Directive (91/676/EEC), Habitats and 

Species Directive (92/43/EC), Water Framework Directive (2000/60/EC) and Soils 

Directive (2004/35/EC) to encourage conservation of biodiversity and protection of the 

environment. REPS continued from 1992 to 2009 (in the form of five year plans 

(REPS 1, REPS 2, REPS 3, REPS 4). REPS was closed in 2009 and at that time had 

62,000 participants accounting for approximately 50% of Utilisible Agriculture Area of 

Ireland (Teagasc, 2012). It was replaced by the Agri-environment Option Scheme 

(AEOS). The main aim of these schemes is to incentivize farmers to promote 

environmentally friendly practices. 

Irish agriculture farmland is comprised of many landscape types with a wide range of 

habitats, upland peatlands , coastal machair , lowland wet grasslands, woodlands and a 

variety of linear habitats, all shaped by land use and regional characteristics. This 

variety of habitats is important for biodiversity in farmed landscapes. However, 
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grasslands cover over 60% of Ireland and forms the basis for the Irish grass-based 

system of farming. These grasslands are classified using Fossitt (2000) which is 

probably the most widely used grassland classification system in Ireland. It is a habitat 

classification which uses soils, geology and landscape features, in addition to plant 

communities, to define each habitat and presents a simplified and standardized way to 

classify grassland habitats in Ireland. The five Fossitt (2000) habitat categories directly 

relevant to Irish grasslands are as follows: GA1-Improved agricultural grassland which 

is intensively managed grassland that has been reseeded and / or regularly fertilised 

and is heavily grazed or used for silage. GA2 - Amenity grassland. GS1 - Dry 

calcareous and neutral grassland. This encompasses all unimproved and semi- 

improved dry grasslands on both calcareous and neutral soil. It is associated with free- 

draining mineral soils and low-intensity agriculture. GS2 - Dry meadows and grassy 

verges. This habitat is found on free-draining mineral soils. The management is 

different from that in GS1 in that the grassland has little or no grazing but instead is 

managed primarily by mowing. GS3 - Dry-Humid acid grassland: these grasslands are 

unimproved or semi-improved grasslands that are found on free draining acid soils that 

may be dry or humid but not water logged. GS4 - Wet grassland: this habitat type is 

found on poorly drained mineral and organic soils and includes grassland that is 

seasonally or periodically flooded. It encompasses a range of wet grassland types, from 

wet rush pasture to callows (Fossitt, 2000)  

An Irish semi-natural grasslands survey (ISGS) was recently undertaken between 2008 

and 2012 (O’Neill et al., 2013). Data on the semi-natural grassland habitats surveyed 

(using the Fossitt (2000) habitat classification) shows that by far the most abundant 

habitat recorded during the ISGS was wet grassland (GS4) which covered 55% of the 

surveyed area (23,000ha). Grazing was by far the most frequent management activity 

and was recorded on 91% of sites (O’Neill et al., 2013). Studies of grassland often 

focus on species rich semi-natural grasslands leaving moderately species rich 

grasslands (semi-improved ) at risk (Plantureux et al., 2005). While these grasslands 

indicate less intensive management practices (Sullivan et al., 2010) and remain 

valuable for biodiversity in Irish farmland, they do not fit into any designation category 

and consequently are not afforded any protection. Semi-natural wet grassland habitats 

which are probably the least modified of semi-natural habitats on Irish farms due to 

climatic, topographic or economic reasons,  are present on a high proportion of Irish 

farms particularly in the West of Ireland (O’Neill et al., 2013). These grasslands are 

also likely to play an important role in the identification of High Nature Value (HNV) 

farms.  

1.4 High Nature Value (HNV) Farming 

High Nature Value farmland occurs where agriculture is usually the dominant land use 

and is associated with either a high species or habitat diversity or the presence of 

species of European concern or both of these (Andersen et al., 2004).Traditional 

farming systems and practices have shaped and maintained many of the semi-natural 

habitats which are associated with these areas (Bignal and McCracken, 1996). The core 
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of the HNV farmland concept is the link between biodiversity with farmland habitats 

and low intensity farming. Many areas of HNV farmland are found in mountainous and 

marginal regions where intensification of farmland is neither possible nor viable. As a 

consequence these farms are vulnerable to abandonment and/or afforestation and they 

are gradually disappearing with the associated loss of biodiversity. Commitments to 

the conservation of HNV farmland were established in the 1998 EU Biodiversity 

Strategy. Conserving HNV farmland, and preventing its abandonment or 

intensification is considered by the European Commission as a key action for 

biodiversity. In the Kyiv Resolution on Biodiversity (2003), the European 

Environment Ministers agreed to identify HNV farmland and to put adequate 

conservation measures in place. Consequently, HNV farmland was incorporated in the 

Rural Development Plan (2007-2013) for all EU Member States. 

There are no specific rules or criteria at European level for the identification of HNV 

farmland and each MS is allowed to interpret the concept and apply it on an individual 

basis. However, according to the Guidance Document HNV farmland is characterized 

by: low intensity of land use, the presence of semi-natural vegetation and the presence 

of a landscape mosaic (Cooper and Beaufoy, 2009). HNV farmland has been divided 

into three types of farmland (Andersen et al., 2004): Type 1- farmland dominated by 

semi-natural vegetation; Type 2 -farmland dominated by low intensity agriculture or a 

mosaic of habitats, both semi-natural and cultivated land and small scale features; and 

Type 3 - farmland which supports rare species or species of European conservation 

concern (Figure 1) (Andersen et al., 2003). 

 

Figure 1 Schematic representation of types of HNV farmland (Beaufoy 2008)  
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 The two main reasons for identifying HNV farmland is to be able to calculate the 

extent of HNV farmland so that it can be monitored in the future and to enable the 

targeting of support measures for these areas. 

1.5 HNV farmland in Ireland. 

HNV farmland is not a legal nature designation and the concept of HNV is a more 

holistic view of farming than the separation of small protected sites from the overall 

farm system. The concept of HNV farmland has been recognized since the 1990s 

(Bignal and McCracken, 1996) and was incorporated into the Rural Development Plan 

(2007-2013). Due to the different ecological and environmental circumstances in each 

MS, discretion is given to authorized bodies at the national level. This has contributed 

to the urgency for MSs to develop methodologies for measuring the extent and quality 

of HNV farmland in their own countries. Advice and assistance to MSs was issued in 

the form of the Guidance Document (Cooper and Beaufoy, 2009). The identification of 

HNV farmland in Ireland is the initial step in the process of support and monitoring 

such areas. Land cover (using Corine, land cover data with a resolution of 25ha units), 

farming systems (six farming systems were outlined and they included cropping 

systems, permanent crops, off-farm grazing systems, permanent grassland systems, 

arable grazing livestock  and other systems) and species distributions maps were 

identified as potential to act as indicators of HNV farmland (Andersen et al., 2004). 

These methods were used in combination in some European countries to draw up maps 

of potential HNV farmland areas. However, these methods do not transfer well to the 

Irish situation. For example, more than 50% of Irish farms are smaller than the 25ha 

Corine resolution and it is expected that many of these smaller farms fit the criteria of 

HNV farmland . Even though the majority of Irish farms are permanent grasslands, 

using a farming system approach in isolation would not give an accurate estimation of 

the HNV status and all types farming systems such as arable and crop systems must 

also be considered. This system also takes no account of commonage which is 

important in the HNV context. With the species based approach it is possible for more 

intensive farmland to continue to support important populations of species of 

conservation concern, even if its characteristics of farming intensity and land cover do 

not suggest HNV farming and this method would be useful for the identification of 

HNV Type 3 farmland. Of the three types HNV Type 2 farmland is more difficult to 

identify than HNV Type 1 and HNV Type 3 because it is more difficult to elicit the 

value of small scale features and semi-natural habitats in a mosaic on farms without 

field based studies. 

The identification of HNV in Ireland is the subject of extensive on-going debate and 

research. The Heritage Council has grant-aided the European Forum for Nature 

Conservation and Pastoralism (EFNCP) to undertake work on HNV farmland since 

2010. EFNCP is the only European organization that focuses on the maintenance of 

low intensity livestock farming. This type of farming is widespread on less productive 

land and typically uses semi-natural habitats and pastures. They have produced three 

reports on how HNV farming can be supported; in the Aran Islands, North Connemara 
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and the Iveragh Penninsula. In addition, the publication of High Nature Value Farming 

in Europe (2012) provides a comprehensive introduction to the subject of HNV. It 

outlines how the concept of HNV can be applied across 35 European States, using 

local knowledge, and it includes a chapter on the Irish situation (Oppermann et al., 

2012) The work of EFNCP is in collaboration with a number of academic institutions 

and organisations including the National University of Ireland Galway (NUIG), Sligo 

Institute of Technology (Sligo IT), University College Cork (UCC) and Teagasc. The 

IDEAL-HNV (Identifying the Distribution and Extent of Agricultural Land of High 

Nature Value) project headed by Sligo IT and Teagasc will identify the extent of HNV 

farmland in Ireland, the characteristics of HNV farmland and the threats to HNV 

farmland. It will also address knowledge gaps for policy makers  and develop bottom-

up support tools, such as indices, bioindicators or surrogates to assist field and farm 

scale identification of HNV farmland.  

1.6 Biodiversity Indices and bioindicators 

There is no single indicator for biodiversity (Duelli, 1997). Consequently the use of 

any index, surrogate or bioindicator implies the use of "short cuts" or rapid attempts at 

evaluation (Moreno et al., 2007). The choice of indicators depends on the aspect or 

entity of biodiversity to be evaluated (Buckland et al., 2005; Carignan and Villard, 

2002). Each biodiversity index for a particular value system should consist of a basket 

of methods with one or several concordant indicators. In order to achieve greater 

reliability and a broader acceptance, indicators have to be tested for their linear 

correlation (Osinski et al., 2003) with a substantial and quantifiable portion of the 

entity that they are expected to assess (Duelli and Obrist, 2003a) A great variety of 

indices have been proposed covering different aspects of ecological interactions in 

farmland (Blüthgen et al., 2012; Oppermann, 2003; Purvis et al., 2009). A terrestrial 

index, covering several key interactions would be useful for farmers, managers and 

policy makers to ensure effective management actions and policy decision making. 

Such a composite indicator or index is an aggregate of the individual indicators and 

variables used. Put simply a composite indicator or index synthesizes the information 

included in a selected set of variables (Nardo and Saisana, 2005). The output of a 

composite indicator or index could be a set of scores indicating the relative 

performance of a farm within a set of farms. An index therefore can be described as a 

measure of similarity between entities (Nardo and Saisana, 2005). Such an index 

should be flexible and measurable (Andersen et al., 2004) and should be seen as a 

starting point for initiating discussion.  

Indicators for the rapid identification of key areas of high nature value (associated with 

on-farm biodiversity (Andersen et al., 2004)) to inform spatial targeting of incentives 

for farmers at farm level, and eligibility for support payments, should depend on 

simple criteria applied at the level of the farm holding. A biotic index would be useful 

in indicating the nature value status, as it relates to biodiversity of a farm and could 

also be used to monitor how it changes over a period of time. Furthermore, the 

inclusion of farmers in the assessment procedure is important so that they can be aware 
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of the effects the measures that they are applying can have on the biodiversity of their 

farm (Kleijn et al., 2011; Oppermann, 2003). Such an index should have the potential 

to be incorporated in broader indices for the assessment of farm level sustainability  

Bioindicators are considered a cost-efficient, rapid methodology or 'short-cut' for the 

evaluation of habitats. By using bioindicators it is possible to assess the impact of 

human activities and management on the biota, instead of examining the entire biota. 

Bioindicators can be divided into three categories corresponding to the their three main 

uses (McGeoch, 1998): (1) An environmental indicator is a species or group of species 

that responds in a known way to environmental disturbance or to a change to 

environmental state; (2) An ecological indicator is a characteristic taxon that is 

sensitive to identified environmental stress factors, demonstrates the effects of the 

stresses on biota and the response of which is representative of the response of at least 

a subset of other taxa in that habitat. (3) The term biodiversity indicator is used when 

referring to measurable parameters or variables of biodiversity. Here species richness, 

or some other diversity measure, is used to estimate the species richness of other taxa 

(McGeoch, 1998). In short, the definition of a biological indicator would therefore be a 

species or group of species that easily reflects the abiotic or biotic state of an 

environment, represents the change in a habitat, community or ecosystem or the 

diversity of a subset of taxa or of the wholesale diversity within an area (McGeoch, 

1998). 

In biodiversity surveys, bioindicators are used to assess species richness of the 

community within an area. Using only a few species groups and estimating diversity of 

total biota e.g. through extrapolation is a quick technique (Collwell and Coddington 

1994). Guidelines for planning the collection of biodiversity data exist and the rigorous 

testing approach advocated by Paoletti (1999) include the following: 1. Preliminary 

assessment; 2. Planning of sites to be sampled i.e. disturbed /less disturbed; 3. Simple 

collection system in that “the simpler the collection system, the better the data 

collected” (Carignan and Villard, 2002; Paoletti, 1999). Use of indicators in 

biodiversity studies can generally be placed in two different categories which differ in 

their objectives. Inventory studies document the spatial distribution of biological 

elements such as populations, species, guilds, communities and ecosystems (Kremen, 

1992). Monitoring studies evaluate changes in habitats over time, such as habitat 

degeneration and high priority for potential indicators is placed on indicators which are 

sensitive to environmental change (Kremen, 1992). The challenge in monitoring 

studies is to separate variation in baseline condition that is due to human disturbance 

from that of natural fluctuations in population parameters (Noss, 1990).  

The efficacy of indicators of biodiversity have been the subject of much criticism 

because both significant relationships between taxa or species (Sauberer, 2004) and no 

relationships between taxa or species (Lawton et al., 1998) have been reported. 

Consequently, the use of indicators of biodiversity has developed and the current 

approach in which there is a statistically significant correlation between taxa (which 
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implies that the species richness of one taxon is indicative of the species richness of the 

other groups) is a prerequisite for use (Duelli and Obrist, 2003a, Moreno et al., 2007). 

However, there is no agreement on the correlation strength that is required for a 

suitable indicator (Lovell et al., 2007; Pearman and Weber, 2007). Dollar et al (2014) 

considered correlations of ρ ≥ 0.75 to be suitable; ρ ≥ 0.5 up to ρ = 0.75 as marginally 

suitable; and ρ ≤ 0.5 to be unsuitable for consideration as a bioindicator (Dollar et al., 

2014). The relationship between taxa may be either positive or negative, as shown by 

studies in Australia (Pharo et al., 1999).  

According to McGeoch (1998) in studies using ecological bioindication, information 

on the life history characteristics of species and their measured variables should be 

quantified and analysed to interpret responses of the bioindicator and to identify 

environmental changes being indicated by the bioindicator (Dale and Beyeler, 2001; 

Hilty and Merenlender, 2000; McGeoch, 1998). The value of an ecological 

bioindicator can be credited to the response that is attributed to it (Dufrêne and 

Legendre, 1997) and the strength of the correlations of that response indicates the 

predictive value of the ecological bioindicator (Hammond, 1994). The use of 

ecological indicators would be substantially greater if their representativeness of other 

taxa could be demonstrated (Dufrêne and Legendre, 1997; Noss, 1990). Moonen and 

Bàrberi (2008) discussed bioindicators of functional biodiversity (which can be 

described as trophic structure, multi-functionality, spatial or temporal heterogeneity, 

and spatial population dynamics (Hillebrand and Matthiessen, 2009)), in terms of biota 

or groups of biota that can be clustered based on their ecological and life history traits, 

and therefore on their interaction with the agroecosystem. They stated that this results 

in two groups of bioindicators: process-related bioindicators and health-related 

bioindicators, where “process” and “health” relate to the agroecosystem (Moonen and 

Bàrberi, 2008). Process-related bioindicators are most likely organisms at the base of 

the food web that interact with the main agroecosystem processes. Process-related 

bioindicators are likely to be good predictors of how well agroecosystem functioning is 

insured against environmental change (Moonen and Bàrberi, 2008). The health-related 

bioindicator group consists of biota higher in the food web that are often bigger and 

mobile, and they are not strictly related to the productive sub-system, but they use it as 

part of their life cycle. The presence of these mobile organisms does not automatically 

mean that local conditions are suitable and that the population is stable and healthy. 

This means that mobile organisms can be used as bioindicators of certain habitat types, 

but care should be taken not to link interpretations with agrosystem sustainability 

(Moonen and Bàrberi, 2008).  

There are several important criteria to be considered when selecting suitable 

bioindicators for any study (Noss 1990; Faith and Walker 1996). A good bioindicator 

should have a well-known ecology; be distributed over a broad geographic area; have 

specificity to certain habitat requirements; be able to indicate habitat change (Carignan 

and Villard, 2002); be easy and efficient to survey; be independent of sample size; and 

its response should be a sign of the response of other species (McGeoch, 1998). The 
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choice between the selection of a single indicator species and a group of taxa is 

relevant only in environmental and ecological indication (not biodiversity indication). 

Biodiversity indication uses groups of taxa because the variables are numbers such as 

numbers of species or numbers of functional groups (McGeoch, 1998). There are many 

factors affecting species diversity and it is uncommon that only one species or taxon 

would adequately predict the whole diversity of the biota (Duelli and Obrist, 2003a, 

Hammond, 1994). In contrast in ecological and environmental studies the indication 

variables may be population, morphological or physiological characteristics. Groups 

may be selected on either a taxonomic or functional basis. The use of higher-level taxa 

rather than species is frequently advocated because of the expense of species 

identification by experts. Taxonomic groups include groups of species such as tribes or 

assemblages that may not necessarily have any taxonomic affinity (Hammond, 1994). 

Functional groups such as guilds or trophic levels may also reveal interesting 

information (Paoletti, 1999) but it has to be recognized that there may be difficulty in 

the delineation of such groups (Noss 1999; Duelli and Obrist 2003b). 

Hammond (1994) advocates the use of “shopping basket” of suitable taxa because 

more often than not it is difficult to identify a single taxon that fulfills all the criteria 

necessary for the required bioindicator. In some cases, according to Paoletti (1999), 

instead of focusing on a few indicator species, more reliable information can be gained 

from studies of a set of species, or one of higher taxon with measurements made not at 

the level of presence/absence but as numbers, biomass and dominance (Paoletti, 1999). 

Another type or surrogate for species identification is non-specialist identification of 

taxa in taxonomic units based on morphological differences i.e. Parataxonomic Units 

(PTUs). This approach reduces the accuracy of specimen identification but when 

performed by the same people, these surrogate PTUs provide good information of 

general patterns at a local scale (Moreno et al., 2007) 

1.6.1 Temporal and spatial scale 

Spatial and temporal scales are important factors in the selection of bioindicators for 

any study (Lindenmayer et al., 2002). Most researchers recognize that the spatial scale 

at which species diversity is assessed may influence relationships among taxa (Oertli et 

al., 2005; Pearson and Carroll, 2001). At the local scale, disturbance (such as grazing 

or mowing) and resource (food, shelter) availability are likely to be more important 

than at the broader scale where factors such as climate change are likely to be more 

influential (Heino et al., 2009).The importance of studying correlations among taxa at a 

small local scale has been recognized and should not be underestimated (Vera et al., 

2011) because this is the scale on farms at which conservation and management 

planning and actions such as agri-environmental schemes are mostly undertaken, and 

therefore the scale at which suitable bioindicators would be of most practical value. 

Therefore, with the objective of any study in mind, the scale at which the impacts 

under study operate and the scale at which it is likely to have an effect on the potential 

indicator taxa, will inform the most appropriate scales within which the study should 

be conducted (McGeoch, 1998).  
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1.7 Plants, Carabids, and Dipera as bioindicators 

Indices and indicators are useful to describe the status quo of taxa in semi-natural 

grassland habitats but they need to be supplemented by studies that investigate the 

factors affecting these taxa. The identification of relevant factors contributes to a better 

knowledge of the ecology of both plants and invertebrates. This knowledge allows for 

improved scientific rigor to underpin recommendations, with regard to the 

management of important habitats, to be made to help preserve the biodiversity of 

those habitats (Billeter et al., 2008). Some authors suggest that species’ abundances or 

the occurrence of certain sensitive species should be investigated in relation to habitat 

and landscape factors before management and conservation plans of semi-natural 

pastures are made (Söderström et al., 2001). Other studies point to the importance of 

teasing out the different causal factors in biodiversity, for instance the 

interrelationships among soil, plant and insect communities pointing out that 

interactions between biotic and abiotic processes can complicate the interpretation of 

ecological studies (Huston, 1997). According to De Bruyn (2001) failure to analyze all 

possible components in any system may lead to spurious conclusions with regard to 

cause and effect relationships (De Bruyn et al., 2001). However, it is well recognized 

that it is not feasible or possible to isolate all factors that affect biodiversity of an 

individual species so we must settle on the overriding variables in our attempts to 

mitigate any negative effects and prioritize management efforts to enhance biodiversity 

(Rösch et al., 2013).The factors affecting the biodiversity of commonly occurring 

individual taxa of grasslands has been the focus of numerous studies and further detail 

of these is given in Chapters 2, 3 and 4 of this thesis.  

1.7.1 Factors affecting Plants 

Wesche et al (2012), for example, investigated central European plants in five regions 

in Germany to compare data available from 1950/1960 and 1990 with data available in 

2008. Their findings from this long term study revealed that plant community 

composition changed in all five study regions during the 50 year period, which was 

related to increasing Ellenberg indicator values for nutrient availability. Species 

richness at the plot-level fell by 30–50% over the period with indications of a steady 

trend towards more species-poor grassland communities dominated by mow-tolerant, 

nitrogen-demanding competitive grasses. Species with more ruderal strategies, species 

flowering early in the season and insect-pollinated herbs all decreased. This highlights 

the growing need for adequate grassland management schemes with low nitrogen input 

to preserve high-nature-value grassland (Wesche et al., 2012). Duprè et al (2010) who 

studied plant species richness over 70 years on acidic grasslands in Great Britain, the 

Netherlands and Germany found that the most important explanatory variables 

affecting plant species and composition were soil acidity, patch size and cumulative 

Nitrogen deposition (Duprè et al., 2010). Over a three year period, Herbst et al (2013) 

studied the effects of the management and intensity of land use on meadows, mown 

meadows and pastures in three regions in Germany. They concluded that fertilisation 
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and mowing as opposed to grazing altered plant structure and decreased plant species 

richness (Herbst et al., 2013). 

1.7.2 Factors affecting Carabids 

Blake et al (1996) noted that the carabid fauna of all types of managed grassland 

subject to grazing and fertilisation were less species rich and less diverse than the 

fauna of neighboring unmanaged sites. In addition, Grassland carabids are affected by 

habitat fragmentation with species of low dispersal ability absent from small fragments 

(<75ha) (de Vries et al., 1996) and they have been shown to be sensitive to 

environmental factors such as temperature and humidity in grasslands (Butterfield, 

1996) . Carabid fauna on turlough wet grasslands indicate that carabid beetle 

community composition is sensitive to changes in both the hydrological regime and 

vegetation structure (Moran et al., 2012). Buri et al (2013) examined the effect of 

cutting regimes on field invertebrates (orthopterans in particular) in extensively 

managed meadows and stated that relatively minor changes in the timing of cutting 

practices and leaving uncut refuges had a positive effect on field invertebrate 

biodiversity in a short period of time (Buri et al., 2013). Brooks et al (2012) examined 

trends in carabid beetles over a fifteen year period (1994-2008) in twelve terrestrial 

sites, covering a range of habitats, regions and climatic variation in the UK. Their 

results indicate very significant loss of biodiversity of carabid species. They suggest 

local changes in habitats are just as important if not more important as wider-scale 

factors in driving trends. They state that their results suggest that carabids perceive 

their environment at fine-scales of microhabitat variation and select niches accordingly 

(Niemela et al., 1992), increasing evidence that management of microhabitats is a key 

tool for manipulating and conserving biodiversity (Brooks et al., 2012). 

1.7.3 Factors affecting Diptera 

Diptera families as a group have not been well studied. Difficulty with sampling 

habitats and species identification challenges may be responsible for their exclusion 

from many wetlands ecology studies (Keiper et al., 2002). In addition to this, even 

though the ecology of species belonging to many Dipteran families is not well known, 

they are likely to contain species that have intimate associations with wetland plants 

and are therefore restricted to the habitats that support their preferred host plant 

(Keiper et al., 2002). According to Keiper et al (2002) dipteran microhabitat specificity 

may also be driven by specialization for the consumption of distinctive food sources by 

herbivores, parasitoids and certain predators. Several dipteran families of wet 

grasslands have also been studied. In particular, marsh flies (Diptera: Sciomyzidae) 

were studied by (Williams et al., 2007) who concluded that vegetation structure and 

hydrological conditions influence their diversity. (Maher et al., 2014) demonstrated 

that sciomyzids respond positively to hydrological conditions with species richness and 

abundance increasing with the depth and duration of flooding whereas plants species 

richness were affected by different parameters i.e. when plant species richness declined 

due to lack of cutting, sciomyzidae species richness increased.. Studies have also 

shown that moderate grazing can enhance the abundance of stem boring Diptera 
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(Chloropidae) on Lolium perenne (Moore and Clements, 1984).In contrast to some 

other Diptera, taxa determination of adult hover-flies (Diptera: Syrphidae) is 

comparatively easy. Ssymank and Gilbert (1993) showed that Syrphidae species with 

zoophagous larvae (which dominate in intensively managed fields due to a high N-

fertilisers input) decrease in abundance with increasing extensification  (Büchs, 

2003b). The effects of vegetation and soil factors on the biodiversity of two soil 

dwelling, saprophagous, Diptera families (Sphaeroceridae and Lonchopteridae) in a 

heathland ecosystem were investigated. The study showed that the distribution of  fly 

species were affected by soil conditions, while the vegetation structure and species 

composition only indirectly influenced the fly communities (De Bruyn et al., 2001) 

Groups of taxa have also been studied simultaneously in habitats to try to determine 

whether they are affected by similar or differing habitat conditions. As an example 

Flohre et al (2011) looked at of diversity of plants, carabid beetles, and birds in 

agricultural landscapes across Europe. Agricultural intensification as indicated by high 

inputs, was negatively correlated with species richness of plants and birds, but not with 

carabid beetles  indicating that agriculture intensification affected species richness of 

different taxa in different ways (Flohre et al., 2011). Many of these studies indicate that 

species/groups of species are affected in different ways by management practices on a 

range of habitat types. Consequently, to successfully develop strategies we need to take 

an integrated approach to the conservation of commonly occurring taxa in semi-natural 

habitats in the agricultural setting if they are to survive. 
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1.8 Scope and objectives 

The identification of HNV remains a serious challenge. Much of the farmland in the 

north-west of Ireland is considered to be of high nature value but remains outside 

designations such as Natural Heritage Areas (NHA), Special Protection Areas (SAC), 

Special Areas of Conservation (SAC). The study area is situated in the west of Ireland 

(Figure 2). This region was selected because it has been identified as an area with high 

potential cover of High Nature Value (HNV) farmland (European Environment 

Agency, 2009). Six electoral divisions (ED) which are the smallest legally defined 

areas in Ireland for which small area population statistics are published, were chosen in 

Co. Mayo (Figure 3). The study area was 19,337ha in size and covered a range of 

landscape types i.e. coastal (C), lowland (L) and upland (U) with a variety of 

topographies, soil types, geology and agricultural intensities. Upland was defined as 

being 150m above sea level after Fossitt (2000). Coastal EDs were defined as having at 

least one boundary along the Atlantic coastline. Twelve percent (60) farmers agreed to 

participate in the study. Thirty of these farmers were randomly selected for study at the 

landscape level. The thirty farms were habitat mapped using ARC GIS 10. Farm 

management data were gathered from participating farmers by questionnaire. The 

biodiversity of a subset of 17 wet grassland habitat was examined by using plants, 

carabids and Diptera. The objectives of the study were to: (1) develop a rapid 

assessment tool for the identification of the quantity and quality of HNV farmland at 

farm level; (2) investigate seven taxa of wet grassland habitats as potential rapid 

indicators of biodiversity at a field scale; (3) to investigate the factors affecting plants, 

carabids and Diptera on wet grasslands to inform recommendations on management 

practices to facilitate the enhancement of biodiversity on these grasslands. 
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Figure 2 Location of counties Mayo, Sligo, Leitrim and Galway with Mayo study area 

indicated 

 

Figure 3 Location of study area in Co. Mayo, Ireland with landscape types of electoral 

divisions indicated 
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1.9 Structure of the Thesis 

 

The structure of the thesis follows a paper based format and consists of three papers 

 

Chapter 1 comprises the Literature review.  

 

Chapter 2 looks at the compilation of a biotic index for the identification of HNV 

farmland using three variables which are easily calculated at farm scale 

 

Chapter 3 looks at seven taxa of wet grassland habitats to investigate the potential use 

of any individual taxa or combination of taxa as bioindicators of the biodiversity of the 

remaining taxa at the local scale. It also looks at the potential of a taxa to be used as a 

tool to differentiate grasslands based on plant species richness 

  

Chapter 4 investigates the factors affecting plants, Diptera and carabids on wet 

grasslands with a view to informing management recommendations to conserve and 

enhance biodiversity of wet grasslands on farms in North west of Ireland. The same 

sites were studied resulting in some repetition within Chapter 3 and 4 

 

Chapter 5 comprises a General discussion, Further research and General conclusions.  

 

Chapter 6 lists all References in the Reference Section 

 

Chapter 7 includes supporting information as Appendices which are referenced in  

chapters 2 and 4. 

 

 

 

 

 

 

 

 

 



	  



Chapter 2: 

Development of a nature value index for pastoral farmland – a rapid farm-level 

assessment.  

 

*Margaret Hayes, *Pamela Boyle, Mike Gormally, James Moran 

(*Joint first authors)  
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Development of a nature value index for pastoral farmland – a rapid farm-level 

assessment.  

2.1 Abstract 

Sustainable agriculture is important for the safeguarding of natural resources (e.g. 

semi-natural habitats, clean water and energy), food production and for the survival of 

rural communities. As part of the EU strategy towards sustainability Member States 

are committed to identifying and protecting areas of agrobiodiversity. Identification of 

the extent and support of High Nature Value (HNV) farmland across the EU was an 

important policy requirement of Member States Rural Development Programmes 

(RDP) (2007-2013) but problems defining the extent of HNV farmland have delayed 

progress to date.  Following a five step statistical process, we developed a simple 10 

point nature value index based on percentage improved agricultural grassland, stocking 

density (LU/ha UAA) and length of linear habitats per hectare on a farm. We propose a 

nature value index which has potential to be applied to a range of pastoral farming 

systems across Europe.  This index is a simple to use, easily accessible identification 

tool based on farm-level data which can be utilised in sustainability indices and HNV 

farmland identification. 

2.2 Introduction 

Agricultural intensification in recent decades has led to a significant decrease in 

farmland biodiversity (Donald et al., 2001; Reidsma et al., 2006). In particular, it has 

resulted in the loss of semi-natural habitats and reduced resources for birds, mammals 

and butterflies in addition to  disrupting pest control and crop pollination (Tscharntke 

et al., 2005). Sustainable agricultural systems are now becoming increasingly 

important to meet the needs of growing world populations, both in terms of food 

production and wider ecosystem services including regulatory, support, cultural and 

aesthetic services (Tilman et al., 2002).While sustainability indices which measure the 

economic aspects of farms have been developed (Pannell and Glenn, 2000; Rigby et 

al., 2001), the social and environmental aspects have proven more difficult to quantify 

(Purvis et al., 2009).  

A number of EU environment policies have been introduced in tandem with the 

Common Agricultural Policy (CAP) since the late 1970s to encourage the protection of 

farmland biodiversity (among other things). These include the Birds Directive 

(74/409/EEC), the Nitrates Directive (91/676/EEC) and the Habitats and Species 

Directive (92/43/EEC). Pillar II of the CAP includes provisions for agri-environment 

schemes and most recently one of the proposed priorities of the Rural Development 

Plan (2014-2020) has included specific reference to restoring, enhancing and 

maintaining biodiversity associated with High Nature Value farmland (Department of 

Agriculture Food and the Marine, 2014). High Nature Value (HNV) farmland 

encompasses farming styles that are positively linked to biodiversity (Andersen et al., 
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2003). There are three types of HNV farmland. Type 1 is described as farmland 

dominated by semi-natural vegetation under low intensity management. Type 2 is 

characterised by farms and landscapes with a lower proportion of semi-natural 

vegetation, existing in a mosaic of arable and/or permanent crops and semi-natural 

features and Type 3, farmland which supports species of conservation concern 

(Andersen et al., 2003).  

All farms in Europe fall somewhere in a continuum from intensive, highly productive, 

low biodiversity farms to extensive, low productivity, high biodiversity HNV farms. 

To date, measuring and monitoring agricultural biodiversity has involved the use of 

various surrogates as indicators of overall biodiversity (Dauber et al., 2003; Henle et 

al., 2008; Samoy et al., 2007). Land cover, species richness and land use intensity are 

some of the main components utilised in various agrobiodiversity indicators. While 

Overmars et al. (2014) has developed an indicator for biodiversity in agricultural areas 

using all three components, it is complex to construct and is an indicator of 

biodiversity at landscape rather than farm level. This method and a number of other 

methods for measuring farmland biodiversity have been developed at landscape scales 

(Aavik and Liira, 2009; Pointereau et al., 2007). However, given that monies to protect 

agrobiodiversity are generally paid to individual landowners, a farm level indicator of 

biodiversity would be more useful for developing and implementing policy incentives 

e.g. agri-environment-climate actions under the CAP. The Nature Balance Scheme 

(Oppermann 2003) is an index which addresses agrobiodiversity at farm level but its 

use of 47 indicators under four sectors makes it complex to undertake and the author 

has suggested that aspects of it may be unreliable and difficult to reproduce.  

This provides the incentive for our study, the primary aim of which is to develop a 

rapid, cost effective and simple index of nature value at farm level. The index which 

we present here (based on Irish farms) could be adapted for use across European 

pastoral systems as a stand-alone index or incorporated into wider measures of 

agricultural sustainability across Member States.  

2.3 Materials and Methods 

This study investigated the relationship among farmland habitat and plant species 

diversity, land cover and land use intensity to develop a composite nature value index. 

The index was compiled using a five step process involving analysis of data collected 

from 30 farms in County Mayo, western Ireland. The resulting index was tested on 60 

farms in in Galway, Sligo and Leitrim (Figure 4A) 
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2.3.1 Study Area 

The study area is situated in the west of Ireland. This region was chosen as it has been 

identified as an area with high potential cover of High Nature Value (HNV) farmland 

(European Environment Agency, 2009). Six electoral divisions (ED), the smallest 

legally defined areas in Ireland for which small area population statistics are published, 

were chosen in Co. Mayo. The study area was 19,337ha in size and covered a range of 

landscape types i.e. coastal (C), lowland (L) and upland (U) with a variety of 

topographies, soil types, geology and agricultural intensities. Upland was defined as 

being 150m above sea level after Fossitt (2000). Coastal EDs were defined as having at 

least one boundary along the Atlantic coastline (Figure 4B).  

Farms were sourced through a combination of cold calling, chain referral sampling 

(Heckathorn, 2002) and consultation with local agricultural advisors. Sixty farmers 

which equated to 12% of farms within the study area were willing to participate in the 

study. From this, 30 farms were selected for surveying using stratified random 

sampling (by landscape type).  Requirements for inclusion in the study were that the 

farm contained less than 20% coniferous plantations and that the land was actively 

farmed. A site was considered actively farmed if it was under continuous management 

such as grazing, mowing, tillage or similar activity which modifies the natural 

environment in some form with the result being the production of goods for the 

Figure 4. A: Location of counties Mayo, Sligo, Leitrim and Galway with Mayo 

study area indicated B: Location of study area in Co. Mayo, Ireland with landscape 

types of electoral divisions indicated 

(A) 

 

(B) 
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common market (adapted from Colreavy, 2012a, 2012b; Eurinco, 2011). All 

participants were interviewed to gather baseline farm management data related to 

stocking density and type, fertiliser use, reseeding, land rental and participation in agri-

environmental schemes.  

2.3.2 Field Survey 

Farm surveys were carried out over a three month period from July to September 2011. 

Farm boundaries, provided by the farmer or their advisor, were digitised using 

ArcGIS® software v. 10.1 (ESRI, 2011). A structured ‘W’ walk was carried out across 

each field within a farm unit recording all habitats and plant species encountered 

(following Sullivan et al. 2010). Rented land was surveyed if it was rented for more 

than five years. During the walk all vascular plants were recorded and abundance 

assigned using the DAFOR scale (Kent, 2011). Plant species data were used to identify 

habitats on each farm and to calculate plant diversity indices. Habitats in each field 

were categorised after Fossitt (2000). Linear habitats (e.g. hedgerows, drainage ditches, 

stone walls) were recorded if they exceeded 20m in length (Smith et al., 2011). Data 

for commonages (such as habitat type and area) were provided by the National Parks 

and Wildlife Service (NPWS). Commonage is land that is in common ownership on 

which grazing, turbary or estover rights are held by two or more farmers (Aglionby et 

al., 2010; Van Rensburg et al., 2009). Commonage in Ireland is typically composed of 

various mosaics of wet and dry heathland, upland blanket bog and upland grasslands. 

Total area of the farm included the area of commonage available to the participating 

farmer based on farm shares within the commonage.  

2.3.3 Data Analysis 

ArcGIS (ESRI, 2011) was used to map all habitat data gathered in the field and was 

used to calculate area of habitats and length of linear habitats for further analysis. 

Statistical analyses followed a five step process and were carried out in PC-ORD v 6 

and SPSS v.20 (IBM Corp., 2011).  

In the first step, Non-metric Multidimensional Scaling (NMS) of farmland habitats was 

carried out to identify patterns in habitat composition across farms. NMS was used as 

it avoids the assumption of linear relationships among variables and allows the use of 

distance measures suited to non-normally distributed data (McCune and Grace, 2002). 

The Sørensen (Bray-Curtis) distance measure was used because the data are zero rich 

and heterogeneous. A second matrix containing a number of explanatory variables was 

compiled (Table 1). 

Table 1 Explanation of environmental and management variables used in exploration 

of NMS ordinations of surveyed farms 

Code Explanation of environmental and management variables 

Ecoregion  Landscape unit 

Fields no Number of fields on farm 

To area Total farm area in hectares 
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To UAA Total area of utilisable agricultural area in hectares 

Hab no Number of recorded habitats 

Hab ex linear  Number of habitats excluding linear habitats 

%imp  Percentage improved agricultural grassland on farm 

%SN Percentage semi-natural habitat on farm 

Spp rich Species richness of the farm excluding linear habitats 

WL(m)  Length of hedgerows and treelines in meters 

WL(m/ha)  Length of hedgerows and treelines in meters per hectare 

FW (m) Length of freshwater linear habitats in meters  

FW (m/ha)  Length of freshwater linear habitats in meters per hectare 

BL Length of stone walls and earthbanks in meters 

BL (m/ha)  Length of stone walls and earthbanks in meters 

 per hectare 

Linear To (m) Total length of linear habitats in meters 

Lin To (m/ha)  Total length of linear habitats in meters per hectare 

LU/ha Livestock Units per hectare 

LU/ha UAA  Livestock Units per hectare of Utilisible Agriculture  Area 

 

These variables were overlain on the ordination. For each of the variables a correlation 

co-efficient with the axis scores was calculated to determine the relationship between 

farmland habitat composition and associated variables (McCune and Grace, 2002).  

The second step used cluster analysis (CA), a hierarchical, polythetic method, to 

identify groups of farms with similar habitat composition. It was carried out using PC-

ORD v.6.  A Sørensen distance measure with flexible beta linkage at β = -0.25 was 

applied. Flexible beta linkage was used as it is compatible with Sørensen distance 

measure and is space-conserving (McCune and Grace, 2002).  

Thirdly, Principal Components Regression (Graham, 2003) was carried out, to 

investigate the relationship between the measured environmental variables which were 

correlated with the NMS ordination axes (r > 0.5) and both farm habitat diversity and 

plant diversity. This was done to identify the most suitable proxy for nature value 

within an index from the measured variables. Due to multicollinearity among the 

environmental variables, Principle Components Analysis (PCA) was used to produce 

ordination axes which are uncorrelated. PCA was carried out in PC-ORD v 6. PCA is 

relatively robust against deviations from multivariate normality, provided the data are 

relatively unskewed (McCune and Grace, 2002). PCA sample scores were used as 

predictor variables in stepwise multiple regression with habitat diversity, habitat 

number, plant species richness and plant diversity using SPSS v. 20. A plot of residuals 

against predictor values showed a random constantly spread scatter of the points which 

indicated linear distribution of the data.  

The fourth step used the results of the above analyses to develop a ten point index for 

the identification of the nature value of farms using three variables. The variables used 
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were assigned a maximum score of 5, 3 and 2, respectively, based on interpretation of 

above analysis. The scores of 5, 3 and 2 were each subdivided into 10 categories. The 

sum of the three scores provides an indication of the nature value of farms ranging 

from 1, suggesting low nature value, to 10, indicating high nature value  

In the fifth step, to verify that the index score relates to habitat and plant diversity the 

sample farms were scored and Pearson correlations between habitat diversity, plant 

diversity and the index scores achieved for individual farms were undertaken using 

SPSS. The index was validated with data available from 13 farms from Co. Sligo, 15 

farms from Co. Leitrim and an independent study on 32 lowland grassland farms 

carried out in east Co. Galway (Sullivan et al., 2010). These 60 farms were scored 

using the nature value index and Pearsons correlations of the index score with habitat 

diversity, habitat number, plant species richness and plant diversity were carried out 

using SPSS.  

2.4 Results 

2.4.1 Farm structure and habitat composition 

A total of 30 farms covering an area of 836.5 hectares were used to develop the index. 

Mean farm size (including commonage) was 27.89ha ± 22.62 (SD) and ranged from 

9.3ha to 121.4ha. Thirty farm habitats (commonage was counted as one habitat, as it 

was not mapped in detail) were identified, with the number of habitats per farm 

ranging from four to 12.  The variation in management intensity, farm characteristics 

and habitat composition across the sample farms are shown in Table 2.  

Table 2 Summary of baseline farm statistics 

Farm Characteristics % of farms (N=30) 

Farms with fields reseeded in last 5 years 53.3 

Farms with rented land (5 years or more) 36.66 

Farms participating in agri-environment schemes 70 

Farms cutting hay 30 

 Mean ± SD 

Total area (ha) 27.89 ± 22.62 

Total utilizable agricultural area (ha) 25.17 ± 21.67 

Number of non-linear habitats 7.40 ± 2.26 

Percentage improved agriculture grassland (%) 29.76 ± 21.09 

Percentage semi-natural habitat (%) 63.99 ± 23.04 

Plant species richness excluding linear habitats 82.26 ± 18.24 

Total length of linear habitats (m) 5549.82 ± 2414.16 

Length of linear habitats in of the farm (m/ha) 241.39 ± 83.50  

Livestock Units per hectare 1.10 ± 0.70 

Livestock Units per hectare of UAA 1.22 ± 0.75 
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Commonage was present on five (17%) surveyed farms. Buildings and artificial 

surfaces were present on all farms. Five grassland habitats were identified. The 

dominant grassland type was wet grassland (GS4) which was identified on 29 (96.7%) 

farms and improved agricultural grassland (GA1) which was identified on 28 (93.3%) 

farms. Dry calcareous and neutral grassland (GS1) occurred on 9 farms, dry meadows 

and grassy verges (GS2) occurred on 2 farms and acid grassland (GS3) occurred on 15 

farms. Scrub (WS1) occurred on 22 (73.3%) farms and woodland (WD1, WD2, WD3, 

WD4 & WD5 combined) occurred on 17 (56.7%) farms. List of habitats encountered 

and explanation of codes are included in Appendix 1 in Supporting Information.   

 

2.4.2 Index development 

 

Step 1: NMS 

NMS ordination of farms in habitat space was undertaken and a 3-dimensional 

ordination was recommended. The final ordination resulted in a final stress of 10.06 

and final instability of <0.0001. From the ordination it is possible to identify groupings 

situated from the positive to negative ends of both axes. Axis 1and 2 explained 35% 

and 32% of the variation respectively (Figure 5) while axis 3accounted for 23% of 

variance in the ordination.   

An overlay of data contained in a second matrix shows the relationship between the 

ordination of the farms and the potential explanatory environmental and management 

variables (Figure 5). 
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Figure 5. NMS ordination of farms in habitat space with environmental and 

management overlays. 

Total utilisable agricultural area (ha) and total area (ha) of the farm have the greatest 

influence on axis 1 whilst axis 2 is strongly correlated with the percentage improved 

agricultural grassland and the percentage semi-natural habitat cover on the farm. 

Livestock units (per ha and per ha/UAA) are also influential on axis 2 (Table 3). 

Table 3 Pearsons correlation (r) between measured environmental and management 

variables and the NMS ordination axes based on decreasing strength of correlations on 

axis 1 

 Axis 1 Axis 2 Axis 3 
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Variable r r R 

Total utilizable agricultural area (ha) 0.822 -0.061 -0.299 

Total area of the farm(ha) 0.813 -0.081 -0.261 

Total length of linear habitats in meters (m) 0.746 -0.059 0.343 

Total length of linear habitats in meters per 

hectare of the farm (m/ha) 

-0.574 -0.107 0.187 

Percentage semi-natural habitat (%)  0.224 -0.867 0.233 

Percentage improved agriculture grassland 

(%)  

-0.204 0.869 -0.235 

Livestock Units per hectare UAA -0.176 0.517 -0.252 

Livestock Units per hectare -0.139 0.535 -0.262 

Number of fields 0.08 -0.06 0.058 

Number of habitats excluding linear habitats -0.038 -0.253 0.068 

Plant species richness -0.016 -0.289 0.33 

Number of all recorded habitats  -0.014 -0.299 0.12 

 

Step 2: Cluster Analysis 

Cluster analysis (CA) was used to group farms by exploring the 

similarities/dissimilarities in habitat composition. CA resulted in 4.75% chaining of the 

data, a natural break which resulted in three discreet groups (A, B and C) being chosen 

as the most appropriate number (Figure 6).  
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Figure 6 NMS ordination of farms showing the separation of cluster analysis groups 

 

Averages of the variable data relating to these groupings were compiled (Table 4) 

Group A farms had an average of 65.9% improved agricultural grassland and average 

livestock units per hectare UAA of 1.9.  This suggests that the farms within this group 

have a medium to low nature value (Reidsma et al., 2006). Characteristics of the farms 

within groups B and C, such as greater proportion of semi-natural habitat cover and 

lower livestock units per hectare, suggest higher nature value. Values in (Table 4) were 

used to inform change points in the index to distinguish between low and high nature 

value farmland.  

Table 4 Farm characteristics of groups identified in cluster analysis grouping level 3 

Cluster Group                                          A  B C 

Number of farms in the group 4 16 10 

Number of fields 11.25±3.2 14±3.96 13.3±5.14 
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Total farm area in hectares 12.7±3.73 17.5±6.4 50.5±26.8 

Total area of utilisable agricultural 

area in hectares 

11.8±3.02 15.0±6.2 46.8±25.8 

Number of recorded habitats 9.75±2.75 11.87±2.57 11.8±2.82 

Number of habitats excluding linear 

habitats 

6.5±2.64 7.75±2.20 7.2±2.34 

Percentage improved agricultural 

grassland on farm 

65.9±5.41 24.2±14.4 24.1±20.2 

Percentage semi-natural habitat on 

farm 

29.7±6.90 71.1±15.6 72.0±20.8 

Species richness of the farm 

excluding linear habitats 

70.5±17.1 86.12±17.07 80.8±18.68 

Total length of linear habitats in 

meters 

3026±1178 4656±1374 7988±2076 

Total length of linear habitats (m/ha) 241.8 ±  

102.88 

276.6±61.1 184.8±72.3 

Livestock Units per hectare 1.8 ± 0.8 1.0±0.5 1.1±0.8 

Livestock Units per hectare of UAA 1.9 ± 0.8 1.1±0.6 1.2±0.9 

 

Step 3: Principle Components Regression  

Principle Components Regression (PCR) was used to further investigate the effects of 

a range of variables identified from NMS (r > 0.5) on habitat and plant diversity of the 

farms. The PCA of the measured environmental variables showed two principal 

components with total explained variance of 78.8% (Table 5). The eigenvalues for the 

first two principal components are 4.236 and 2.424, respectively. These two 

components were considered significant because their eigenvalues were greater than 

the broken-stick eigenvalues of 2.929 and 1.929, calculated in PC-ORD. This 

highlights that these axes contain more information than expected by chance (McCune 

and Grace, 2002).   

Table 5 Principle component loadings for the first two principle components in 

decreasing strength of correlations on axis 1 

 PC1 PC2 

Variable R R 

Percentage improved agricultural grassland on 

farm 

-0.8487 0.3781 

Percentage semi-natural habitat on farm 0.8486 -0.3766 

Livestock Units per hectare -0.8037 0.4642 

Livestock Units per hectare of utilisable 

agricultural area (ha) 

-0.8132 0.4399 

Total area (ha) 0.6689 0.7172 
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Total area of utilisable agricultural area (ha) 0.6455 0.7326 

Total length of linear habitats per hectare(m/ha) -0.3939 0.6165 

Variance explained 50.92 27.96 

 

Table 6 shows the principal component loadings for the first two components. The 

loadings express the degree to which each extracted component correlates with the 

environmental variables (McCune and Grace, 2002). Component 1 (PC1) explains 

50.92% of the variation and is positively correlated with percentage semi-natural 

habitat cover and negatively correlated with stocking density (LU/ha and LU/ha UAA) 

and percentage improved agricultural grassland. PC1 can be described as a landcover 

and landuse intensity component with axes scores increasing with increasing 

dominance of semi-natural vegetation and decreasing land use intensity. The second 

component (PC2) explains 27.96% of the variation and is positively correlated with 

total area, total UAA and negatively correlated with linear habitats (m/ha) of the farm. 

This can be described as a landscape heterogeneity component with axis scores 

increasing as landscape heterogeneity decreases.  

Table 6 shows the results of the stepwise multiple regressions of habitat and species 

richness and diversity variables using the first two principle components as predictors. 

PC2 (landscape heterogeneity component) explains 30.1 % of the variation in the 

diversity of habitats, suggesting increased habitat diversity as landscape complexity 

increases (smaller farm size, increasing density of hedgerow). PC1 (landcover and land 

use component) explains 13.4% and 15.9% of the variation in habitat number and plant 

diversity per farm, respectively. This suggests that habitat diversity increases as 

percentage semi-natural vegetation increases and land use intensity decreases.  

Table 6 Stepwise multiple regression of habitat and plant variables versus principle 

component of PCA of environmental variables. SC = Standardized coefficient, which 

is a measure of the relative importance of each significant predictor in a model  

 Variable R
2
 F-value p-value SC 

Habitat diversity      

Step 1 PC2 0.301 12.075 0.002 0.549 

Habitat number      

Step 1 PC1 0.134 4.319 0.047 0.366 

Plant diversity      

Step 1 PC1 0.159 5.277 0.029 0.398 

 

Step 4: Index development 

A nature value index was developed which can be applied at a farm level to identify 

the nature value status of a farm (Table 7). From the results of the analyses three 

variables; percentage improved agricultural grassland, livestock units per hectare UAA 

and linear habitats (m/ha), were selected for use in the index. Percentage improved 

agricultural grassland is used as a surrogate for semi-natural habitat, which is 
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considered one of the main contributors to overall biodiversity of a farm. It scores a 

maximum of 5 and is divided into 10 categories in increments of 10%. Livestock units 

per hectare UAA is a well understood measure of management intensity of a farm and 

has been used previously in allocating agricultural payments. It scores a maximum of 3 

and is divided into 10 categories in increments of 0.25 LU/ha UAA. Linear habitats 

(m/ha) provides an assessment of the complexity of landscape features within farm 

boundaries. It receives a maximum score of 2 and is divided into 10 categories in 

increments of 25 metres per hectare starting at 100 m/ha (Table 7).  

Table 7 Ten point nature value scoring system 

Percentage 

improved 

grassland 

Score Livestock 

Units per 

hectare of 

UAA 

Score Total length 

of  linear 

habitats in 

(m/ha) 

Score Final 

score 

91 - 100 0.5 >2.26 0.3 <100 0.2 1 

81 - 90 1 2.01 - 2.25 0.6 101 - 125 0.4 2 

71 - 80 1.5 1.76 - 2.0 0.9 126 - 150 0.6 3 

61 - 70 2 1.51 - 1.75 1.2 151 - 175 0.8 4 

51 - 60 2.5 1.26 - 1.50 1.5 176 - 200 1 5 

41 - 50 3 1.01 - 1.25 1.8 201 - 225 1.2 6 

31 - 40 3.5 0.76 - 1 2.1 226 - 250 1.4 7 

21 - 30 4 0.51 - 0.75 2.4 251 - 275 1.6 8 

11 - 20 4.5 0.26 - 0.5 2.7 276 - 300 1.8 9 

0 - 10 5 0.15 - 0.25 3 > 300 2 10 

 

Step 5: Index validation 

Correlations between the index scores of individual farms (index scores for farms are 

available in Appendix 2) and Shannon’s diversity scores for plant species richness, 

habitat diversity, total number of habitats per farm and plant diversity were used to 

verify the accuracy of the index score assigned to a farm (Table 8). All four correlated 

with the index scores. 

.  
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Table 8 Pearson (r) correlations of Index score of Mayo farms versus diversity indices 

 Index 

score  

Plant 

species 

richness  

Habitat 

diversity 

Habitat 

number 

Plant 

diversity 

Index score  1     

Plant species 

richness  

0.424* 1    

Habitat diversity 0.542** 0.693** 1   

Habitat number 0.464* 0.592** 0.715** 1  

Plant diversity 0.360* -0.072 0.025 -0.114 1 

 

**Correlations significant at 1% level (2-tailed) 

*Correlations significant at 5% level (2-tailed) 

 

Correlations between plant species richness, habitat diversity, habitat number and plant 

diversity were carried out against the index scores for 60 farms from counties Galway, 

Sligo and Leitrim (Table 9) (index scores for validation farms are available in 

Appendix 3).  It was found that the index scores were strongly correlated with habitat 

diversity, plant diversity and plant species richness. Habitat number was not correlated 

with the index score. 

Table 9 Pearson (r) correlations of Index score of Galway, Sligo and Leitrim farms 

versus diversity indices 

 Index 

score  

Plant 

species 

richness  

Habitat 

diversity 

Habitat 

number 

Plant 

diversity 

Index score  1     

Plant species 

richness  

0.465** 1    

Habitat diversity 0.392** 0.512** 1   

Habitat number 0.154 0.556** 0.762** 1  

Plant diversity 0.591** 0.417** 0.192 -0.002 1 

 

**Correlations significant at 1% level (2-tailed) 

*Correlations significant at 5% level (2-tailed) 
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2.5 Discussion 

This research identifies three easily quantified components which, when combined in a 

single index, provides a novel and meaningful assessment of the nature value status of 

a farm. Although the index has been developed using data from the north-west of 

Ireland, all three components i.e., percentage of improved agricultural grassland, 

livestock unit per hectare of UAA and linear habitat in (m/ha) have been described as 

being important in the assessment of farmland biodiversity across Europe (Baudry et 

al., 2000; Cooper et al., 2007; Sullivan et al., 2011).  

Habitats are important indicators of biodiversity (Bunce et al., 2013). The proportion 

of semi-natural habitats in an agricultural landscape has been found to be an effective 

predictor of farmland diversity (Billeter et al., 2008; Hendrickx et al., 2007). Indeed, 

semi-natural habitat patches within the agricultural landscape have been found to be 

essential for enhancing biodiversity (Duelli and Obrist, 2003a).  For the purposes of 

the index, percentage of improved agricultural grassland was used as a proxy for the 

percentage of semi-natural habitats on a farm. The advantage of this is that improved 

agricultural grassland is more easily quantified and recognised by non-ecological 

specialists than semi-natural habitats. 

Livestock units are described as an important feature of land management in numerous 

studies (Ausden, 2007; Bignal and McCracken, 1996; Gibson, 2009; Olff and Ritchie, 

1998). Extensive farming systems associated with  high biodiversity typically have a 

stocking density of <1LU/ha (Cooper et al., 2007). Nickel & Hildebrandt (2003) found 

that low intensity grazing may result in increased diversity of plants and higher 

numbers of Auchenorrhyncha species (invertebrates) when compared to other 

management regimes. The polluting effects of increasing livestock units on the 

environment have also been described (Firbank et al., 2013) highlighting the 

importance of managing livestock numbers at an appropriate level to support 

sustainable farming.  

Linear habitats are significant contributors to biodiversity on farmlands by acting as 

connectivity networks between habitats for plants and animals, food sources and 

shelter (Baudry et al., 2000; Le Cœur et al., 2002). Distribution of hedgerows has been 

found to be of importance for the protection of some species such as forest carnivores 

in agricultural landscapes (Pereira and Rodríguez, 2010). Field boundaries may also be 

significant contributors to the semi-natural habitat area of farms, particularly farms 

with lower proportions of non-linear semi-natural habitats (Sullivan et al., 2013). 

Highly diverse landscapes are indicative of sustainable agricultural systems that 

conserve ecosystem services including biodiversity (Tilman et al., 2002). The goal of 

measuring and valuing ecosystem services is to use policies to better manage natural 

resources (Power, 2010). A combination of the three variables above within a single 

index, which is easy to use and measure, will allow for the development of more 

targeted agri-environmental schemes in the future. The proposed index could be 
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incorporated into the environmental aspect of sustainable agriculture policies. 

Additionally, metrics such as this could be incorporated into ‘green’ farming initiatives 

such as OriginGreen in Ireland (Bord Bia, 2012). 

Another potential use for this nature value index is the identification of HNV farmland. 

Identification of the extent of and support of High Nature Value (HNV) farmland 

across the EU has been an important policy requirement of Rural Development 

Programmes (RDP) (2007-2013) of member states but problems around defining the 

extent of HNV farmland has limited progress (Keenleyside et al., 2014). A number of 

different systems have been proposed by EU member states for the identification of 

HNV farmland (Oppermann et al., 2012). In Scotland (Rural Analytical Unit. Scottish 

Government, 2011), HNV farmland has been characterised using rough grazing and 

livestock units per available forage hectare. However, this method, based largely on 

upland common land, could underestimate the potential HNV cover in Ireland and 

other regions where HNV extends across lowland areas. The German system for 

identification and quantification of HNV is complex (Benzler, 2012) in that it is based 

on a number of German landscape and plant indicator taxa databases. However, similar 

databases containing quality measures for the assessment of landscape elements and 

their contribution to biodiversity are not currently available throughout all EU member 

states. For these states other HNV identification indices which are easier to calculate 

and apply are urgently required.  

Cluster analysis (CA) results, European typology of HNV farmland (Andersen et al., 

2007) and farm statistics were considered to inform change points in the index to 

distinguish between HNV and non-HNV farms. Group A farms have a high proportion 

of improved agricultural grassland cover and high LU/UAA which suggests a non-

HNV group (in Ireland). Combined, groups B and C appear to represent HNV 

farmland and reflect the variation in HNV types. Percentage improved agricultural 

grassland and livestock units per hectare UAA have similar values in Groups B and C. 

Group B has a higher average length of linear habitats, a key feature of Type 2 HNV 

farmland. 

The need to distinguish HNV from non-HNV farmland at a land parcel level has 

recently been highlighted (Keenleyside et al., 2014). Based on the research presented 

in this paper, farms scoring greater than 4.5 using our index could be classed as HNV 

farms. It is difficult to further distinguish between HNV Type 1 and 2 farms. Due to 

the potential overlapping of scores between typologies and as both types are equally 

important for biodiversity further research needs to be carried out before a 

recommendation is made for applying change points moving from Type 2 to Type 1. 

As the identification of Type 3 farmland is based on unique cases, it cannot be 

included in this index. 

When scored, the Mayo sample farms resulted in 4 non-HNV and 26 HNV farms. In 

comparison, the farms used for validation resulted in 16 non-HNV and 44 HNV farms. 

Galway farms scored 14 non-HNV and 18 HNV, Sligo resulted in 1 non-HNV and 12 



A nature value index for pastoral farmland 

34 

 

HNV and Leitrim farm scores resulted in 1 non-HNV and 14 HNV.  The scores reflect 

the increased management intensity in the Galway region in comparison to 

Sligo/Leitrim. Although the Sligo and Leitrim farms scored similarly, there is a 

difference in the ranges of farm scores between the counties. The lowest farm score in 

Sligo is 2.6 and the highest is 8.4. In comparison the lowest Leitrim farm score is 3.3 

and the highest is 9.7. The range of scores reflects the lower intensity of farms in 

Leitrim in comparison to Sligo (Central Statistics Office, 2012). This index could 

easily be applied throughout Ireland to identify potential HNV hotspots that would 

benefit from targeted supports through the RDP. 

While the change points suggested appear to be useful for the identification of HNV 

farmland typologies, they are not intended to be definitive but to allow for discussion 

and examination of other scenarios in the identification of HNV farmland in other 

regions of Europe. It is important to recognise that all farmland has some nature value 

even those farms falling into the non-HNV category.  

 

2. 5. 1 Conclusions  

Demand for sustainable agriculture and its associated ecosystem services continue and 

the ability to quantify it is of increasing importance. Any measure of sustainable 

agriculture will have to incorporate a number of economic, social and environmental 

indicators. The index proposed in this paper could be incorporated into an 

environmental indicator of sustainable agriculture. The proposed index is simple to 

use, can be easily implemented and with further testing could be modified for use in 

other pastoral regions across Europe. Additionally, it can empower farmers to make 

informed decisions in relation to management of biodiversity of their farm.  The 

development of this index of the nature value status of a farm is a step towards 

developing a holistic environmental indicator of sustainable agriculture in Europe.   
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Assessing the biodiversity value of wet grasslands: can selected plant and 

invertebrate taxa be used as rapid indicators of species richness at a local 

scale?  

3.1 Abstract 

Sixty percent of the land surface of the Republic of Ireland is farmland of which up 

to 12% is estimated to sustain high species richness. Given that this farmland is 

predominantly pasture-based, the ecological status of semi-natural grasslands is 

particularly important for biodiversity. Recent studies indicate that those grasslands 

with high nature value (HNV) in the north-west of Ireland are wet grasslands. We 

investigated seven taxa as potential bioindicators of species richness of wet 

grassland habitats and examined how this information could be used in rapid 

assessment methodologies to identify areas of high nature value. Grasses, sedges, 

rushes, ground beetles (Coleoptera) and marsh flies (Diptera) were identified to 

species and Diptera to parataxonomic units (PTU). Sedges was the most 

significantly correlated taxon with overall species richness of the remaining taxa. 

In addition, ten combinations of taxa revealed significant positive correlations with 

the remaining species richness of which sedges & carabids combined showed the 

strongest correlation. Our data indicate the appropriateness of using more than one 

taxon in rigorous studies to reflect the overall species richness of wet grasslands. 

Nevertheless, the use of a single taxon or a combination of two taxa has a useful 

role to play in the rapid identification, protection and future monitoring of species-

rich wet grasslands where taxonomic and financial resources for rigorous studies 

are limited. We discuss this in the context of agri-environmental schemes and High 

Nature Value farmland identification. 

3.2 Introduction 

Due to the ever increasing loss of biodiversity worldwide (Alkemade, 2009) 

considerable emphasis is being placed on our understanding of ecological 

associations (Moreno et al., 2007), with a view to developing rapid species richness 

measures to identify and protect semi-natural communities. Bioindicators represent 

“shortcuts” for habitat evaluation with strong correlations between species richness 

of taxa being recommended to identify surrogates for the species richness of other 

taxa (Moreno et al., 2007). This reduces the requirement for intensive and often 

expensive sampling procedures, thereby facilitating the rapid recognition and 

subsequent protection of species-rich habitats. To date, three kinds of bioindicators 

have been proposed i.e. indicators of biodiversity, ecological indicators and 

environmental indicators (McGeoch, 1998). However, the efficacy and accuracy of 

indicators of biodiversity has been the subject of criticism (Lawton et al., 1998; 

Sauberer, 2004) regarding the selection of taxa and the spatial scale at which the 

studies are undertaken (Hess et al., 2006). In response to this, however, it is now 

accepted that a statistically significant correlation between taxa (which implies that 

the species richness of one taxon is indicative of the species richness of the other 

groups) is a prerequisite for use (Duelli and Obrist, 2003b; Moreno et al., 2007). 

The relationship between taxa may be either positive or negative, as shown by 

studies in Australia (Pharo et al., 1999). The indicator taxon may also be a subset 

of a larger group, a taxonomic subdivision or a practical subdivision of a larger 

group or may be taxonomically unrelated to the taxa of interest (Oertli et al., 2005). 
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Another approach entails the use of multi-taxa or a "shopping basket" approach 

where a set of taxa is selected as an indicator of overall diversity (McGeoch 1998). 

Alternative methods  include the use of higher taxa (Gaston and Williams, 1993; 

Grelle, 2002), or the use of parataxonomic units (PTU) which is the identification 

of individuals based on morphological units (Kremen, 1992). While there is no 

overall agreement regarding the correlation strength that is required for a suitable 

indicator (Lovell et al., 2007; Pearman and Weber, 2007),  Dollar et al (2014) 

considered correlations of r ≥ 0.75 to be suitable; 0.75 > r ≥ 0.5 as marginally 

suitable; and r < 0.5 as unsuitable for consideration as a bioindicator (Dollar et al., 

2014). McGeoch (1998) summarizes the requirements of suitable and effective 

bioindicators (depending on the question under investigation) as economic and 

logistic suitability (use of resources); and biological efficiency (criteria which 

include taxonomic knowledge, range, reliability, representativeness and sensitivity) 

(McGeoch, 1998). 

Vascular plants are an important component of terrestrial grasslands and as such 

they are influential in defining habitats for a range of other taxa (González-Oreja et 

al. 2013). They have been widely used as indicators for the biodiversity of other 

groups of plants as well as invertebrates (Chiarucci et al., 2007; Koch et al., 2013; 

Santi et al., 2010). However, due to resource requirements, many studies avoid the 

use of invertebrates (Cardoso et al 2011) as biodiversity indicators even though 

they form a large part of grassland biodiversity. Those studies which included 

invertebrates have demonstrated correlations between overall species richness and 

arthropods e.g. Duelli and Orbist (1998) found that Heteroptera, wild bees and 

wasps were strongly correlated with overall species richness in cultivated areas and 

semi-natural habitats (Duelli and Orbist, 1998). In addition, Finch and Löffler 

(2010) suggest that vascular plants and spiders are the best surrogate taxa for alpine 

habitats (Finch and Löffler, 2010). While ground beetles, used in many studies, 

correlate well with other invertebrate families /orders (Oliver and Beattie, 1996; 

Duelli and Orbist, 1998), Duelli and Orbist (1998) did not identify ground beetles, 

as an individual taxon, as efficient indicators of biodiversity. On the other hand, 

Diptera which is one of the largest orders of insects, have been used successfully in 

ecological indication studies (Burgio and Sommaggio, 2007; Frouz, 1999; Pollet, 

2001; Williams et al., 2007). Dipteran species have many characteristics that would 

make them useful bioindicators but difficulty in identification represents the most 

important barrier to their broader use (Frouz, 1999). Nevertheless, PTUs can be 

used to determine alpha diversity (Duelli and Obrist, 2003b) with the caveat that 

their use can result in an over- or underestimation of species richness (Moreno et 

al., 2007). 

Although many wet grasslands have been lost through intensification (Tilman et 

al., 2002), afforestation or abandonment (Habel et al. 2013; Tscharntke et al., 

2005), they are, nevertheless, regarded as one of the most speciose semi-natural 

habitats remaining in agricultural landscapes (Billeter et al., 2008). Sullivan et al. 

(2010) suggest three categories of wet grassland based on detailed studies of plant 

species richness i.e. semi-natural wet grasslands (≥25 plant species); improved wet 

grassland (≤ 10 plant species); and an intermediate semi-improved wet grassland 

category (11 – 24  plant species). The authors indicate the significance of 
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recognizing the latter category (previously considered as improved grasslands). 

Semi-improved grasslands are important for recognizing High Nature Value 

farmland in addition to playing a key role in future semi-natural grassland 

restoration schemes (Sullivan et al., 2010). While it is desirable to undertake 

detailed, local scale plant and/or invertebrate surveys at a national level, current 

fiscal constraints limit access to adequate specialist taxonomic expertise. 

Meanwhile, valuable habitats, due to lack of recognition, continue to be lost. Semi-

natural wet grasslands of high nature value can be excluded from receiving 

agricultural support because of the presence of scrub, bushes and/or trees is 

deemed to conflict with payment eligibility rules under CAP regulations (Beaufoy 

and Marsden, 2013). This leads to a situation where wet grasslands are undervalued 

in the farming system and there is continued pressure to reclaim, drain and 

intensify production. There is, therefore, an urgent need to develop a rapid 

biodiversity indicator so that species-rich wet grasslands can be identified at a local 

scale and their biodiversity value identified,  thereby ensuring their future 

protection. Once these sites are protected, additional more rigorous studies can be 

undertaken subject to the availability of adequate resources. With this in mind, we 

examined seven taxonomic groups found in wet grasslands (Grasses, Herbs, 

Sedges, Rushes, Sciomyzidae, Diptera Parataxonomic Units (PTU) and Carabidae) 

by testing:  

1) for consistency between: a) each of the seven taxa; b) each taxon and total 

species richness of the remaining taxa; c) selected taxa subsets and total species 

richness of the remaining taxa.  

2) whether selected taxa could be used to distinguish semi-natural wet grasslands 

from semi-improved wet grasslands after Sullivan et al. (2010)  

3.3 Materials and Methods 

3.3.1 Study area 

The study was undertaken in western Ireland in an area recognized by the 

European Environment Agency (2009) as one with High Nature Value (HNV) 

potential (European Environment Agency, 2009). The landscape, covering six 

Electoral Divisions (19,337ha), is dominated by grasslands. Sixty farmers (12% of 

farms in the study area), selected through cold calling, chain referral sampling 

(Heckathorn, 2002) and via agricultural planners, agreed to participate in a wider 

landscape study. Within these, seventeen wet grassland sites were subsequently 

selected for detailed plant and invertebrate studies using stratified random 

sampling. Requirements for inclusion in the study were that the farm contained less 

than 20% cover of coniferous plantations and that the land was actively farmed i.e. 

was under continuous management such as grazing, mowing, tillage or similar 

activity which modifies the natural environment in some form. The land user was 

also required to input time and effort of some form resulting in the production of 

goods for the common market (adapted from Colreavy, 2012a, 2012b; Eurinco, 

2011). 

As the dominant farming systems in the west of Ireland are grassland based, this 

study focused on a range of semi-natural wet grassland habitats which are present 
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on the majority of farms in the west of Ireland (Sullivan et al., 2010). All farms 

were examined using aerial photographs followed by site visits to select suitable 

wet grassland sites. For this study wet grassland was defined using Fossitt (2000). 

The mean field size for the 17 study farms was 1.81ha + 1.21 S.D within which wet 

grasslands with homogenous vegetation > 0.10ha were selected for this study. 

3.3.2 Sampling Methods 

Invertebrate sampling was undertaken in 2011at each site using 0.1mm mesh size 

sweep nets (120 cm depth x 120 cm aperture) and plastic pitfall traps (8.5 x 10cm). 

Six sweep paths (1m x 10m) separated by 1 m wide walk paths resulted in a 13m x 

10m sampling station. Each sampling station also had a >10 meter buffer zone 

from the nearest boundaries. Sweep netting was undertaken on June 6th, July 21st 

and August 18
th
 (2011) with all specimens stored in 70% alcohol. All Diptera 

catches were identified to family level (Unwin, 1984) followed by further 

classification as parataxonomic units (PTUs), in addition to which sciomyzids 

(Diptera) were identified to species level (Rozkošný, 1987). Six pitfall traps were 

situated in each sampling station at the mid-point of each sweep path. Each pitfall 

trap, part filled with ethylene glycol, was covered with a 15 x 15cm corriboard 

sheet approximately 2 cm above the ground surface to protect the trap from 

rainfall. In addition, each trap was covered by a protective cage to prevent 

disturbance by grazing animals (Moran et al., 2012). Pitfall traps were emptied 

fortnightly for six collections during June, July and August 2011. Collected 

carabids were stored in 70% alcohol and identified to species level (Forsythe, 

1987; Luff, 2007). Plant species cover was recorded July - August (2011) using 1m 

x 1m quadrats placed at each pitfall trap.  

3.3.3 Data Analysis 

Species richness across all seventeen sites for each taxon (grasses, herbs, sedges, 

rushes, Diptera PTUs, sciomyzids and carabids) and for all plants and all 

invertebrates was calculated. Taxon species richness at an individual site was 

calculated as a percentage of the total species richness of that taxon across all 

sampled sites (Finch and Löffler 2010) with parataxonomic units (PTU) used for 

Diptera (excluding sciomyzids). This method was used to accommodate large 

differences in species richness between taxa. Normality of species richness of taxa 

was tested using SPSS Version 21. Pearsons (r) correlations were used to 

investigate the relationship between: the seven taxa; between each taxon and the 

combined remaining taxa; between all combinations of pairs (described as 

predicting taxa) with the remaining taxa; and between all plants as a group and all 

invertebrates as a group. Correlations of potential indicator taxa and groups were 

investigated using linear regression analysis. We concentrated on those taxa which 

could be used not only to predict overall species of all sampled taxa but could be 

sampled with minimal effort and / or specialist expertise.  

 

3.4 Results  

A total of 226 species/PTUs were recorded across the 17 semi-natural wet  

grasslands in this study. These species/PTUs comprised 51 herb species, 20 grass 

(Poaceae) species, 9 sedge (Cyperaceae) species, 6 rush (Juncaceae) species, 10 

sciomyzid (Diptera) species, 41 ground beetles (Carabidae) species and 89 Diptera 
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PTUs (excluding Sciomyzidae). Overall, the taxa with the highest mean (+ SD) 

species/PTU numbers were Diptera PTUs (46.9 ± 8.74) followed by carabids (15.8 

± 2.78) and herbs (11.72 ± 5.3). The mean species richness per site (+ SD) of all 

plants was 22.00 (+ 8.83) and all invertebrates was 64.52 (+ 8.57) (Figure 7).  

 

 
Figure 7 Total species richness of seven taxa and all plants and all invertebrates per 

site 

Cross-taxon analyses (Table 10) were undertaken using Pearsons (r) correlations 

since data were approximately normally distributed (Edgell and Noon, 1984). Of 

the six significant correlations for individual taxa, the three most strongly 

significant correlations were between sedges and herbs (r = 0.708, p<0.01); grasses 

and herbs (r = 0.688, p < 0.01); followed by grasses and rushes (r = 0.526, p<0.05). 

Diptera PTU and sciomyzids were also significantly correlated (r = 0.512, p< 0.05) 

as were sedges and rushes (r = 0.491, p<0.05) in addition to which Diptera PTUs 

were negatively correlated with herbs (r = -0.486, p< 0.05).  

The results of correlations between each taxon and the species/PTU richness of all 

other taxa as a whole (i.e. total richness less the richness of the predicting group) 

identified sedges (r=0 .682, p <0.01) and herbs (r=0 .551, p <0.05) as the only 

significant correlations with species richness of the other taxa. Regression analysis 

of sedges (% of total) and herbs (% of total) with all other taxa and R
2
 values are 

given in (Figure 8) and (Figure 9) respectively. The examination of histogram and 

q-q plots following regression indicated that the residuals of regression were 

normally distributed indicating the data were a good fit for the model.  
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Table 10 Species richness correlations (Pearsons r) for individual / multi-taxa and 

all plant / all invertebrate taxa  

 Grasses Herbs Sedges Rushes Sciomyzids 

Diptera 

PTU Carabids 

All 

plants 

All 

invertebrates  

Pair-wise          

Grasses -         

Herbs .688
**

 -        

Sedges .425 .708
**

 -       

Rushes .526
*
 .432 .491

*
 -      

Sciomyzids -.159 -.024 .290 -.056 -     

Diptera PTU -.326 -.486
*
 -.095 -.301 .512

*
 -    

Carabids .316 .195 .008 .145 -.077 -.087 -   

Multi-taxa          

Total less 

grasses 
.473       

  

Total less 

herbs 
 .551

*
      

  

Total less 

sedges 
  .682

**
     

  

Total less 

rushes 
   .406    

  

Total less 

sciomyzids 
    .154   

  

Total less 

Diptera PTU 
     .037  

  

Total less 

carabids 
      .105 

  

All plants          -.024 

All 

invertebrates 
       -.024  

 

**. Correlation  significant at the 0.01 level (2-tailed). 

*. Correlation significant at the 0.05 level (2-tailed). 
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Figure 8 Regression of sedges (% of total species on x-axis) with the remaining 

richness of all other taxa (y-axis) 

 

Figure 9 Regression of herbs (% of total on x-axis) with the remaining species 

richness of all other taxa (y-axis) 

Twenty-one combinations of taxa were examined (Table 11). Ten pairs were 

significantly correlated with species richness of the predicting taxa (total species 

richness minus the species richness of the predicting pair). The combination of 

sedges & carabids was the pair of taxa with the strongest and most significant 

correlation with species richness of predicting taxa (r = 0.739, p=0.001), followed 

by herbs & Diptera (r = 0.674, p = 0.003); and grasses & sedges (r = 0.663, p = 

0.004). Regression analysis with R
2
 for sedges & carabids is given in (Figure 10). 

Post regression examination of q-q plots and histograms indicated that residuals of 

regression were normally distributed. In addition, all semi-natural grasslands with 

> 25 plant species (after Sullivan et al., 2010) (Figure 11), with the exception of 

Site 16, contain three or more sedge species (Figure 12). 
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 Table 11 Pearsons correlation (r) (in descending order) and p-value of the 

combination of taxa with the remaining species richness 

Predicting taxa 

All other taxa 

combined (less 

predicting taxa) p-value 

Sedges & carabids 0.739 0.001 

Herbs & Diptera PTU 0.674 0.003 

Grasses & sedges 0.663 0.004 

Sedges & Diptera PTU 0.620 0.008 

Grasses & sciomyzids 0.549 0.023 

Sedges & rushes 0.523 0.031 

Rushes & sciomyzids 0.520 0.032 

Herbs & sedges 0.516 0.034 

Herbs & sciomyzids 0.507 0.038 

Herbs & rushes 0.492 0.045 

Herbs & carabids 0.464 0.051 

Rushes & Diptera PTU 0.444 0.056 

Grasses & herbs 0.428 0.059 

Rushes & carabids 0.378 0.096 

Sedges & sciomyzids 0.444 0.098 

Grasses & carabids 0.358 0.109 

Grasses & rushes 0.369 0.156 

Grasses & Diptera  PTU 0.426 0.358 

Diptera PTU & carabids -0.303 0.581 

Diptera PTU & sciomyzids -0.077 0.726 

Sciomyzids & carabids 0.227 0.841 
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Figure 10 Regression of sedges & carabids (% of total) with the remaining richness of 

all other taxa (% of total) on y-axis 

 

 

Figure 11 Plant species richness of the seventeen wet grassland sites. Black and grey 

bars represent sites with ≥ 25 plant species and < 25 plant species respectively 
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Figure 12 Sedge species richness of the seventeen wet grassland sites. Black and grey 

bars  represent sites with ≥ 25 plant species and < 25 plant species respectively 
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3.5 Discussion 

In this study, plants as a group were not correlated with invertebrates as a group 

indicating that plants alone will not give satisfactory estimates of the species richness 

of semi-natural wet grassland habitats at the local level. This is supported by Vessby et 

al. (2002) who found that invertebrates did not show any significant relationship with 

plants in Swedish semi-natural grasslands. Indeed, Vessby et al. (2002) concluded that 

different factors influence the occurrence of species in the studied taxa and that using 

grassland plants as indicator taxa would not give reliable estimates of total biodiversity 

(Vessby et al., 2002). However, of the 21 paired taxa examined in this study, nine 

achieved correlation coefficients of r > 0.5, the cut-off point at which Dollar (2014) 

suggests bioindicator suitability (i.e.  0.75 > r > 0.5 – marginally suitable; r > 0.75 – 

suitable). The best correlations were achieved using sedges & carabids (r = 0.739), 

followed by herbs & Diptera PTU (r = 0.674). If we are looking for rapid 

methodologies for assessment of wet grasslands, sedges & carabids appear to be 

useful, predicting 55% of the biodiversity value of the other five taxa. Due to the 

limited numbers of sedges (O’Neill et al., 2013) and carabid species (Luff, 2007) found 

in wet grassland habitats in Ireland, they are also efficient taxa in terms of ease of 

sampling and identification of species. The combinations of plant and invertebrate taxa 

(in the two most strongly correlated pairs) may indicate that they have different 

functional characters that cover a range of responses to habitat characteristics. Even 

though the multi-taxa method of indication has been recommended (Vane-Wright et 

al., 1991) and the approach of using sedges & carabids seems reasonable from our 

results, the multi-taxa approach has not often been used due to the possible limited 

suitability of many combinations of groups which are applicable only to distinct 

habitats or areas (Allen et al., 2001).  

Only two of the taxa in the study i.e. sedges and herbs were individually correlated 

with the overall species richness of the other taxa. Sedges had the strongest correlation 

( r = 0.682) and the ability to predict 46% of the richness of the other six taxa 

examined. Sedges of the genus Carex ( known as true sedges) are found in most 

habitats but are most commonly associated with wet habitats and poor soils (Budelsky 

and Galatowitsch, 2000; Toogood and Joyce, 2009). Studies have been carried out on 

the feasibility of using single taxa to predict overall species richness of other taxa. In 

only very few cases have the correlations between a taxon or several taxa with a more 

or less representative sample of species richness of a habitat been published (Koch et 

al., 2013; Lumbreras et al., 2013), and recommendations made based on the results 

generally advocate a multi-taxa approach to the selection of indicators of biodiversity 

(Finch and Löffler, 2010; Sauberer, 2004). 

When we look at the pair-wise results a degree of correlation was found in species 

richness among some of the plant and invertebrate taxa. Sedges and herbs followed by 

grasses and herbs were the most strongly correlated groups indicating that within wet 

grassland habitats, they are likely to be responding in a similar manner to 

environmental gradients. The most evident reason for correlation of species richness 

between taxa seems to be mutual habitat dependencies (Vessby et al., 2002). 
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According to Lawton et al (1998) correlation can be expected between species which 

depend on the same ecological factors such as moisture and soil quality (Lawton et al., 

1998). That species richness of herbs was negatively correlated with Diptera PTU 

richness could be explained by the distribution of Diptera PTU in wet grasslands which 

has been shown to be influenced by factors such as vegetation structure or 

microclimate rather than plant species richness per se (Keiper et al., 2002; Williams et 

al., 2007). Sciomyzids were correlated with Diptera PTU but carabids in isolation 

showed no correlation with any plant or invertebrate taxa. Carabids have been 

frequently used as ecological indicators in various types of studies such as the 

assessment of land-use changes (da Silva et al., 2008; Perner and Malt, 2003) and 

metal pollution (Avgin and Luff, 2010). While they may be useful indicators of 

biodiversity for some invertebrates such as spiders (Billeter et al., 2008), they should 

be used with caution as their relationship with many other species is not well 

understood  (Rainio and Niemelä, 2003). Nevetheless, this study indicates that they are 

useful as bioindicators when taken in combination with another taxon. According to 

Gerlach et al (2013) the lack of correlation between invertebrate taxa would support 

the use of a multi-taxa approach for use in conservation planning (Gerlach et al., 2013; 

Lovell et al., 2007).  

Spatial and temporal scales are an important factor in ecology. The search for single 

taxa or groups of taxa as bioindicators of overall species richness at different scales has 

been undertaken at local (Dollar et al., 2014; Ferreira et al., 2013; Finch and Löffler, 

2010) and landscape (Pharo et al., 1999; Sauberer, 2004) scales. Most authors 

recognize that the spatial scale at which species diversity is assessed, with species 

distributed differently and some more patchy than others (Rainio and Niemelä, 2003), 

may influence the correlations among taxa (Oertli et al., 2005; Pearson and Carroll, 

2001). At the local scale disturbance and resource availability are likely to be more 

important whereas at the landscape scale other factors such as climate change and 

historical practices may be more influential (Heino et al., 2009). Although it is reported 

that taxa show better co-variation in species richness at larger scales (around 1 km
2 

or 

larger) (Wolters et al., 2006), the importance of studying correlations among taxa at a 

smaller local scale has also been recognized (Vera et al., 2011). This is the scale at 

which conservation and management planning and actions such as agri-environmental 

schemes are mostly undertaken, and therefore the scale at which suitable bioindicators 

would be of most practical value for the assessment of such actions. For any study, the 

temporal scale must also be considered. The activity and abundance of many 

invertebrates varies throughout the year (Janzen and Shoener, 1968). For example, 

some species are abundant in spring, while others peak in the summer. This kind of 

variation might impact on results of studies on invertebrates, so the timing should 

reflect known invertebrate ecology (Rainio and Niemelä, 2003).  

Notwithstanding the limitations of the study in that not all grassland taxa were studied 

and the sampling period was limited to three months, the use of identified suitable 

indicators of biodiversity (either single taxa or multi -taxa) can be of benefit in the 



Assessing the biodiversity value of wet grasslands 

47 

 

rapid evaluation and identification of HNV farmland at a local scale. If resources are 

limited, as they currently are in many EU member states, species richness of sedges 

alone as a bioindicator can provide an efficient shortcut (predicting 46%) for the 

species richness of several taxa of wet grassland habitats. In addition, the limited 

number of sedge species present in the wet grasslands in this study, make them easy 

for non-experts to separate rapidly even without the expertise to identify to species 

level. Sedges may also prove useful in distinguishing species-rich semi-natural wet 

grasslands from semi-improved wet grasslands based on plant species richness. Five 

out of six sites in this study, identified as semi-natural wet grasslands based on the 

presence of ≥ 25 plant species after Sullivan et al. (2010), contained > 3 sedge species. 

In the other eleven sites with < 25 plant species, four had only one sedge species and 

the remaining seven sites had no sedge species present. The one exception was Site 16 

which although classed as a semi-natural wet grassland based on Sullivan et al. (2010), 

contained only one sedge species. Details of environmental measurements made at this 

site (Hayes et al. in prep) indicate a site with lower than average soil moisture, soil 

organic matter and plant height; and higher soil pH and bare ground cover than the 

other five semi-natural wet grasslands studied. It is possible, therefore, that this site is 

in transition from a semi-natural to semi-improved state given that the above 

environmental measurements suggest more intensive farming practices (i.e. drainage, 

liming and greater stocking densities). If resources of time and expertise are less 

limited, the species richness of sedges & carabids as a pair can provide more 

information (55%) on the other taxa studied given that the sampling methodology and 

taxonomy of carabids are well known.   

3.5.1Conclusions 

Indicators of biodiversity can play a useful role in our attempts to understand patterns 

of diversity where adequate resources for detailed studies are lacking. The level of 

accuracy depends on the selection of the group and the temporal and spatial scale of 

the study. While the strength of the correlations that are required for the selection of 

robust bioindicators need to be further refined, the move towards recognizing HNV 

farmland for the protection and enhancement of biodiversity requires urgent action. 

However, initiatives to develop and monitor the achievement of EU policy goals in 

relation to agricultural biodiversity protection are reliant on the identification of such 

farmland in the first instance. This study demonstrates that it is possible to assess 

species richness of semi-natural wet grasslands using a limited number of taxa. This is 

demonstrated by the strong correlation of species richness of sedges with species 

richness of six other taxa of such habitats indicating the potential value of sedges as a 

single taxon indicator for wet grasslands in this study.  

We have now reached a crossroads in that those working at a local scale e.g. farm 

advisors cannot  wait until specialists undertake detailed ecological studies at the farm 

level before identifying HNV wet grasslands sites. The disadvantage would be that 

while we are waiting for this to be done, many valuable wet grassland sites could be 

lost to agricultural improvement or abandonment. The alternative, while being 

cognizant of its limitations, is to use a rapid non-specialist approach such as number of 
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sedge species to recognize semi-natural wet grassland, with a view to protecting and 

managing as many sites as possible in the short term. While a strong argument can be 

made for the use of rapid bioindicators to prevent loss of biodiversity , their use must 

eventually be supplemented with more detailed studies to examine their accuracy over 

the long term (Fleishman et al., 2006). Although the data presented here are particular 

to the location of the study, similar work at a local scale in wet grasslands of other EU 

member states could further develop this paradigm.   
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Factors affecting plant, carabid and Diptera assemblages of wet grassland 

habitats: implications for the management of High Nature Value farmland? 

4.1 Abstract 

Farmland covers over 60% of the area of the Republic of Ireland and it is estimated 

that the majority of grassland is improved with semi-natural habitats making up a small 

percentage of grassland. Farming in Ireland is predominantly pasture-based and the 

ecological status of semi-natural grasslands is, therefore, particularly important for 

biodiversity. Recent studies indicate that those grasslands with the highest nature value 

(HNV) in the north-west of Ireland are wet grasslands. We examined factors affecting 

plants, carabids and Diptera of wet grasslands with the aim of informing best practice 

for the management of this type of HNV farmland. Plants, carabids and marsh flies 

(Diptera:Sciomyzidae) were identified to species and all other Diptera to family level. 

Grazing was  found to be important for all taxa studied. At the habitat level plant 

communities were influenced by cover of bryophyte and grasses, height and length of 

plants, Competitive values (CSR strategy for plants) and Ellenberg light, nitrogen, 

moisture and pH. While some of the above elements also influenced carabids and 

Diptera, of particular importance to these groups is percentage cover of bare ground 

and dead vegetation in addition to the presence of ruderal plants and Ellenberg salt. 

These features play key roles in the life-cycles of a range of invertebrate species and 

recommendations from this study are that these elements be incorporated in the 

management prescriptions for HNV wet grasslands in the future. 

4.2 Introduction 

Semi-natural habitats are in rapid decline across Europe primarily as a result of 

agricultural intensification followed by loss of biodiversity (Donald et al., 2006; Hoste-

Danyłow et al., 2010; Overmars et al., 2014). In addition, land abandonment often 

following unsuccessful attempts at agricultural improvement (Dengler et al., 2014), is 

one of the major current threats to the biodiversity of European grasslands (Habel et 

al., 2013; Laiolo et al., 2004). This is supported by studies which have used plants 

(Hoffmann, 1998; Moog et al., 2002; Sullivan et al., 2010) and invertebrates (Rainio 

and Niemelä, 2003; Woodcock et al., 2009, 2006) to quantify the effects of changing 

management, environmental and ecological conditions on the diversity of commonly 

occurring taxa in agricultural grasslands. 

Duprè et al (2010) who studied plant species richness over 70 years on acidic 

grasslands in Great Britain, the Netherlands and Germany found that the most 

important explanatory variables affecting plant species and composition were soil 

acidity, patch size and cumulative Nitrogen deposition (Duprè et al., 2010). Grime 

(1979) also suggests that there is wide evidence for the strong negative effects of soil 

Nitrogen availability and acidity on plant species composition and richness. In 

addition, Herbst et al (2013) studied, over three years, the effects of the management 

and intensity of land use on meadows, mown meadows and pastures in three regions in 
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Germany. They concluded that fertilisation and mowing as opposed to grazing altered 

plant structure and decreased plant species richness (Herbst et al., 2013).  

With regard to grassland cursorial invertebrates, Blake et al. (1996) noted that the 

carabid fauna of all types of managed grassland subject to grazing and fertilisation was 

less species rich and less diverse than the fauna of neighbouring unmanaged sites. It is 

likely that the proven sensitivity of carabids to temperature, humidity, hydrology and 

vegetation structure (Butterfield, 1996; Moran et al., 2012) play a role in this regard. 

Of particular concern is the recorded loss by Brooks et al (2012) of carabid diversity 

across the UK over fifteen years from 1994 to 2008. They suggest that local changes in 

habitats are just as important if not more important than wider-scale factors in driving 

trends. They indicate that carabids perceive their environment at fine-scales of 

microhabitat variation and select niches accordingly (Niemela et al., 1992), adding to 

the evidence that management of microhabitats is a key tool for manipulating and 

conserving biodiversity (Brooks et al., 2012).  

With reference to aerial invertebrates, several dipteran families of wet grasslands have 

also been studied. In particular, marsh flies (Diptera: Sciomyzidae) were studied by 

Williams et al (2007) who concluded that vegetation structure and hydrological 

conditions influence their diversity. In addition, Maher et al (2014) demonstrated that 

while marsh fly species richness and abundance increased with depth and duration of 

flooding, plants species richness was affected by different parameters i.e. when plant 

species richness declined due to lack of cutting, sciomyzid species richness increased 

(Maher et al., 2014). Studies have also shown that moderate grazing can enhance the 

abundance of stem boring Diptera (Chloropidae) on Lolium perenne (Moore and 

Clements, 1984). According to Keiper et al (2002) dipteran microhabitat specificity 

may also be driven by specialization for the consumption of distinctive food sources by 

herbivores, parasitoids and certain predators. Even though little is known of the 

ecology of a large proportion of dipteran species, many families are likely to contain 

species that have intimate associations with wetland plants and are, therefore, restricted 

to the habitats that support their preferred host plant (Keiper et al., 2002). 

Communities or groups can be useful to demonstrate the intensity of certain impacts on 

their survival through the presence or absence of species or in changes to the 

dominance of some species (Büchs, 2003a). Flohre et al (2011) examined the effects of 

agricultural intensification on biodiversity by studying the diversity of vascular plants, 

carabid beetles and birds in cereal crop fields, at the field, farm and European scale. 

They concluded that plants and birds were negatively affected by agricultural 

intensification whereas carabid beetles were not (Flohre et al., 2011). Zschokke et al 

(2000) used four groups of invertebrates (ants, butterflies, grasshoppers and 

gastropods) and plants to study the effects of fragmentation on species in semi-natural 

calcareous grasslands over a three year period. They established that experimental 

fragmentation had adverse effects on rare invertebrate species and on butterflies, in 

particular, while most of the other groups had higher species richness in the fragments 
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(Zschokke et al., 2000). Many of these multi-taxon studies indicate that particular 

species studied across a range of habitat types, are affected in different ways by habitat 

conditions.  

It is estimated that 60% of the land area of the Republic of Ireland is agricultural land 

(CSO, 2012). Furthermore, wet grasslands which contribute to high nature value 

(HNV) farmland (Anderson et al., 2003) and to overall biodiversity in agricultural 

areas (Billeter et al., 2008; Duelli, 1997), make up 55% of semi-natural grasslands on 

Irish farms (O’Neill et al., 2013). In addition, Sullivan et al (2011) have described an 

intermediate “semi-improved” grassland category (between semi-natural and species-

poor grasslands) with 11 - 24 plant species in comparison to species-poor (improved) 

grasslands (<10 plant species) and semi-natural grasslands (>25 plant species). This 

semi-improved grassland category is believed to be a key element in the identification 

of HNV Type 2 farmland, characterised by agriculture of low intensity or a mosaic of 

semi-natural and cultivated habitats.  

While an examination of a range of plant and invertebrate groups has been undertaken 

simultaneously for a variety of grassland types, no studies (to the best of our 

knowledge) have been published regarding those factors which influence plants and 

invertebrates (epigeal and aerial) on wet grassland sites. Given that wet grasslands 

make up a substantial proportion of semi-natural grasslands in Western Europe, they 

will play a key role in the conservation of HNV farmland. More importantly, 

monitoring these sites in the context of payments for delivering biodiversity outcomes 

will require an understanding of those environmental conditions which promote 

biodiversity. Given that plants and invertebrates have different requirements, it is clear 

that monitoring biodiversity outputs based solely on plant species is not sufficient. This 

provides the incentive for this study whereby, for the first time, factors influencing wet 

grassland plants, epigeal (carabids) and aerial, (sciomyzids and dipteran families) 

invertebrates are determined, with a view to informing HNV farming practices which 

sustain these groups.  

4.3 Materials and Methods 

4.3.1 Study area 

The study area (19,337ha) covering six Electoral Divisions (EDs), is situated in Co 

Mayo in the north-west of Ireland (Figure 13) and comprises a range of upland (> 

150m MASL) after Fossitt (2000), lowland and coastal landscapes. It was selected for 

this study due to its recognition as an area with a potentially high cover of High Nature 

Value (HNV) farmland (European Environment Agency, 2009)  

 

 

 

 



Factors affecting plants, carabids and Diptera 

52 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13  Study area in the north-west of Ireland with the six Electoral Divisions 

outlined 

Farmers were contacted through a assortment of methods including cold calling, chain 

referral sampling (Heckathorn, 2002) and through agricultural planners and advisers. 

Sixty farmers (12% of farms within the study area) agreed to participate in the study. 

Stratified random sampling was then used to select farms from each of the six EDs (17 

farms in total). Criteria to be included in the study were that the farm had less than 

20% cover of coniferous plantations and that the land was actively farmed under 

management such as grazing, mowing, tillage or similar activity. The land user was 

also obliged to input some time and effort resulting in the production of goods for the 
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common market (adapted from Colreavy, 2012a, 2012b; Eurinco, 2011). The average 

farm size in the study was 24.7±15.1 (S.D.) ha and farms with wet grassland habitat of 

>0.1 hectare were considered suitable for plant and invertebrate study. All farms were 

examined using aerial photographs followed by site visits to select suitable sites of wet 

grassland habitat. For this study wet grassland was defined using Fossitt (2000). 

4.3.2 Sampling Methods 

Diptera sampling was undertaken at each site using 0.1mm mesh size sweep nets (120 

cm depth x 120 cm aperture). Six sweep paths (1m x 10m) separated by 1 m wide walk 

paths resulted in a 13m x 10m sampling station (Figure 14)  with a >10 meter buffer 

zone between the sampling station and the nearest boundaries.  

Finish                                                      Walk path 

Sweep path  6 (10m)                P6 

                Walk path  

Sweep path  5 (10m)                P5     

                 Walk path 

Sweep path  4 (10m)                P4    

                 Walk path 

Sweep path   3 (10m)               P3      

                   Walk path 

Sweep path   2 (10m)               P2       

                     Walk path 

Sweep path   1 (10m)               P1 

                                                         Walk path                               Start 

 

Figure 14 Schematic (not to scale) layout of sampling station -pitfall traps are 

numbered (P1- P6). A 10m buffer zone around the sampling station is not shown.  

Sweep netting was carried out in June, July and August (2011) with all specimens 

collected stored in 70% alcohol. All catches were identified to family level (Unwin, 

1984) with sciomyzids (Diptera) identified to species level (Rozkošný, 1987). 

1m  

 

m
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Sciomyzids were selected on the basis of their known occurrence in wetlands in 

addition to which a total of approximately 60 species in Ireland (Chandler et al., 2008) 

makes them a possible rapid indicator species of wet grassland. Carabids were sampled 

using six pitfall traps (8.5 x 10cm) positioned at the centre point of each sweep path. 

Each pitfall trap, part filled with ethylene glycol, was covered with a 15 x 15cm 

corriboard sheet approximately 2 cm above the ground surface to prevent flooding. In 

addition, each trap was covered by a protective cage to prevent disturbance by grazing 

animals (Moran et al., 2012). Pitfall traps were emptied on a fortnightly basis for six 

collections during June, July and August 2011. Collected carabids were stored in 70% 

alcohol and identified to species level using Forsythe (1987) and Luff (2007). Plant 

species were recorded once between July and August 2011 using quadrats (1m x1m) 

placed around each pitfall trap. Percentage cover of all plant species was recorded. 

Other variables such as percentage cover of bryophyte, dead vegetation, rock and bare 

ground were also recorded at each quadrat. On each occasion sweeps were taken, plant 

height (standing height) and length (longest fallen plant) were recorded at the position 

of the pitfall trap in the sweep path. Environmental conditions such as temperature, 

relative humidity, nebulosity, light intensity and wind speed were also taken on each 

sampling occasion. Soil samples were also collected at each sampling station to 

determine pH, moisture and carbon content using British Standards Methods (ANON, 

1990).  

ArcGIS® v10.1 (ESRI 2011) was used to map all habitats on the 17 farms including all 

linear features on the farms containing the study sites. These data were used to 

calculate various measurements pertaining to the studied wet grassland habitats as 

follows:(1) distance (m) from pitfall trap 3 (to keep all measurements as standard as 

possible pitfall trap 3 was taken as a point for any measurements taken for mapping ) 

to the centre of habitat patch the pitfall trap is in; (2) distance (m) to nearest linear 

habitat from pitfall trap 3;(3) distance (m) from the centre of the habitat to the centre of 

the nearest non-linear habitat; (4) distance (m) from centre of habitat to centre of 

nearest same habitat; (5) the size of the sampled wet grassland polygon. All the 

measured and calculated variables with mean + S.D. and range across sites are outlined 

in Appendix 4. 

 

4.3.3 Data Analysis 

Species richness and diversity of plants, carabids, Diptera families and Sciomyzidae 

were calculated. In addition the mean cover of Juncus, Carex, grasses and herbs per 

site was calculated using Excel. SPSS Version 21 was used to check distributions and 

linearity of data and run correlation analysis. Ellenberg indicator values (Hill, 1999) 

for pH, nitrogen, moisture, light and salt were calculated for all sampling stations using 

Weighted Averaging in PC-ORD v 6.0 (MJM Software, 2010). Plant data were also 

analysed using MAVIS (Modular Analysis of Vegetation Information System) which 

generates a CSR model for each site based on plant species composition in terms of 
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plant strategies: Competitive (C), Stress-tolerant (S) and Ruderal (R) species (Grime, 

1979).  

Multivariate analysis of the three groups (plants, carabids and Diptera) was undertaken 

using PC-ORD v 6.0 (MJM Software, 2010). Sciomyzidae data which were analysed 

separately using Excel and univariate correlation in SPSS Version 21, were found to be 

unsuitable for multivariate analysis due to low numbers occurring in samples (McCune 

and Grace, 2002). Data screening to identify outliers was carried out using 

Row/Column summary. Non-metric Multidimensional Scaling (NMS) of plants, 

carabids and Diptera was completed to identify patterns in the data. NMS was used as 

it avoids assumptions of linearity (McCune and Grace, 2002). As the data were zero 

rich and heterogeneous, the Sørensen distance measure was used. Plant, carabid and 

Diptera ordinations were overlaid with the same explanatory variables (Appendix 4) to 

evaluate inter-taxon similarities and to identify which variables were most influential 

in the ordination. The Mantel test in-PC-ORD v 6.0 (MJM Software, 2010) was used 

to evaluate the similarity of the three matrices 

4.4 Results  

The vegetation consisted of typical wet grassland communities (GS4) as classified by 

Fossitt (2000) (Appendix 5). The soils were acidic (pH 3.92 - 5.44) with soil moisture 

and soil carbon ranging from 32.39 - 91.99% and 9.49% - 86.21%, respectively 

(Appendix 4). There was no overall agreement regarding species richness for plants, 

carabids and Diptera between sites. Three different sites i.e. 17, 9 and 12, were the 

most species/family rich for plants, carabids and Diptera families respectively (Figure 

15). Spearman Rank correlations of the species/ family richness of the three groups 

were calculated with the environmental and ecological variables. Plant species richness 

was positively correlated with elevation and negatively correlated with % bryophyte 

cover and Ellenberg values for moisture. The significant results only are displayed 

(Table 12) and all the variables used in the study are outlined in Appendix 4. 
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Figure 15 Plants and carabid species richness and Diptera family richness with plant 

species richness in ascending order  

4.4.1 Plants 

A total of eighty-six plant species were identified with species richness and Shannon’s 

Diversity Index (H΄) ranging from 10 - 43 species and 1.82 – 3.27 respectively. Plant 

species with >70% frequency included the grasses Agrostis stolonifera (100%), Holcus 

lanatus (100%) and Festuca rubra (94%); the herbs Ranunculus repens (94%), 

Cardamine pratensis (78%), Epilobium palustre (72%)and Trifolium repens (72%); 

and the rush Juncus effusus, (89%) (Appendix5). 

 

Table 12. Spearman Rank correlations of plant and carabid species richness and 

Diptera family richness with significant variables given in bold (see Appendix 4 for 

complete set of variables) 

 

 

Spearman Rank Correlation (r) 

Plant 

species 

richness 

Carabid 

species 

richness 

Diptera 

family 

richness 

Elevation 0.815** 0.110 -0.237 

% cover bryophyte -0.656** -0.227 0.257 

Ellenberg moisture (plants of sampling station) -0.508* -0.353 -0.101 

 

*. Correlation is significant at the 0.05 level (2-tailed).  

**. Correlation is significant at the 0.01 level (2-tailed). 

 

4.4.2 Carabidae 

A total of 41 carabid species (8,409 individuals) were captured on the 17 sites (June - 

September, 2011). 86% of the total catch consisted of Pterostichus niger (37%), 

Agonum fuligonosum (16%), Pterostichus melanarius (14%), Pterostichus 

nigrita/rhaeticus (agg.) (12%) (Pterostichus nigrita and Pterostichus rhaeticus were 
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identified as an aggregate because genetic studies show that even separation by 

genitalia does not guarantee complete distinction of these two species (Luff, 2007)), 

and Carabus granulatus (7%). Eight species Amara aenea, Amara lunicollis, 

Bembidion obtusum, Bembidion punctulatum,, Carabus nemoralis, Elaphrus riparius, 

Notiophilus biguttatus, and Synuchus vivalis, occurred as singletons and two species 

Elaphrus uliginosus and Calathus fuscipes occurred as two individuals. Carabid 

species richness ranged from 12 (sites 3, 8, 13) to 21 species (site 9). Highest 

abundances were found at sites 2 (1211) and 5 (1400) while site 13 had the lowest 

abundance (49). Activity density which takes losses of pitfall traps into account 

showed that numbers of individuals per pitfall was also lowest at site 13 (1.75) and 

greatest at site 4 (38.9) (Appendix 6).  

4.4.3 Diptera 

A total of 13,347 flies (Order Diptera) were captured from the seventeen sites 

comprising fifty families. The best represented families in terms of abundance included 

Dolichopodidae (13.8%), Sciaridae (12.3%), Agromyzidae (11.4%), Sphaeroceridae 

(11%) and Periscelididae (10%) which combined accounted for 58.5% of total catch. 

Agromyzidae, Anthomyiidae, Chloropidae, Dolichopodidae, Lonchopteridae, 

Periscelididae, Phoridae, Sciaridae, Sepsidae and Sphaeroceridae were present on all 

sites. Abundances ranged from 253 individuals at Site 11 to 1997 individuals at Site 

5(Appendix 7). Unlike plants, no significant correlation was detected between Diptera 

family richness and any of the listed variables (Appendix 4). The total Diptera catch 

included ten sciomyzid species with total abundance of sixty-two individuals (Figure 

16) with sciomyzids being captured at just over half of the sites.  Pherbellia 

schoenherri was the most abundant species with twenty individuals followed by 

Tetanocera hyalipennis with seventeen individuals. Dictya umbrarum, Pherbellia 

griseola, Tetanocera fuscinervis and Tetanocera latifibula occured as singletons. Site 

15 was the most species rich with five species present (Appendix 8). Sciomyzid 

species richness and abundance showed no correlation with any of the listed variables 

(Appendix 4). 
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Figure 16.Sciomyzidae  species richness and abundance across all 17 sites 

 

 

4.5 Community Analysis 

To analyse and visualise differences between sampling sites in plant, carabid species 

and Diptera family community assemblages, NMS ordinations were undertaken and 

overlaid with the second matrix of measured environmental variables (Appendix 4). 

Sites are coded according to plant species richness (after Sullivan et al. 2010) i.e. semi-

natural grasslands with > 25 plant species and semi-improved / improved grasslands 

with < 24 plant species. 

 

4.5.1 Plants 

NMS ordinations of sites in plant space were undertaken and a 3-dimensional 

ordination was recommended. The ordination resulted in a final stress of 8.49822 and a 

final instability of <0.00000. Axis 1 explains 38% and Axis 2 explains 32% of variance 

in the ordination (Figure 17). Axis 3 is not displayed. An overlay of the second matrix 

of variables and the Pearson's correlation (r) between the ordination of sites and the 

potential explanatory variables is displayed (Figure 18; Table 13). 
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Figure 17  NMS ordination of sites in plant space with overlay of plant species and two 

categories of sites based on plant species richness. 
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Figure 18  NMS ordination of sites in plant space with overlay of variables and two 

categories of sites based on plant species richness. 

Axis 1 is positively correlated with Ellenberg pH and nitrogen and percentage cover of 

grass and negatively correlated with percentage cover of bryophytes, Ellenberg light 

values and Ellenberg moisture values, percentage Juncus and percentage Carex cover. 

The variation along axis 1 may be summarised as an increase of Ellenberg pH and 

nitrogen values for plants accompanied with a decrease in soil moisture indicating 

attempts at intensification by drainage and fertilisation. Axis 2 of the ordination is 

positively correlated with Ellenberg values for light, percentage cover of Carex, 

percentage cover of bryophyte and Stress-tolerant value for plants. Axis 2 is negatively 

correlated with average height and length of vegetation and Competitive values for 

plants. This variation on axis 2 may be summarised as a gradient of plant height and 

length. 
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Table 13 Pearson correlations of variables with Axes 1 and 2 for plants / carabid 

species and Diptera families. (Values>0.5 are in bold)  

 Plants Carabidae Diptera 

 Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2 

Elevation (m) 0.110 -0.357 0.165 0.432 0.360 0.053 

% cover bare ground -0.303 -0.073 -0.374 0.246 0.119 0.653 

% cover rock -0.131 -0.002 -0.208 0.126 0.117 0.283 

% cover of bryophyte -0.372 0.548 -0.375 0.202 -0.630 0.080 

% cover of dead 

vegetation 

0.286 -0.461 0.598 -0.285 0.077 -0.735 

Average height of plants 

of sampling station (cm) 

-0.112 -0.595 0.442 -0.491 -0.023 -0.616 

Average length of plants 

of sampling station (cm) 

-0.096 -0.649 0.419 -0.470 -0.048 -0.611 

Ellenberg light (plants of 

sampling station) 

-0.601 0.619 -0.594 -0.140 -0.579 0.194 

Ellenberg moisture 

(plants of sampling 

station) 

-0.732 -0.131 -0.353 -0.519 -0.220 0.175 

Ellenberg pH (plants of 

sampling station) 

0.547 -0.108 0.038 -0.110 0.349 0.247 

Ellenberg nitrogen (plants 

of sampling station) 

0.639 -0.304 0.289 0.260 0.434 0.146 

Ellenberg salt (plants of 

sampling station) 

-0.366 0.173 -0.343 -0.012 -0.526 0.218 

Juncus ( %cover)  -0.497 -0.096 0.040 -0.147 -0.414 -0.298 

Grass (%cover) 0.799 -0.107 0.155 -0.188 0.279 -0.159 

Carex (%cover) -0.468 0.476 -0.241 -0.130 -0.193 0.110 

Herbs (%cover) -0.103 0.161 0.007 -0.123 0.190 0.399 

Size of sampled polygon 

(ha) 

-0.194 -0.441 0.223 0.068 0.158 0.024 

Soil pH 0.036 0.075 0.171 0.286 0.061 0.013 

Soil % Moisture -0.184 0.061 0.147 0.209 -0.171 -0.211 

Soil % Carbon -0.409 0.204 -0.004 0.137 -0.222 -0.261 

Distance from pitfall trap 

3 to the centre of habitat 

patch the pitfall trap is 

in(m) 

0.106 0.131 -0.149 -0.036 0.002 0.108 

Distance to nearest linear 

habitat from pitfall traps 3 

(m) 

0.285 0.121 0.097 -0.253 0.126 -0.064 

Distance from centre of 

habitat to centre of 

nearest non linear habitat 

(m) 

0.301 -0.047 -0.043 -0.209 0.058 -0.130 

Distance from centre of 

habitat to centre of 

nearest same habitat (m) 

0.374 0.129 0.157 0.208 0.220 0.152 

Competitive values 

(strategy for plants) 

-0.006 -0.714 0.551 0.030 0.147 -0.361 

Stress-tolerant values 

(strategy for plants) 

-0.353 0.445 -0.057 -0.061 -0.354 -0.78 

Ruderal values(strategy 

for plants  

0.380 0.297 -0.411 0.037 0.238 0.587 
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4.5.2 Carabidae 

NMS ordinations of sites in carabid space were carried out and a 2-dimensional 

ordination was recommended . The ordination resulted in a final stress of 11.08906 and 

a final instability of <0.00000 . Axis 1 explains 71% and Axis 2 explains 17% of 

variance in the ordination (Figure 19). An overlay of the second matrix of variables 

revealed the association between the ordination of sites and the potential explanatory 

variables (Figure 20). All variables together with their Pearson's correlation (r) with 

axes 1 and 2 are outlined in Table 13. 
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Figure 19 NMS ordination sites in carabid space with carabid species overlay and two 

categories of sites based on plant species richness. 
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Figure 20  NMS ordination of sites in carabid space with overlay of variables listed in 

Appendix 4 and two categories of sites based on plant species richness. 

The change in carabid species composition between sites along axis 1 reflects changes 

in environmental conditions. Axis 1 is positively correlated with % dead vegetation, 

the average height and length of vegetation and C values for plants. Axis I is 

negatively correlated with Ellenberg values for light and Ellenberg values for moisture. 

The variation along axis 1 may be summarised as variation in grazing intensity 

increasing from positive to negative side. Axis 2 is negatively correlated with height 

and length of vegetation and Ellenberg values for moisture and positively correlated 

with elevation. This may be summarised as variation in moisture increasing from the 

positive end to the negative end. 

4.5.3 Diptera 

NMS ordinations of sites in Diptera family space were carried out and a 2-dimensional 

ordination was recommended. The ordination resulted in a final stress of 10.18365 and 

a final instability of <0.00000. Axis 1 explains 58% and Axis 2 explains 33% of 

variance (Figure 21). An overlay of the same matrix of variables used for plants and 

carabids revealed the association between the ordination of sites and the explanatory 

variables (Figure 22; Table 13). 
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Figure 21 NMS ordination of sites in Diptera family space withDiptera family overlay 

and two categories of sites based on plant species richness. 

Axis 1 is negatively correlated with Ellenberg salt, Ellenberg light and percentage 

cover of bryophyte. The variation along axis 1 may be summarised as an increase of 

Ellenberg r salt values (the mean value 0.40±0.19S.D across all sites) and light 

(indicating low plant structure) for plants indicating a gradient of soil improvement to 

the right side of axis 1. 



Factors affecting plants, carabids and Diptera 

65 

 

 

Figure 22 NMS ordination of sites in Diptera space with overlay of variables listed in 

Appendix 4 and two categories of sites based on plant species richness. 

Axis 2 is positively correlated with percentage bare ground and R values for plants and 

negatively correlated with percentage dead vegetation and the average height and 

length of plants. This suggests a range of grazing management decreasing from 

positive to negative end of Axis 2.  

4.5.4 Variables affecting plants, carabidae and Diptera 

On examination of Table 12 it can be seen that three variables (elevation, % cover of 

bryophyte and Ellenberg values for moisture) are correlated with the species richness 

of plants. The species richness of carabids or Diptera family richness are not 

significantly correlated with any of the variables. 

The relationship between the composition of plant, carabid and Diptera communities 

was evaluated using the Mantel test. The Mantel test is used to gauge whether 

associations between matrices suggest that the matrices tell a similar story. Results 

indicate that there is no significant relationship between the composition of three taxa 

across the sites (plants and carabids: Mantel r = 0.142490, p =0.323325; plants and 

Diptera: Mantel r = 0.159447, p = 0.305037; Carabids and Diptera: Mantel r = 

0.106411, p = 0.427000). 
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4.6 Discussion 

The wet grassland habitats in this study consisted of typical wet grassland communities 

(GS4) as classified by Fossitt (2000) (O’Neill et al., 2013).The soils were acidic with a 

wide range of soil moisture and soil carbon. Semi-natural wet grassland habitats almost 

always exist within farming systems. Grazing by livestock (followed by drainage) is by 

far the most frequent management activity undertaken on Irish semi-natural grasslands 

(O’Neill et al., 2013). This study of wet grasslands indicates that the species richness 

of plants follows a different pattern to that of carabid species and Dipteran families. In 

addition, plants species richness was the only group showing any correlation with the 

measured environmental variables. Plant species richness was positively correlated 

with elevation and negatively correlated with Ellenberg moisture and % cover of 

bryophyte. However carabid species and Diptera family richness were not correlated 

with any of the measured environmental variables. 

 

4.6.1 Factors affecting plant community composition 

At the community level plants were ordered along a gradient of soil conditions such as 

pH, nitrogen, moisture and light (explaining 38% of variation) suggesting that attempts 

at soil improvement of the wet grasslands results in changes in plant species 

composition. Toogood and Joyce (2009) studied wet grassland plant community 

responses to raised water levels and their results showed that with increasing wetness, 

sites were characterised by a greater cover of sedges, stress-tolerating competitive 

species, helophytes and hydrophytes. However, the cover of monocots, grasses, 

perennials and competitive stress-tolerating ruderal strategists increased with declining 

wetness (Toogood and Joyce, 2009). As we can see from the ordination diagram, the 

percentage cover of Carex and percentage cover of grasses indicate agreement with 

their findings along axis 1. They concluded that the hydrological regime was the most 

important factor influencing plant communities (Toogood and Joyce, 2009). In 

temperate and semi-dry grasslands, water and nutrient availability each affect grassland 

diversity (Dengler et al., 2014). Overall plant diversity typically declines with 

decreasing water availability (Pausas and Austin, 2001) and increasing nutrients have 

negative effects on the diversity of grassland communities (Janssens et al., 1998). In 

grasslands the species richness–pH relationship peaks at about pH 6–7 (Schuster and 

Diekmann, 2003) and at pH values lower than 6, the species richness–pH relationship 

in grasslands is nearly always positive (Crawley et al., 2005) In this study the wet 

grasslands habitats all had values below the pH value of 6, with mean values of 

4.8±1.6 SD. 

Axis 2 of the ordination, explaining 32% of variation in plant communities suggests a 

gradient from plant communities with Competitive individuals to communities with 

Stress-tolerant individuals. Competitors are plant species such as Epilobium hirsutum 

and Urtica dioica (Grime et al., 1988) that thrive in areas of low intensity stress and 

low disturbance  (e.g. These species are able to out-compete other plants by most 

efficiently tapping into available resources (Grime, 1979). Stress tolerators of damp 
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grassland such as Carex panicea and Succisa pratensis (Grime et al., 1988) are plant 

species that live in areas of high intensity stress and low intensity disturbance. These 

species generally have slow growth rates, long lived leaves and high rates of nutrient 

retention. Stress tolerators respond to environmental stresses and are often found in 

stressful environments such as nutrient deficient soils and areas of extreme pH levels 

(Grime, 1979). Both of these strategy types (C, S) thrive in low disturbance areas 

indicating that low levels of grazing are important to their maintenance. (Grazing is the 

common management technique practised on wet grassland sites in the study). This 

agrees with Herbst et al (2013) who concluded from their study on meadows, mown 

meadows and pastures with different soil, vegetation and rainfall that extensive grazing 

management practices have a positive effect particularly on plant species richness 

(Herbst et al., 2013). Examination of the data on the sites falling on opposite sides axis 

2 indicates that it is nutrient levels rather than pH levels that separate these 

communities in this ordination. Plants have a certain range of tolerance of temperature, 

light, and soil pH. and if we wish to make inferences about the ecological conditions at 

a site we can get useful information from the flora (Hill, 1999). 

4.6.2 Factors affecting Carabidae 

Community analysis shows that axis 1 explains 71% of the variation in carabid 

community composition and it can be described mainly as a gradient of grazing 

management with evidence of low grazing intensity indicated by a high % cover of 

dead vegetation and height and length of plants. In addition, Competitive values for 

plant communities along the positive side of axis 1 also indicate a gradient of low 

stress and low disturbance. According to Perner and Malt (2003) vegetation height and 

length are important factors affecting the suitability of microclimate conditions for 

carabids in wet grassland habitats (Perner and Malt, 2003). Four of the five most 

abundant carabid species in this study (Agonum fuligonosum, Pterostichus melanarius, 

Pterostichus niger, Carabus granulatus) are found on the right side of axis 1.These are 

common species and they are widespread and abundant on damp grasslands habitats 

(Luff, 2007) and in this study show their preference for less disturbed sites. By 

comparison, the left side of axis 1 indicates more heavily grazed conditions as 

indicated by Ellenberg values of plants for light and % cover of bare ground and 

Ruderal values for plants. These factors seem to be favourable for Agonum viduum. 

Grandchamp et al. (2005) suggests that while Agonum viduum is found in all kinds of 

humid habitats, it is an indicator of grasslands which have been disturbed by mowing . 

Axis 2 explains 17% of the variation in carabid species composition between sites. 

Pterostichus nigrita/rhaeticus (agg) was positively affected by elevation. However, 

given that all wet grasslands in the study are lowland, this suggests that this is more a 

reflection of the changes in composition to a moisture gradient than elevation per se. 

The primary gradient is management within the grasslands studied with minor 

variations in moisture between sites accounting for variation along axis 2. Pterostichus 

nigrita is found in almost all damp lowland habitats but Pterostichus rhaeticus is 

associated with wet grasslands especially at higher altitude where it is widespread and 
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abundant (their habitats may overlap) (Luff, 2007). Nebria brevicollis is described as 

occurring on almost all habitats and is absent from only very wet situations (Anderson 

et al., 2000), and is most abundant on wet grassland site 4 which at an altitude of 145m 

is the highest site in the study but remains below the 150m which is change point to be 

classed as upland (Fossitt 2000).  

 On the other hand, Elaphrus riparius is known to prefer bare ground near standing 

water and is generally absent from upland habitats whereas Elaphrus uliginosus 

(usually scarce in Ireland (Luff, 2007)) prefers open sites along the margins of lakes 

and bogs without too much vegetation. These two species and Carabus clatratus 

(scarce in Ireland (Luff, 2007)) require freshwater which may be present on wet 

ground as a result of high disturbance and poaching by large grazing animals This also 

agrees with Williams et al. (2014) who found Carabus clatratus more commonly on 

disturbed sites frequently perceived as “bad” habitat when assessed on the basis of 

vegetation alone.  

4.6.3 Factors affecting Diptera families 

Axis 1 explains 58% of the variation in Diptera community composition. Percentage 

cover of bryophyte and Ellenberg values for light and salt are some of the main factors 

along axis 1. (The Ellenberg value of plants for salt of 0 means these plants are not 

found in saline sites and if they are in coastal situations, they are only accidental and 

non-persistent if they are subjected to saline spray or water. A value of 1 indicates 

slightly salt-tolerant species, rare to occasional on saline soils but capable of persisting 

in the presence of salt (Hill, 1999)). Bryophyte cover ranges from 76% cover at site 11 

on left side of axis 1 to 0.0% cover at site 5 and grass cover ranges from 57% to 104%, 

indicating contrasting plant height and length that is affecting Diptera communities. In 

addition, soil moisture, carbon and pH are lower and these factors also may affect 

directly or indirectly the Diptera families that are found there. For example, the family 

Agromyzidae is a large and widely distributed family having phytophagous larvae that 

are host specific as leaf miners and stem borers, and the adults occur where the larval 

host plants are found, many of which occur in wetlands (Drake, 2010). Lonchopteridae 

adults are nectar feeders (Oosterbroek, 2006) requiring flowering plants as their food 

source. In addition, Opomyzidae and Anthomyzidae have larvae that live in stems and 

leaves of grasses and the adults are found in a variety of damp habitats. Drosophilidae 

and Sciaridae have species that depend on rotting organic matter and occur widely 

(Oosterbroek, 2006).The requirements of these families indicate that Diptera 

communities are affected by plant structure and niche availability. This study also 

indicates that Diptera families were, for the most part, associated with sites with less 

than 25 plant species. This agrees with experimental studies carried out by Siemann 

(1998) who found that the number and abundance of arthropods as well as species 

richness and abundance of all trophic groups were greater in habitats with increased 

plant productivity and structure caused by intermediate levels of modern fertilization in 

grasslands.  
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Other influencing factors along axis 2 include grazing management as indicated by 

height and length of plants, percentage cover of dead vegetation, percentage cover of 

bare ground and Ruderal values for plants. In addition to the importance of grazing 

practices (disturbance), the vegetation cover and the percentage cover of dead 

vegetation in grasslands were found to greatly affect the abundance and species 

richness of predatory bugs in particular. This indicates the importance of structural 

diversity, as opposed to simply plants species richness for predatory invertebrates such 

as Family Dolichopodidae (Diptera) (Torma and Császár, 2013). 

The Family Sciomyzidae had low capture rates possibly due to a combination of 

sampling limitations and low densities (Knutson and Vala, 2011). Species richness was 

not significantly correlated with any of the measured variables. Even though sciomyzid 

species occur in a great variety of habitats from terrestrial to aquatic, and the adults are 

usually closely associated with the microhabitat of the primarily malacophagous 

larvae. In addition they cannot tolerate highly disturbed areas such as heavily grazed 

fields and the adults are not generally attracted to flowers (Knutson and Vala, 2011). 

The most abundant species Pherbellia schoenherri favours wetland, marsh, fen, reed 

and tall sedge habitats and the larva is an internal parasitoid of Succinea species 

(Mollusca) (Speight and Knutson, 2012). Tetanocera hyalipennis, also recorded in this 

study, is a species of wetland/open ground/forest, fen and marsh, flushes and pool 

margins in humid, seasonally-flooded, unimproved, lightly-grazed grassland while 

Limnia unguicornis is also a species of open ground, lightly-grazed, unimproved, non-

flooded grassland (Speight and Knutson, 2012). In general, many Sciomyzidae adults 

are sedentary and confine their movements within range of their larval prey species 

(Vala and Brunel, 1987). 

4.6.4 Comparing the factors affecting the three groups 

When we focus on community assemblages NMS ordinations reveal some similarities 

in the factors affecting the three groups. A synopsised version is outlined in (Table 14). 

Some of the most important factors at habitat level include soil conditions and grazing 

management. Soil conditions are indicated by the range of variables such as Ellenberg 

values for light, moisture, pH, nitrogen and salt (Table 14). In studies of wet 

grasslands, Zelnik and Carni (2013) found that the plant assemblages are often affected 

by abiotic factors such as the chemical properties of the soil (Zelnik and Carni, 2013). 

Our study agrees with De Bruyn et al (2001) who found that the distribution of plant 

and fly communities were both affected by soil conditions (De Bruyn et al., 2001). 

Any changes to soil moisture, pH and nitrogen through drainage, liming or 

fertilisation, are likely to have an adverse impact on plant and invertebrate community 

composition to varying degrees (Ausden, 2007). 
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Table 14 Synopsis of community analysis with the most significant variables, the 

management practices that influence them and the group affected 

Variable 

Management 

type 

indicated Plants Carabids Diptera 

% cover bare ground Grazing   √ 

% cover of bryophyte Grazing √  √ 

% cover of dead vegetation Grazing  √ √ 

Average height of plants of sampling 

station (cm) Grazing 
√  √ 

Average length of plants of sampling 

station (cm) Grazing 
√  √ 

Competitive values (strategy for plants) Grazing √ √  

Ruderal values (strategy for plants) Grazing 

  

√ 

Ellenberg light (plants of sampling 

station) Grazing 
√ √ √ 

Ellenberg nitrogen (plants of sampling 

station) Fertilisation 
√   

Grass (%cover) Fertilisation √   

Ellenberg moisture (plants of sampling 

station) Drainage 
√ √  

Ellenberg pH (plants of sampling 

station) Liming 
√   

Ellenberg salt (plants of sampling 

station) 

 

  √ 

 

Of all the variables tested, those which result from grazing (Table 14) appear to affect  

plants, carabids and Diptera the most and of those, light appears to be the only variable 

which affects all three groups simultaneously. Low intensity livestock farming systems 

with low fertilizer inputs and moderate grazing are likely to be important management 

strategies in maintaining and promoting the ecological diversity of semi-natural 

grasslands (Vickery et al., 2001). In order to conserve the broad range of plant and 

invertebrate species found on wet grassland habitats it is, therefore, essential that 

heterogeneity of habitats including a mosaic of habitat conditions such as found in this 

study is created and maintained. Careful grazing management that allows the animals 

to express their dietary preferences can efficiently provide this heterogeneity of 

habitats whereby a variety of taxa are catered for (Dennis et al., 1998).  

 

4.7 Conclusion 

We conclude that the diversity of plants, carabids and Diptera families is influenced by 

management intensity in semi-natural wet grasslands. Nevertheless, it is presumed that 

this result is due to the range of grazing intensity in these habitats, and that diversity is 

likely to decrease if management is intensified. This study has shown that plants, 

carabids and Diptera families in wet grassland habitats are affected by many 

interacting factors among which no single factor can be taken in isolation. Of particular 
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importance to carabids and Diptera is percentage cover of bare ground and dead 

vegetation, and features of  both play key roles in the life-cycles of a range of 

invertebrate species. This shows that basing the HNV conservation and management 

strategies of wet grasslands on plant species alone would not take into account the 

needs of the carabid and Diptera invertebrate fauna. 

  

The key objective of the conservation management strategies would be the 

implementation of conservation actions that maintain a range of soil and habitat 

heterogeneity, that are under most threat in semi-natural wet grasslands and/or are in 

short supply in a given landscape. These strategies could be based effectively on the 

maintenance of soil moisture levels and appropriate grazing management and they 

could be easily implemented at farm level. In addition, it is recommended that features 

including bare ground and dead vegetation be incorporated in future management 

prescriptions for HNV wet grasslands to ensure the protection of both plants and 

invertebrate species.  
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5. General Discussion  

There were three major aims to this study: 

1. To develop a rapid nature value index for HNV pastoral farmland in the west of 

Ireland. A simple, easy-to-use index is urgently required to identify HNV farms so that 

agri-environmental payments can be directed to those farms with the highest 

biodiversity. 

2. To develop a rapid methodology for assessing the biodiversity of wet grasslands, 

currently estimated to be most plant species-rich grassland in the west of Ireland. 

Given that it is not possible to assess all wet grassland taxa, the value of using one or 

more taxa to assess the overall biodiversity of wet grassland needs to be determined for 

identification and monitoring purposes. 

3. To determine those factors which affect not only wet grassland plants but 

invertebrates as well so that a suite of management measures can be put in place by 

landowners to ensure maximum protection for biodiversity. 

 The outcomes of each of the above aims will be discussed below, followed by 

conclusions and recommendations for further study.  

5.2 Development of a nature value index for pastoral farmland – a rapid farm-

level assessment.  

It was estimated that Ireland had 20-30% HNV cover based on the HNV Baseline 

Indicator which was intended to provide an estimate of the extent of land under HNV 

farming in a MS or region at the start of the 2007 – 2013 Rural Development 

programmes (Cooper et al., 2007). This information was intended to give an indication 

of the scale of HNV farmland and the level of resources that needed to be addressed, 

maintained and developed. Since then the European Commission has attempted to 

provide further guidance to MSs on the identification of HNV nationally (Cooper and 

Beaufoy, 2009; Paracchini et al., 2006). Further clarification regarding the extent of 

HNV farmland nationally could be achieved through compilation and analysis of data 

at national level (Cooper and Beaufoy, 2009). Consequently, the need for more 

detailed information on the ecological status of farmland habitats and the intensity of 

agricultural practices is required to facilitate HNV farmland assessment at national and 

regional scales (Paracchini et al., 2008).  

While some MSs have developed specific methodologies at national level to identify 

the extent and quality of HNV farmland, these may not always be transferable to other 

MSs. Examples of the range of methodologies  currently employed to identify HNV 

farmland include using bird distribution data in Central Italy (Morelli et al., 2014). In 

Scotland, rough grazing and livestock units per available forage hectare were used to 

estimate HNV farmland. In this case, rough grazing was used as a surrogate for semi-

natural vegetation. Livestock Units per available forage hectare were used as a 

surrogate for management intensity and it was found that less than 0.5 LU/ha was 
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indicative of High Nature Value farmland (Scottish Government, 2011). In France, 

Doxa et al (2012) concentrated on historical farmland data to investigate the status of 

birds on land under different intensities of agricultural management to distinguish 

HNV farmland areas. The German system for identification and quantification of HNV 

(Oppermann, 2008) is based on a number of German landscape and extensive plant 

indicator taxa databases. However, similar databases containing quality measures for 

the assessment of landscape elements and their contribution to biodiversity are not 

currently available throughout all EU member states. For this reason, HNV 

identification indices which are easier to calculate and apply are urgently required.  

When developing national or regional indicators for HNV farming and farm level 

support payments, it is important to ground-truth them at the local level to test the 

accuracy and sensitivity of the indicators (Cooper and Beaufoy, 2009). This can be 

achieved by conducting a number of case studies at sites which have been selected 

because they are regarded as typical of HNV farmland across a wider area. Indicators 

to cover the two main aims in identifying HNV farmland would be quantitative 

indicators (which provide information on changes in the extent of HNV farming in 

relation to some baseline) and qualitative indicators (which provide information on 

changes in condition of HNV farmland such as trends in the biodiversity associated 

with HNV farming over the period of the Rural Development Programme) (Cooper 

and Beaufoy, 2009)  

Our data analysis indicates that three easily quantified components which, when 

combined in a single index, can provide a novel and meaningful assessment of the 

nature value status of a farm. The three selected variables (semi-natural habitat cover, 

livestock units per hectare utilisable agriculture area and linear habitats) encompass a 

range of factors which have also been described as being important in the assessment 

of farmland biodiversity elsewhere (Baudry et al. 2000; Cooper et al. 2007; Sullivan et 

al. 2011).  

The proportion of semi-natural habitats in an agricultural landscape has been found to 

be an effective predictor of farmland diversity(Hendrickx et al., 2007). For the 

purposes of the index developed in this study, percentage of improved agricultural 

grassland was used as a surrogate for the percentage of semi-natural habitats on a farm 

as it is more readily identified without ecological expertise and is present on a high 

proportion of pastoral farms across Europe (Hoogeveen et al., 2004). In addition, linear 

habitats are significant contributors to biodiversity on farmlands (Baudry et al., 2000; 

Le Cœur et al., 2002; Marshall and Moonen, 2002) and they can be affected by the 

management intensity of a farm. In terms of biodiversity the combination of linear 

habitats (in meters) with total farm area (in hectares) is more ecologically significant 

than length of linear habitats alone. These can be easily calculated using GIS in 

combination with aerial photographs on which farm boundaries can be overlaid. The 

third element of the index i.e. livestock units have also been described as an important 

feature of land management in numerous studies on European farmland (Ausden, 
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2007; Bignal and McCracken, 1996; Gibson, 2009; Olff and Ritchie, 1998). It is 

generally accepted that <1LU/ha supports and maintains areas of semi-natural 

vegetation (Firbank et al., 2013) 

An important potential use for this nature value index is the identification of HNV 

farmland at farm scale. The need to distinguish HNV from non-HNV farmland at a 

land parcel level has already been highlighted by Keenleyside et al. (2014). Taking 

results of analyses into consideration, data on the three different variables were 

aggregated to compile an index with the score ranging from 1-10. The score of 10 was 

applied as follows, 5 points, 3 points and 2 points relating to percentage cover of 

improved agricultural grassland, linear habitat totals meters per hectare and livestock 

units per ha UAA respectively. A score of ten represents the best that a farm can 

achieve from a nature value status and a score of one represents the lowest score. After 

examination of the analysis and taking the European typology for the identification of 

HNV farmland into account, an index score value of <4.5 has been suggested as the 

change point from HNV to non HNV farmland. Farms scoring greater than 4.5 using 

this index could be classed as HNV farms. 

When the index was used to score the Mayo sample farms, it resulted in 4 non-HNV 

and 26 HNV farms. In comparison, the farms used for validation resulted in 16 non-

HNV and 44 HNV farms. In Galway, farms scored 14 non-HNV and 18 HNV. In Sligo 

scores resulted in 1 non-HNV and 12 HNV and Leitrim farm scores resulted in 1 non-

HNV and 14 HNV farms.  The scores reflect the increased management intensity in the 

Galway region in comparison to Mayo, Sligo and Leitrim. This index could easily be 

applied throughout Ireland to identify potential HNV hotspots that would benefit from 

targeted supports through the RDP. 

 

While the use of this index would speed up considerably the identification of HNV 

farms, at least in the west of Ireland, it is important to be aware of both the advantages 

and disadvantages of using indices (composite indicators) which are listed below as 

summarised by Nardo et al (2005): 

Advantages:  

 They can summarise complex issues to support decision-makers  

 They are easier to interpret than trying to find a trend in a wide range of 

individual indicators 

 They can assist in ranking countries (or in this case farms)  

 They can be useful to monitor progress over time 

 They reduce the size of a set of indicators  

 They can place farm  performance and progress at the centre of policy   

 They can help to improve communication with farmers and increase the level 

of accountability (Nardo et al., 2005). 

Disadvantages:  
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 If indices are not compiled accurately or if they lead to misinterpretation, they 

can give inaccurate feedback on policy measures  

 They may lead to over-simplistic conclusions on complicated issues 

 They can be used to support a desired policies  if they are not compiled in a 

transparent way based on sound theory and statistics  

 The selection of the indicators and the weights applied to them could be 

challenged  

 A composite index may cover up serious failings in some trends, and make it 

more difficult to identify proper corrective actions  

 They may lead to wrong policies, if features of importance are not included 

because they are difficult to measure and quantify (Nardo et al., 2005). 

In comparison to points made by Nardo et al. (2005) above, the advantages and 

disadvantages of the index compiled in this study can be summarised as follows: 

Advantages: 

 Its simplicity means that it can be used by anyone including farmers to 

estimate the HNV status of their landholdings. 

 The index score value can empower farmers when making decisions regarding 

farming practices that can affect the nature value status of the farm  

 The index can facilitate the targeting of environmental management actions at 

farm level.  

 It can also be used as a monitoring tool from year to year indicating either the 

improvement or decline in the nature value status of the farm.  

 The index can also be used easily and frequently to estimate the extent and 

typology of HNV farming in different regions thereby complying with 

European regulations.  

 The index also has the potential for use as a measure of the production of 

public goods and services (by HNV farming) and can be used in combination 

with other indices to form composite indices for use in wider monitoring 

programmes of sustainability across Europe. 

Disadvantages:  

 In addition to all the disadvantages listed and described by Nardo 2005, the 

main drawback of this index is that it takes no account of the quality of 

habitats and deals only with the quantity and number of habitats on the farm. 

According to Piorr (2003) the application of indices is expected to be multiple  and 

include agri-environmental reports, international comparability of environmental 

concerns, development plans, national feed-back on regulations, conventions and 

environmental initiatives. Indices are only effective if they have the ability to 

contribute to policy development with the inference that indicators are powerful 

enough to shape policy goals. Consequently, they are required to supply information 

on the success or failure of a policy. It is therefore important to be able to distinguish 

policy effects and to identify environmental trends that are unlikely to have taken place 

in the absence of the policy (Piorr, 2003). If HNV farmland is to succeed it is likely to 

require some level of support in the long term. and successful and efficient use of 
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resources require a high level of farmer involvement and commitment (Beaufoy, 

2000). With the use of this HNV index, each farmer can use his/her own information as 

a baseline or point in time from which he/she can both identify, monitor and manage 

the direction of change of the status of his/her own farm. In addition and importantly, 

farmer feedback can be used to identify the strengths and weaknesses of the index and 

management practices it identifies in a feedback process, and contribute to the 

improvement of both. 

5.3 Assessing the biodiversity value of wet grasslands: can selected plant and 

invertebrate taxa be used as rapid indicators of species richness at a local scale? 

 During the mid 1990s it was recognised that, in many, places particular styles of 

farming were positively linked to biodiversity (Bignal and McCracken, 1996). Very 

often these systems were long established with farm modernisation being prevented by 

physical constraints, location or, in some places, regional culture. To differentiate them 

from the more damaging modernized, intensive systems, they were termed low 

intensity farming systems / HNV farming systems. HNV farming systems maintain a 

wide range of vegetation structures and niches such as different semi- natural habitats, 

and different land use types on farmland which in turn are essential for a range of 

species. A varied habitat mosaic generally maintains the highest biodiversity (Klimek 

et al., 2014). HNV farmlands are typically floristically species-rich and structurally 

heterogeneous and for this reason they have a high biodiversity value for plants and 

invertebrates. All semi-natural grasslands can be regarded as HNV grasslands which 

are generally evaluated based on plant species richness. By comparison the evaluation 

of invertebrate biodiversity is more difficult given that invertebrates require the use of 

a variety of sampling equipment and specialist taxonomic expertise. Nevertheless, 

invertebrates are an abundant and functionally important component of grasslands 

(Voigt et al., 2003) supporting nutrient cycling (Hutton and Giller, 2003) and 

pollination (Forup and Memmott, 2005) while providing a link between plants and 

higher trophic levels, such as birds (Vickery et al., 2001). Invertebrates also constitute 

a substantial proportion of terrestrial biodiversity and are critical to ecosystem 

function. However, their inclusion in biodiversity monitoring and conservation 

planning and management has lagged behind better-known, more widely appreciated 

and charismatic taxa (McGeoch et al., 2011). 

The rapid nature value index for farms described above which  can be used to identify 

HNV farmland would benefit from the addition of a bioindicator at the local scale for 

the rapid assessment of the quality of semi-natural wet grassland habitats. Semi-natural 

wet grasslands are the dominant species rich grasslands in the west of Ireland and a 

means for evaluating their biodiversity would be an important factor contributing to the 

identification and management of HNV grasslands on farms. However, a 

comprehensive evaluation of all taxa in these grasslands would not be possible due to 

cost, time and specialist taxonomic constraints. In exploring avenues to overcome this 

difficulty, the species richness of seven taxa commonly occurring on wet grasslands 
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was investigated in the search for potential bioindicators of diversity (Gerlach et al., 

2013) for the remaining taxa in the study. Three groups (plants, Diptera and carabids) 

were divided into seven taxa (grasses, herbs, sedges, rushes Diptera parataxonomic, 

sciomyzids and carabids).  

The species richness of sedges as an individual taxon was the best indicator of the 

biodiversity of the other taxa. Much discussion surrounds the strength of correlation 

co-efficients (r) that is required to be considered a suitable bioindicator. However, as 

the correlation co-efficient of sedges with the remaining six taxa was r=0.68, it was 

considered suitable (Dollar et al., 2014). In addition, the species richness of sedges & 

carabids combined was also identified as an efficient bioindicator (r=0.739). The 

discussion with regard to correlation coefficients is outlined in Chapter 2. Paoletti 

(1999) discussed bioindicators that use species richness (biodiversity) as a tool to 

evaluate environmental quality and he stated that making identification of biodiversity 

easier for non-experts is an important goal. However, common sense is always 

required in interpreting field data and appropriate statistical methods are important 

(Paoletti, 1999). The benefits of using the taxa identified in this study include:  

 the limited numbers of sedges identified in Irish semi-natural grasslands 

(O’Neill et al., 2013)  

 the low numbers of carabid species (Luff, 2007)  

 the ease of sampling of carabids  

In addition, simply separating the sedges into different groups based on external 

features, rather than identifying the sedges to species level, would be sufficient as a 

rapid assessment tool by non-experts in the field. It also "opens the door" for the use of 

sedges as a rapid assessment tool as follows: data from this study suggests that fields 

with three sedge species present would indicate the presence of twenty-five or more 

plant species. Fields with less than three sedge species would indicate the presence of 

less than twenty; five plant species. So the number of sedges species can be a good 

indication of the plant species richness of grasslands. The availability of this type of 

information at field level can be significant because this is the scale at which farm 

management planning and actions such as agri-environmental schemes are mostly 

undertaken, and therefore the scale at which suitable rapid assessment tools would be 

of most practical value for the assessment and on-going evaluation of such actions. 

When we are trying to develop rapid assessment tools we must be mindful that the 

level of accuracy is dependent on the selection of the group or taxa and the temporal 

and spatial scale at which they are studied. In this study commonly occurring plants 

and invertebrates on semi-natural wet grassland habitats were studied so any 

bioindicator identified is limited only to semi-natural wet grasslands. Another issue 

that arises in that we do not know whether a taxon or group selected a priori are useful 

as indicators of biodiversity until after they have been studied and analysed.  Even 

though the value of rapid assessment tools to help identify and protect some 

ecologically important communities before they are lost is recognized, it must be also 

be clarified that they only relate part of the information on the actual species studied. 
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Any indicator of biodiversity must be used with caution because at best it can only 

represent a small portion of biodiversity of any habitat. While a strong argument can be 

made for the use of rapid bioindicators to prevent loss of biodiversity , their use must 

eventually be supplemented with more detailed studies to examine their accuracy over 

the long term (Fleishman et al., 2006). 

5.4 Factors affecting plant, carabid and Diptera assemblages of wet grassland 

habitats: implications for the management of High Nature Value farmland? 

Groups of taxa have been studied simultaneously for a range of habitats to try to 

determine whether they are affected by similar or differing habitat conditions.  This 

helps to quantify the effects of changing management, environmental and ecological 

conditions on the diversity of commonly occurring taxa in agricultural grasslands. 

Many of these studies indicate that species/groups of species are affected in different 

ways by management practices on a range of habitat types (Flohre et al., 2011).  

Consequently, to successfully develop strategies to manage and enhance the 

biodiversity of habitats, we need to take an integrated approach to the conservation of 

commonly occurring taxa in semi-natural agricultural habitats. Field scale 

environmental assessment and performance are important factors in agri-environmental 

schemes. Management prescriptions to enhance the biodiversity of grasslands on all 

farms considered to be HNV also need to be clearly outlined. To achieve this, an in-

depth analysis was carried out on the factors affecting commonly occurring species on 

wet grassland habitats. The three groups, plants carabids and Diptera families, were 

studied at the same time in the same habitat over a period of three months. This 

methodology was used to try to determine whether these taxa were affected by similar 

habitat conditions or whether they had differing habitat requirements. The value of 

these data is that they can inform recommendations regarding management practices 

for semi-natural wet grasslands taking into account not only plants but aerial and 

epigeal invertebrates.  

Overall the study revealed that a range of different factors found even in a single 

habitat type (wet grasslands) affect the three groups. Initially, if we look at plant 

communities we see that they are affected by soil conditions such as moisture levels, 

nitrogen and pH levels. Moisture levels are one of the most critical factors affecting 

plant diversity. Many wet grasslands have been improved by drainage which may 

increase grass growth in spring but this drainage can also cause drying and reduce the 

availability of water for plant growth later in the season (Tyson et al., 1992). Many 

plant species-rich HNV grasslands have developed in nutrient poor conditions that 

have reduced growth rates and allowed a variety of slow growing stress-tolerant plants 

to co-exist. Increasing the nutrient levels by adding fertilisers will favour the growth of 

more vigorous species to the detriment of others and are also likely to increase litter 

production. This in turn can smother out smaller plants and reduce gaps available in the 

sward for regeneration. Plant communities are also affected by physical conditions 

including the cover of sedges, moss, rushes and grasses and dead vegetation. If we are 
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to consider management related factors influencing plant composition of grasslands we 

have to consider the intensity and timing of vegetation removal (by grazing in the 

majority of cases), which will influence competition between plant species and the 

extent to which grazing provides gaps within which plants can germinate and become 

established. These germination gaps of disturbed and bare ground are formed by 

trampling and they are required for ruderal flora to establish within grasslands. Grazing 

intensity and timing can also affect seed production (Ausden, 2007).  

When we look at the factors affecting carabids communities we can see that they are 

influenced by the levels of cover of dead vegetation, plant height and length, moisture 

and elevation. This variety of factors can result from and be influenced by grazing 

management. Reduced standing crop, fewer flowering plants and reduced dead 

vegetation can lead to a more severe microclimate at the soil surface. For example in 

hazy sunshine at midday in Southern England there is a 7° C difference in temp at soil 

surface under 1cm and 7cm vegetation height (Thomas, 1983) .The body temperature 

of invertebrates is heavily dependent on that of their immediate microclimatic 

conditions. Many invertebrates have precise microclimate requirements and those 

which are slow moving, in particular, may not be able to traverse large areas where 

temperature and humidity are inappropriate owing to extensive shading or exposure 

(Cooper et al., 2007). In addition for ground-dwelling predators, refuges within the 

sward play a crucial role in habitat suitability for many taxa, such as ground or rove 

beetles (Morris, 2000). 

Factors affecting Diptera are expected to vary within individual families. When 

considered in detail in this study, Diptera families are influenced by cover of bare 

ground, dead vegetation and bryophyte and plant height and length. The physical 

characteristics of structurally varied vegetation can provide a range of suitable 

conditions that support diverse and abundant invertebrate communities as opposed to a 

homogenous sward e.g. some grassland plants such as Knautia arvensis, Cirsium sp 

and Lotus corniculatus have over fifty species of invertebrates associated with them 

(Crofts, 1999). Plant family, the colour of flowers and nectar availability structure, 

temperature and sunlight condition , bare ground water and nitrogen content (Price, 

2003) are likely to influence the right conditions to maximise the opportunities for egg 

laying, and for feeding larvae and adult stages for many Diptera species.  

When we compare and contrast all the relevant factors affecting plants, carabids and 

Diptera it becomes clear that management of wet grassland sites is crucial to providing 

and maintaining conditions that are suitable for all three groups to varying degrees. 

Grazing is the management technique practised on the majority of wet grassland 

habitats in Ireland (O’Neill et al., 2013) and its management  must be considered key 

to promotion of wet grassland biodiversity. The effects of grazing depend on the type 

of grazing animals, stocking units, the timing (whether it is spring, summer) and 

duration of grazing (seasonal or all year).  

The common aims of grassland habitats management should include: 
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 maintain or increase plant species richness  

 provide a range of sward heights and structure favoured by a range of 

invertebrate groups  

 prevent encroachment by scrub and trees (Ausden, 2007).  

Features of particular value for invertebrates include the presence of specific food 

plants of suitable growth forms, a supply of nectar sources for adult insects, dead 

vegetation and litter, bare ground, seed heads, grassy tussocks which provide shelter 

and animal dung (Ausden, 2007).  

 

Based on results of this study, and habitat management literature (Ausden, 2007) we 

believe the following measures are likely to be valuable for the plant and invertebrate 

fauna if implemented in semi-natural wet grassland  habitats. 

 Herb rich grasslands should preferably be grazed by cattle or horses rather than 

sheep. Given that gazing by sheep can lead to a short, uniform sward, sheep 

grazing needs careful management and timing to minimize negative effects on 

nectar resources (Ausden, 2007).  

 Grazing can provide heterogeneity of structure through the selective grazing of 

different areas of the grassland, provided that the grazing intensity is at an 

appropriate level to allow the animals to express their dietary preferences. If 

the grazing intensity is high, animals will be forced to graze unpalatable 

species, which may lead to a more homogeneous sward (Price, 2003). 

 Grazing in segmented parcels or leaving uncut refuges, result in taller plant 

growth and keep nectar resources longer in summer. In addition, they provide 

different sward heights to accommodate different life cycle stages of 

invertebrates. This will also influence the cover of dead vegetation which is 

important for invertebrates as shown in this study (Ausden, 2007) 

 The physical disturbance and trampling intensity of grazing animals is 

important and provides suitable disturbance for conditions for germinating 

seedlings and bare ground for invertebrates (Sutherland and Hill, 1995). 

 Application of inorganic fertiliser and liming should be avoided to avoid 

increasing the botanical uniformity of grasslands (Ausden, 2007).  

 

Wet grassland habitats have a varied flora and fauna. Grasslands form part of habitat 

mosaics used by many species many of which are not confined to them. It is the nature 

value of grasslands that make them important for biodiversity. 

 

5.5 Conclusions 

The concept of “High Nature Value farming” developed in the early 1990s from a 

growing recognition that the conservation of biodiversity in Europe depends on the 

continuation of low-intensity farming systems across large areas of countryside (Bignal 

& McCracken, 1996, Klimek et al., 2014). In that context the HNV concept has 

developed with specific focus on biodiversity associated with extensive management 

practices. HNV as a policy continues to gain importance highlighting the need for 
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more detailed information on the ecological status of farmland habitats and the 

intensity of agricultural practices to facilitate HNV farmland assessment at national 

and regional scales (Paracchini et al., 2008). HNV policy decisions require information 

on the status condition, and trends in farming. Ecologists who are more focused on 

problem-solving point out that every detail of an ecosystem does not have to be 

understood to make reasonable decisions about how to manage and conserve sensitive 

or valued resources (Andreasen et al., 2001). Management decisions should be based 

on the overall integrity of the system, rather than on a level of detail that cannot be 

understood or predicted under current ecological theory (Andreasen et al., 2001).  

With the results presented in this study and keeping in mind the shifting aims of the 

agricultural policies towards environmentally friendly farming, it seems sensible to 

develop environmentally based indicators. This study has contributed significantly to 

the development of an indicator for the identification HNV farms by developing a 

rapid, easy-to-use biotic index. This biotic index as a stand- alone tool goes some way 

towards separating objectively HNV (score > 4.5) from non-HNV (score < 4.5) farms. 

This study has also developed a rapid assessment technique that can be used to 

evaluate the biodiversity of wet grasslands, the dominant semi-natural grassland, at a 

local scale. Finally, the environmental requirements for selected wet grassland taxa 

have been defined, providing valuable information for the future management of wet 

grasslands in the context of protecting and enhancing biodiversity. 
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5.6 Recommendations for further study: 

 Further work should be undertaken on the biotic index proposed in this study. 

This work should include the testing of the index in different regions of the 

country and on different farm systems. Comparisons with other countries 

should also be made by testing the index in different countries such as France 

Scotland and the UK. This would allow for statistical analysis and 

comparisons of results to inform further developments of the index, to help 

validate the use of this index in the identification of HNV and to demonstrate 

any shortcomings of the index. 

 

 In the search for bioindicators of diversity of grasslands we need to study other 

groups of invertebrates, apart from the groups studied here, such as spiders, 

soil invertebrates and the charismatic species such as butterflies. Groups could 

be identified with the potential to act as bioindicators of the diversity of a 

range of grasslands  and other habitat types commonly found on farmland 

throughout the country. 

 Further work needs to be undertaken on the compilation of management 

practices that benefit the conservation and enhancement of the biodiversity of 

common flora and fauna on grasslands throughout the country. They should 

include the fine-tuning of management practices such as grazing and the 

management of hydrology and  nutrients,  which can  influence the physical 

characteristics of sites and are known to impact directly on groups of plants 

and invertebrates. Such practices should include the timing and intensity of 

management. Management protocols should also include the rationale of each 

action to raise  awareness of the implications of management on biodiversity.  
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5.7 General conclusions 

 The development of this index of the nature value status of a farm is a step 

towards developing a environmental indicator of sustainable agriculture in 

Europe. 

 The proposed index is simple to use, can be easily implemented and with 

further testing could be modified for use in other pastoral regions across 

Europe. 

 The index can be used to aid in the identification of HNV farmland 

 This index can  farmers to make informed decisions in relation to management 

of biodiversity of their own farm and monitor the change over time 

 A more detailed grassland classification system is needed to identify and 

quantify the biodiversity value of grasslands in relation to HNV farmland. 

 Wet grassland habitats are one of the most important semi-natural habitats on 

Irish farms 

 Bioindicators can be useful short cuts in biodiversity and ecological 

assessments of habitats 

 Sedges have value as bioindicators of biodiversity of commonly occurring wet 

grassland groups and in differentiating grasslands based on plant species 

richness 

 The scale at which bioindicators are investigated is important factor in 

bioindicator studies 

 Different taxa respond in different ways to habitat conditions.  

Grazing management practices and soil conditions are among the most 

important factors affecting the biodiversity of wet grassland habitats 
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Appendix  1 Habitat types encountered with Fossitt (2000) code 

Habitat Code  Habitat Type 

FS1   Reed and large sedge swamp 

GA1   Improved agricultural grassland 

GA2   Amenity grassland 

GS1   Dry calcareous and neutral grassland 

GS2   Dry meadows and grassy verges 

GS3   Dry-humid acid grassland 

GS4   Wet grassland 

GM1   Marsh 

HH1   Dry siliceous heath 

HH2   Dry calcareous heath 

HH3   Wet heath 

HD1   Dense bracken 

PB2   Upland blanket bog 

PB3   Lowland blanket bog  

PF1   Rich fen and flush 

WN1   Oak-birch-holly woodland 

WD1   (Mixed) broadleaved woodland 

WD2   Mixed broadleaved/conifer woodland 

WD3   (Mixed) conifer woodland 

WD4   Conifer plantation 

WD5   Scattered trees/parkland 

WS1   Scrub 

ER1   Exposed siliceous rock 

ED2   Spoil and bare ground 

ED3   Recolonising bare ground 

ED4   Active quarries and mines 

BC3   Tilled land 

BL3   Buildings and artificial surfaces 

CM1   Lower salt marsh 

LS1   Shingle and gravel shores 

 

 

 

 

 

 

 

 

 

 



Appendix 2.  Index score and HNV typology of Co. Mayo sample farms 

Farm number  Index Score HNV Status 

Farm 1   8.4  HNV 

Farm 2   4.9  HNV 

Farm 3   4.3  Non HNV 

Farm 4   8.4  HNV  

Farm 5   6.3  HNV 

Farm 6   7.9  HNV  

Farm 7   7.4  HNV 

Farm 8   3.3  Non HNV 

Farm 9   6.6  HNV 

Farm 10  8.6  HNV  

Farm 11  6.5  HNV 

Farm 12  8.3  HNV  

Farm 13  4.7  HNV 

Farm 14  7.3  HNV  

Farm 15  7.6  HNV 

Farm 16  8.1  HNV 

Farm 17  7.7  HNV  

Farm 18  9.4  HNV 

Farm 19  4.1  Non HNV 

Farm 20  7.5  HNV  

Farm 21  8.2  HNV 

Farm 22  4.9  HNV  

Farm 23  6.3  HNV 

Farm 24  9.4  HNV 

Farm 25  7.0  HNV  

Farm 26  7.6  HNV 

Farm 27  5.9  HNV 

Farm 28  8.9  HNV 

Farm 29  7.9   HNV 

Farm 30  4.1  Non HNV 

 

 

 

 

 

 

 

 

 

 



Appendix 3. Index  scores and HNV typology of Galway, Leitrim and Sligo farms. 

Farm number  Index Score HNV Status 

Farm G1  3.9  Non HNV 

Farm G2  5.4  HNV 

Farm G3  4.1  Non HNV 

Farm G4  6.8  HNV 

Farm G5  8.8  HNV  

Farm G6  6  HNV 

Farm G7  4.6  HNV 

Farm G8  4.6  HNV 

Farm G9  6.5  HNV 

Farm G10  6  HNV 

Farm G11  4.7  HNV 

Farm G12  3.2  Non HNV 

Farm G13  7.5  HNV 

Farm G14  5  HNV 

Farm G15  4.6  HNV 

Farm G16  4.7  HNV 

Farm G17  7.1  HNV 

Farm G18  2.2  Non HNV 

Farm G19  3.9  Non HNV 

Farm G20  3.2  Non HNV 

Farm G21  6.4  HNV 

Farm G22  3  Non HNV 

Farm G23  5  HNV 

Farm G24  5.8  HNV 

Farm G25  3.9  Non HNV 

Farm G26  1.8  Non HNV 

Farm G27  4.3  Non HNV 

Farm G28  7  HNV 

Farm G29  4.5   Non HNV 

Farm G30  3.4  Non HNV   

Farm G31  4  Non HNV 

Farm G32  1.6  Non HNV 

Farm L1  7.1  HNV 

Farm L2  8.7  HNV 

Farm L3  9  HNV 

Farm L4  6.8  HNV 

Farm L5  9.2  HNV 

Farm L6  7.9  HNV 

Farm L7  9.2  HNV 

Farm L8  7.1  HNV 

Farm L9  4.2  Non HNV 

Farm L10  6.6  HNV 

Farm L11  5.2  HNV 

Farm L12  7  HNV 

Farm L13  9.7  HNV 



Farm L14  7.5  HNV 

Farm L15  5.3  HNV 

Farm S1  7.4  HNV 

Farm S2  5.5  HNV 

Farm S3  7.8  HNV 

Farm S4  8  HNV  

Farm S5  8  HNV 

Farm S6  8.1  HNV 

Farm S7  6.3  HNV 

Farm S8  8.4  HNV 

Farm S9  7.1  HNV 

Farm S10  7.9  HNV 

Farm S11  6.9  HNV 

Farm S12  2.6  Non HNV 

Farm S13  4.6  HNV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 4 

Environmental, ecological and management habitat and farm variables with mean, 

standard deviation and range across farms 

Variable Mean± SD Range 

Elevation (m) 50.77±45.50 5-145 

% cover bare ground 11.40±8.24 0-25.8 

% cover rock 0.147±0.606 0-2.5 

% cover of bryophyte 14.16±18.17 0-74.66 

% cover of dead vegetation 25.79±27.22 0-98.33 

Average height of plants of sampling station (cm) 24.71±14.63 11.96-56.98 

Average length of plants of sampling station (cm) 45.56±24.80 19-94.82 

Ellenberg light (plants of sampling station) 7.049±0.259 6.67-7.57 

Ellenberg moisture (plants of sampling station) 6.437±0.524 5.55-7.42 

Ellenberg pH (plants of sampling station) 5.768±0.307 5.23-6.13 

Ellenberg nitrogen (plants of sampling station) 4.959±0.710 3.25-5.85 

Ellenberg salt (plants of sampling station) 0.402±0.198 0.02-0.80 

Juncus ( %cover)  18.21±16.92 0-57 

Grass (%cover) 61.84±18.02 34.67-104.83 

Carex (%cover) 5.74±10.23 0-39.83 

Herbs (%cover) 51.59±16.26 21.00-84.66 

Size of sampled polygon (ha) 1.06±1.48 0.17-6.03 

Soil pH 4.84±1.66 3.92-5.44 

Soil % Moisture 72.35±28.41 32.39-91.99 

Soil % Carbon  46.03±26.92 9.49-86.21 

Distance from pitfall trap 3 to the centre of habitat patch 

the pitfall trap is in(m) 31.01±22.52 6.1-75.2 

Distance to nearest linear habitat from pitfall traps 3 (m) 23.42±10.44 12.4-57.7 

Distance from the centre of the habitat to the centre of the 

nearest non-linear habitat (m) 83.94±37.73 28.6-145.9 

Distance from centre of habitat to centre of nearest same 

habitat (m) 189.97±168.35 43.7-742.9 

C 0.423±0.063 0.333-0.537 

S 0.210±0.060 0.138-0.340 

R 0.356±0.056 0.427-0.197 

 



 

Appendix 5 Plant species list with average percentage cover on sites and % frequency of plants 

  Site 

1 

Site 

2 

Site 

3 

Site 

4 

Site 

5 

Site 

6 

Site 

7 

Site 

8 

Site 

9 

Site 

10 

Site 

11 

Site 

12 

Site 

13 

Site 

14 

Site 

15 

Site 

16 

Site 

17 

% 

freq 

Agrostis capillaris 3.3 9.2 0 0.5 24.2 0.8 1.3 0.5 0 7.3 0 0 0 0.5 0 0 0 55.6 

Agrostis 

stolonifera 

43.3 19.2 8.3 21.7 2.5 20 20 25.8 18.3 35 7.5 18.3 11.7 16.7 20 16.7 16.7 100 

Alopecurus 

geniculatus 

0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 5.6 

Alopecurus 

pratensis 

0 0 0 0.5 1.3 0 0 0.5 0 0 0.5 0 0 0 0 3.7 0 27.8 

Anthoxanthum  

Odoratum 

0 0 0 0 0 0 0 0 0.5 3.7 0 0 3 9 0.5 0.5 3.2 44.4 

Arrhenatherum 

elatius 

0 0 0 0 0 0 0 0 0 0 0 0 1.3 0 0 0 0 5.6 

Cynosurus 

cristatus 

0 0 0 0 0 0 0 0 2.5 4.7 0 0 4.5 0.5 0.5 0 6.8 33.3 

Dactylis glomerata 0 0 0 0 34.2 0 0.8 0.5 3.3 0 0 0 0 0 0 1.5 0 27.8 

Festuca gigantea 0 0 0 0 0 0 0 0 0 0 0 0 0 3.5 0 0 0 5.6 

Festuca rubra 2.5 8.3 20 3.3 0 8.3 9.2 11.7 21.7 12.5 41.7 13.8 17.5 5.2 3.3 8.3 4.2 94.4 

Festuca vivipara 0 0 0 0 0 0 0 0 0 0 1 0.8 0 0 6.7 0 0.5 22.2 

Glyceria fluitans 0 0 0.5 0 0 1.7 0.8 0 10.5 0 4.7 15.8 0 0 0 1.8 2 44.4 

Holcus lanatus 7.7 9.2 48.3 13.8 41.7 28.3 25 35 15.8 15.5 0.8 27.5 12.5 10.8 2.7 9.7 18.3 100 

Lolium perenne 0 0 1 0 0 0 1.3 0.5 2.3 0.5 1 0 0 0 0 3.5 1.5 44.4 

Molinia caerulea 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.3 11.1 



 

Nardus stricta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.5 11.1 

Phleum pratense 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 5.6 

Poa annua 0 0 0 0.5 1 0 0.5 0 0 2 0 0 0 1 0 1 0.5 38.9 

Triglochin palustre 0 0 0 0 0 0 0 0 0 0 0 0.5 0.5 0 1 0 0 16.7 

Bellis perennis 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2.2 3 16.7 

Caltha palustris 0 0 0 0 0 0 0 3.8 0 0 2.2 0 0 0 0 0 0 11.1 

Cardamine 

pratensis 

1 1.3 0.5 0.8 0 1.8 3.3 2 2.5 0 2.5 1.5 0 0.5 2 4.8 2 77.8 

Cerastium 

fontanum 

0 0 0 1 7.5 4.5 0.5 0.5 1.5 1 0 3.2 1.5 0.5 0 2.8 1.8 72.2 

Cirsium dissectum 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 5.2 0 2.8 16.7 

Cirsium palustre 0 0 0 0 0 0 0 0 0 0 0 0.8 0.8 0 0 0.5 0 16.7 

Cirsium vulgare 0 0 0 0 0 1.8 0 0 0 0 0 0 0 0 0 0 0 5.6 

Eleocharis 

palustris 

0 0 0 0 0 0 0 0 0 0 0 0 0 12.2 0 0 0 5.6 

Epilobium palustre 5.5 2.3 0 0 0 2.7 2.3 1.5 1 0 0 1.3 2.5 6.2 0.5 2.2 1.3 72.2 

Equisetum arvense 0 0 0 0 0 0 0 1.3 0.5 0 0 3.8 3 0.8 2.8 0 1.3 38.9 

Eriophorum 

angustifolium 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0 1.5 16.7 

Filipendula 

ulmaria 

0 0 0 0 0 0 1 0 0 0 0 0 6.3 12.5 0.5 0.8 0 27.8 

Galium saxatile 0 0 0 0 0 0 0.5 0 0 0 7.5 1.5 3 5.8 3.5 0 0.5 38.9 

Hydrocotyle 

vulgaris 

0 0 0 0 0 0 0 0 0 0 3 0 0 0 33 0 0 11.1 



 

Hypericum 

perforatum 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.8 5.6 

Iris pseudacorus 45 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.6 

Lathyrus pratensis 0 0 0 0 3.5 0 0 0 0 0 0.5 0 5 0.8 0 0 1.7 27.8 

Leontodon 

autumnalis 

0 0 0 0 0 1.5 0 0.5 0 0.8 0 0 0.5 0 0.5 0 0.5 38.9 

Lotus corniculatus 0 0 0 0 0 0 0 0 0 3.3 0 0 0 0 0 0 0 5.6 

Lychnis flos-cuculi 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 5.2 11.1 

Lythrum salicaria 0 0 0 0 0 0 0 0 0 0 0 1.3 0 0 0 0.5 0 11.1 

Mentha aquatica 0 0 0 0 0 0 0 0 0 0 0 0 3.3 0.5 4.2 0 0 16.7 

Myosotis arvensis 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 1.5 0 11.1 

Plantago 

lanceolata 

0 0 0 0 2.2 0 0 0 0 0.8 0 0 0 0 0 0 0.5 16.7 

Persicaria 

maculosa 

0 0 0 0 0 0 0 0 2.5 0 1 0 0 0 0 2.8 0 16.7 

Potentilla anserina 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.3 0 0 5.6 

Potentilla erecta 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4.7 0 1.5 16.7 

Potentilla palustris 0 0 0 0 0 0 0 0 0 0 0 1.3 0 0 20 0 0 11.1 

Prunella vulgaris 0 0 0 0 0 0 0 0 0 0.8 0 0 0 0 0.5 0.5 2 22.2 

Ranunculus acris 0 0 8.3 0 5.8 0 1.3 4.8 1.3 8.2 0 0.5 4 4 0 2.7 5.5 66.7 

Ranunculus 

flammula 

0 0 0 0 0 0 0 0 0 0 1.5 17.5 0 0 1.5 0.5 3.3 27.8 

Ranunculus repens 0.5 33 7.7 2.2 13 26.7 53.3 43.3 35 0.5 2.8 0.5 0.8 1 0.5 10.5 2.3 94.4 



 

Rorippa  

nasturtium-

aquaticum 

0 1.7 0 0.8 0 0.5 0 0 0 0 0 0 0 0 0 3.5 0 22.2 

Rumex acetosa 0 0 0 0 10.2 0.8 1.7 0 0 3.3 0 0 0 2.3 0.5 0 0.5 38.9 

Rumex acetosella 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 5.6 

Rumex crispus 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 5.6 

Sagina 

procumbens 

0 0 0 0 0 3.8 0 0 0 0 0.5 1 0 0 0 0 2.3 22.2 

Senecio aquaticus 0 0 0 0 0 0 0 0.5 0 0 0 3.8 0 1.8 0 2.3 0 22.2 

Senecio jacobaea 0 0 0 0 0 3.7 0 0 1 0 1.5 0 0 0 0 2 1 27.8 

Stachys sylvatica 0 0 0 0 7.2 0 0 0 0 0 0 0 0 0 0 0 0 5.6 

Stellaria media 0 2 0 1 0 0 0 1 0 0 1 2 0 0 0 3.2 1 38.9 

Succisa pratensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.2 0 0 11.1 

Taraxacum 

officinale 

0 0 0 0 0 0.8 0 0 0 0 0 0 0 0 0 0 0 5.6 

Trifolium 

campestre 

0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 5.6 

Trifolium pratense 0 0 0 0 0 0 0 0 0 0 0 0 8.2 0 0 0 3.2 11.1 

Trifolium repens 0 1 35 16.7 0 22.5 3.3 1.5 14.2 1.7 24.2 0 0.7 2.5 0 18.3 0 72.2 

Veronica 

beccabunga 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 5.6 

Veronica 

chamaedrys 

0 0 0 0 1.7 0 0 0 0 0 0 0 0 0 0 0 0 5.6 

Veronica 

serpyllifolia 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 5.6 



 

Vicia cracca 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 5.6 

Viola palustris 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 5.6 

Carex disticha 0 0 0 0 0 0 0 0 0 0 0 0 0.8 0.5 0.5 1.5 1 33.3 

Carex demissa 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 1.5 16.7 

Carex binervis 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 5.6 

Carex echinata 0 0 0 0 0 0 0 0 0 0 0 2.5 0.5 0 0.5 0 1.5 22.2 

Carex flacca 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 11.7 0 0.5 22.2 

Carex hirta 0 0 16.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.6 

Carex nigra 0 0 0 0 0 0 0 0 0 0 0 0 0.5 1 0 0 0.5 22.2 

Carex panicea 1.7 0 0 0 0 0 0 0 0 5 14.2 0 0 0 27.2 0 6 33.3 

Carex remota 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 5.6 

Juncus acutiflorus 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 0 5.6 

Juncus articulatus 0 0 0.5 0 0 0 0 0 0.5 0.5 1 11.7 40 0.8 6.7 16.7 5.5 55.6 

Juncus bufonius 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.5 5.6 

Juncus effusus 5.5 40 2.2 22.2 0 15.8 6.7 1.7 3.3 12.5 1 9.7 0 56.7 10.8 23.8 8.3 88.9 

Juncus inflexus 0 0 0 0 0 0 0 0 3.3 0 0 0 0 0 0 0 0 5.6 

Juncus squarrosus 0 0 0 0 0 0 0 0 0 1.3 0 0 0 0 0 0 0 11.1 

Phragmites 

australis 

0 0 0 0 0 0 0 0 0 0 0 0 0.5 0 0 0 0 5.6 

 

 

 



 

Appendix 6 Carabid species and abundance for each site. Also included in the table is total species richness and abundance for each site 

 

 

Site 

1 

Site 

2 

Site 

3 

Site 

4 

Site 

5 

Site 

6 

Site 

7 

Site 

8 

Site 

9 

Site 

10 

Site 

11 

Site 

12 

Site 

13 

Site 

14 

Site 

15 

Site 

16 

Site 

17 

Abax parallelepipedus 0 8 0 2 9 1 6 1 0 1 0 1 0 9 0 0 0 

Agonum emarginatum 1 0 0 2 0 0 0 0 1 12 5 0 0 0 0 2 12 

Agonum fuliginosum 217 351 143 24 142 19 96 62 83 31 18 51 4 54 20 17 11 

Agonum gracile 0 3 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 

Agonum marginatum 0 0 0 1 0 0 0 2 4 0 4 1 0 0 2 23 2 

Agonum muelleri 1 0 0 0 0 1 0 6 0 0 2 0 0 1 0 21 9 

Agonum piceum 0 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0 0 

Agonum thoreyi 1 0 3 0 1 0 4 0 8 0 10 0 0 1 0 0 1 

Agonum viduum 0 0 0 0 0 0 1 1 8 1 18 1 3 3 2 4 7 

Amara aenae 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Amara lunicollis 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Bembidion lampros 0 1 0 0 0 0 0 0 0 0 0 1 0 3 1 0 0 

Bembidion mannerheimii 3 0 0 0 0 0 2 0 2 0 0 2 0 0 0 0 1 

Bembidion obtusum 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Bembidion punctulatum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Bembidion schuppelii 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Calathus fusipes 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 

Carabus clatratus 6 0 1 1 0 1 0 0 1 0 0 0 11 0 0 1 3 



 

Carabus granulatus 107 59 13 1 34 150 65 11 17 17 7 12 11 55 3 4 28 

Carabus nemoralis 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Elaphrus cupreus 2 2 0 1 0 0 6 0 54 0 3 0 3 0 4 24 6 

Elaphrus uliginosus 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 

Elaphrus riparius 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

Harpalus rufipes 0 1 0 0 0 1 0 0 1 0 0 0 0 0 4 0 0 

Loricera pilicornis 4 0 0 26 0 3 49 4 15 1 15 0 0 2 1 13 0 

Nebria brevicollis 0 0 0 63 4 1 0 0 0 2 0 0 0 0 1 4 1 

Nebria salina 0 0 0 3 0 0 0 0 2 0 0 0 0 0 0 0 0 

Notiophilus biguttatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Pterostichus adstrictus 0 0 0 1 6 0 0 0 0 0 0 3 0 0 0 0 0 

Pterostichus cupreus 0 0 1 0 12 6 0 0 0 0 0 2 0 0 0 3 0 

Pterostichus diligens 0 2 0 1 8 3 0 0 1 0 1 40 1 14 1 0 1 

Pterostichus kugelanni 0 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 

Pterostichus madidus 2 1 0 8 10 33 1 0 0 11 0 0 0 1 0 0 0 

Pterostichus melanarius 36 258 8 32 301 178 24 39 6 127 0 6 1 114 4 21 8 

Pterostichus minor 6 8 12 10 6 1 3 5 5 12 7 44 1 14 12 10 2 

Pterostichus niger 268 487 246 27 804 269 128 78 32 261 1 47 7 242 78 78 64 

Pterostichus nigrita/rhaeticus 13 3 27 28 23 55 30 92 74 44 239 18 4 18 18 201 125 

Pterostichus strenuus 0 23 11 3 26 5 0 2 4 21 0 9 0 0 16 1 0 

Pterostichus vernalis 0 0 2 0 0 0 0 0 1 0 0 1 0 0 0 0 0 



 

Pterostichus versicolor 0 0 6 0 14 43 0 0 1 6 0 13 0 1 3 1 1 

Synuchus vivalis 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Species richness per site 14 15 12 20 15 18 13 12 21 17 14 17 12 17 16 19 17 

Abundance per site 667 1211 473 238 1400 771 415 303 323 550 340 252 49 535 170 430 282 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix 7 Diptera family and abundance for each site.  Also included in the table is total family richness and abundance for each site 

 

 

Site 

1 

Site 

2 

Site 

3 

Site 

4 

Site 

5 

Site 

6 

Site 

7 

Site 

8 

Site 

9 

Site 

10 

Site 

11 

Site 

12 

Site 

13 

Site 

14 

Site 

15 

Site 

16 

Site 

17 

Acartophthalmidae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Agromyzidae 123 21 33 96 106 132 154 239 72 54 19 17 42 16 121 21 249 

Anthomyiidae 16 31 41 9 36 32 26 34 24 11 5 31 39 8 11 2 32 

Anthomyzidae 2 24 3 31 29 4 0 2 4 7 0 23 5 27 10 0 0 

Asilidae 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 5 

Asteiidae 0 0 0 8 0 0 2 4 19 2 0 0 2 0 0 1 0 

Aulacigastridae 0 0 0 4 1 0 4 2 0 0 0 0 0 0 1 0 0 

Bibionidae 1 3 2 3 1 0 83 22 15 5 1 13 0 11 30 2 23 

Bombyliidae 0 1 0 0 0 0 0 0 0 0 1 0 1 1 0 0 2 

Camillidae 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 

Calliphoridae 0 1 2 0 1 3 1 0 2 0 0 6 3 4 1 0 1 

Cecidomyiidae 0 2 0 0 0 0 5 0 0 0 0 13 0 0 0 0 0 

Ceratopogonidae 0 15 2 0 3 0 16 5 0 5 0 3 0 1 4 0 0 

Chamaemyiidae 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 

Chironomidae 7 38 14 1 22 1 6 0 3 0 0 7 1 0 10 0 0 

Chloropidae 39 21 30 10 22 17 10 25 20 12 44 48 16 8 10 6 16 

Chyromyidae 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 

Clusudae 0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 



 

Conopidae 0 0 0 0 0 0 0 0 0 0 0 1 3 0 1 1 1 

Diastatidae 0 0 0 8 0 0 1 1 3 0 0 0 9 1 4 1 3 

Dolichopididae 123 53 65 56 81 148 203 308 140 14 42 70 42 22 82 280 110 

Drosophilidae 29 10 12 6 25 2 9 40 1 0 0 1 0 0 1 2 0 

Empididae 0 5 2 2 33 2 0 1 5 0 0 7 1 9 2 1 0 

Ephydridae 0 0 0 4 0 0 0 0 0 0 0 0 2 0 0 0 5 

Fanniidae 6 2 5 2 27 14 0 13 3 1 0 15 1 6 7 0 0 

Heleomyzidae 4 31 2 9 9 25 9 16 6 4 2 12 15 2 12 0 19 

Lonchopteridae 24 5 48 44 267 24 16 71 6 11 27 21 4 18 30 8 44 

Luaxaniidae 3 23 1 2 0 0 8 3 1 3 0 0 1 5 1 0 16 

Muscidae 1 34 1 7 0 1 4 0 2 2 0 9 8 2 0 1 12 

Mycetophilidae 15 3 28 49 60 20 20 7 27 12 9 24 18 15 29 0 9 

Odiniidae 0 0 0 1 7 4 1 0 0 1 0 1 2 0 0 5 0 

Opomyzidae 30 63 56 13 144 41 40 202 34 43 0 82 33 39 33 4 15 

Otitidae 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 

Perscelididae 32 11 50 108 638 81 56 106 31 21 35 15 36 4 47 57 17 

Phoridae 17 24 18 11 42 8 19 5 9 13 1 21 11 8 3 21 16 

Pipunculidae 0 4 5 0 7 0 1 0 0 0 0 14 1 0 0 0 0 

Platypezidae 7 1 1 0 0 0 1 0 2 1 1 2 0 1 0 0 0 

Psychodidae 11 2 2 6 14 5 7 0 6 0 1 1 12 7 3 1 0 

Rhagionidae 0 3 0 0 1 0 1 3 14 0 0 3 0 0 0 0 0 



 

Scathophagidae 5 0 0 5 0 2 0 0 0 0 0 2 5 0 0 0 0 

Scatopsidae 0 7 1 0 0 1 4 0 1 2 1 7 3 3 1 0 2 

Sciaridae 81 240 128 158 309 73 97 246 45 28 17 69 17 7 64 29 33 

Sciomyzidae 10 0 2 0 3 0 2 0 11 0 0 14 4 2 14 0 0 

Sepsidae 11 9 24 7 37 49 98 134 8 16 7 17 18 13 26 4 29 

Sphaeroceridae 157 15 119 196 21 148 15 360 49 24 39 31 15 10 86 43 142 

Stratiomyidae 1 0 2 0 0 0 1 0 2 0 0 0 2 0 0 0 0 

Syrphidae 4 3 5 10 24 5 13 7 5 4 0 17 40 5 4 0 13 

Tabanidae 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Tachinidae 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Tipulidae 44 15 0 5 25 5 23 51 34 11 1 16 45 12 21 20 11 

Family richness 28 32 34 30 30 27 34 27 33 29 18 36 34 29 30 22 26 

Abundance 804 720 708 871 1997 848 956 1908 605 312 253 633 459 267 669 511 826 

 

 

 

 

 

 



 

Appendix 8  Sciomyzidae species with abundance for each site. Also included in the table is total species richness and abundance for each 

site 

 

Site 

1 

Site 

2 

Site 

3 

Site 

4 

Site 

5 

Site 

6 

Site 

7 

Site 

8 

Site 

9 

Site 

10 

Site 

11 

Site 

12 

Site 

13 

Site 

14 

Site 

15 

Site 

16 

Site 

17 

Dictya umbrarum 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Hydromya dorsalis 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 

Ilione lineata 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

Limnia unguicornis 0 0 0 0 0 0 2 0 0 0 0 1 2 2 2 0 0 

Pherbellia griseola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Pherbellia  schoenherri 0 0 0 0 1 0 0 0 9 0 0 4 0 0 6 0 0 

Pherbina coryleti 6 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Tetanocera fuscinervis 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

Tetanocera hyalipennis 3 0 1 0 1 0 0 0 0 0 0 8 0 0 4 0 0 

Tetanocera latifibula 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Species richness 3 0 2 0 3 0 1 0 3 0 0 4 3 1 5 0 0 

Abundance  10 0 2 0 3 0 2 0 11 0 0 14 4 2 14 0 0 
 

 

 

 

               

                  

                  

                  

                  

                  

                  

                  

                  



	  



	  



 

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                   


