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Preface

In addition, supporting information and all other BioBio 
Project public reports are available at www.biobio-indica-
tor.org.

Preface
 
The report that lies before you summarises the lessons 
learnt from the EU FP7 Research Project BioBio (Biodiver-
sity indicators for organic and low-input farming systems, 
KBBE-227161) conducted between 2009 and 2012. The re-
port is aimed at stakeholders and potential users of the in-
dicator set resulting from this research, and is structured as 
follows:

www.biobio
-indicator.org
-indicator.org
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Summary

Summary

The overall objective of the Research Project BioBio – Biodi-
versity indicators for organic and low-input farming sys-
tems (KBBE-227161) was to identify scientifically sound and 
practicable farmland biodiversity indicators. Based on an 
exhaustive literature review and in iterative interaction 
with a stakeholder advisory board, candidate indicators 
were identified and tested on 195 farms in 12 case-study 
regions across Europe. The findings permitted a further 
narrowing-down of the indicator list to a core set of eight 
indicators for habitat diversity, four indicators for species 
diversity, three indicators for genetic diversity and eight 
indicators for farm-management practices. The indicator 
set has been tested for redundancies, and correlating indi-
cators have been removed. It is applicable across Europe 
and for major farm types (Table).

The BioBio indicator set complements other indicator sys-
tems (IRENA, SEBI):

-	 State indicators are emphasised (the actual status of ag-
ricultural biodiversity);

-	 Indicators operate at farm scale (rather than at plot, 
landscape or national scale). Farms are the operational 
units for decision-making by farmers, administrators and 
policy-makers.

Guidelines for applying the BioBio indicator set can be 
summarised as follows:
-	 Random selection of farms from the “farm population” 

to be evaluated / monitored;
-	 Obtain agreement and farm boundaries from farmer;
-	 Farm-habitat mapping and random selection of plots 

from among habitat types for species recording;
-	 Recording of vascular plants, bees, spiders and earth-

worms via standard methods;
-	 Farm interview vis-à-vis genetic diversity of crops and 

livestock, and for management practices.

Table: BioBio indicator set and applicability to major farm types.

Indicator Field crops & 
horticulture

Specialist 
grazing live-

stock

Mixed crops - 
livestock

Permanent 
crops

G
en

et
ic

 
d

iv
er

si
ty

 o
f 

liv
es

to
ck

Number and amount of different breeds  

Number and amount of different varieties    

Origin of crops  

Sp
ec

ie
s 

d
iv

er
si

ty
 

in
d

ic
at

o
rs

Vascular plants    

Wild bees and bumblebees    

Spiders    

Earthworms    

H
ab

it
at

 d
iv

er
si

ty
  

in
d

ic
at

o
rs

Habitat richness    

Habitat diversity    

Average size of habitat patches    

Length of linear elements    

Crop richness  

Percentage of farmland with shrubs    

Tree habitats   

Percentage of semi-natural habitats    

Fa
rm

 m
an

ag
em

en
t 

 
in

d
ic

at
o

rs

Total direct and indirect energy input    

Intensification/Extensification    

Area with use of mineral N-fertiliser    

Total nitrogen input    

Field operations    

Pesticide use   

Average stocking rate   

Grazing intensity  
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Summary

The cost of implementing the indicator set on a farm de-
pends on its size and complexity. For a farm of 85 hectares 
and eight different habitat types, the effort amounts to 15 
working days and €1’000, mainly for the identification of 
the species. 0.25 % of European Union expenditure on the 
Common Agricultural Policy would suffice to implement a 
biodiversity monitoring on 50,000 farms across Europe. 
The information thereby obtained would allow for better 
targeting of agricultural policies towards the Aichi 2020 
biodiversity goals.

Applications were tested beyond Europe in Tunisia, 
Ukraine and Uganda. The BioBio approach proved feasible, 
but would require adaptations to the countries in ques-
tion.  
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Introduction

1 Introduction

Felix Herzog
Agroscope Research Station ART, Zurich, Switzerland

The diversity of habitats, species, crop varieties and live-
stock breeds is a cornerstone of farming, with many wild 
species being reliant upon European farmland. Indicators 
are needed that will enable us to evaluate the impact of 
different farming systems and agri-environmental poli-
cies on the state of European farmland biodiversity. The 
European BioBio research project has developed an indica-
tor set for the three major levels of biodiversity: genetic, 
species and habitat diversity. In addition, farm-manage-
ment practices have been assessed and linked to biodiver-
sity indicators. 

1.1 What is farmland biodiversity?

Arable and pastoral farmland constitutes a dominant land 
use in Europe, accounting for over 47 % (210 million hec-
tares) of the EU-27 (EC 2007). An estimated 50 % of all Eu-
ropean species are reliant on agricultural habitats (Kris-
tensen 2003). Consequently, some of the most critical con-
servation issues today relate to changes in farming 
practices which directly affect the wildlife on farms and 
adjacent habitats. 

Farmland biodiversity is determined by the three compo-
nents of habitat, species and genetic diversity (Figure 1.1):

(i)	 The diversity of habitats in agricultural landscapes, 
consisting of intensively used production fields (ara-
ble, grassland, orchards) and extensively managed 
habitats (e.g. semi-natural grasslands, structuring ele-
ments such as hedgerows, grassy strips, etc.); 

(ii)	 The species diversity of wildlife which depends on the 
farmland habitats, including annual flowering plants 
(some familiar as weeds) in crop fields; grasses and 
herbs of semi-natural grasslands; small vertebrates 
such as birds and rodents; numerous arthropods, 
countless microorganisms, etc.;

(iii)	The genetic diversity of crop and fruit-tree varieties, 
grassland species, and breeds of farm animals. In addi-
tion to this, genetic diversity is essential for the popu-
lation viability of wild plant and animal species. 

Farmland biodiversity is the basis for agricultural activities: 
artificial habitats with favourable conditions for selected 
varieties of crops and breeds of animals are created by 
farmers working with the natural conditions  of climate, 
soil and topography for agricultural production, and with 
benefits from the wild species occurring on the farm (eco-
system services). The latter can either function to support 
production with services such as pollination, nutrient cy-
cling or predation, or hamper them, as is the case with 
pests, diseases and problematic weeds. 

Figure 1.1: The three components of farmland biodiversity:  
(a) Habitats in a gently rolling landscape of central Europe;  
(b) Plant species of a mountain meadow in the Alps;  
(c) Traditional pig breeds of the Hungarian Puszta.  
Photos: (a) G. Brändle; (b) G. Lüscher; (c) F. Herzog.

1.2 The status of farmland biodiversity in 
Europe 

Historically, farming activities have substantially increased 
the diversity of natural European landscapes and habitats 
by introducing arable fields, grasslands, orchards, etc., pri-
marily at the expense of the forest which previously domi-
nated the European continent (Ellenberg 1988). More re-
cently, the intensification and specialisation of farming 
practices has led to a simplification of agricultural land-
scapes and a loss of (semi-natural) habitats. At the same 
time, the tendency is for marginal farmland to be aban-
doned and to undergo natural succession, which also leads 
to the replacement of farmland habitats and the associ-
ated species by scrub and secondary forest (Brown 1991).

In 2010 the European Environmental Agency assessed the 
status of biodiversity (EEA 2010a). Based primarily on the 
member states’ reporting obligations deriving from the 
Habitats Directive (EC 1992), the report concludes that 
76 % of farmland habitats and 70 % of European farmland 
species have an unfavourable conservation status. These 
figures relate to European habitats and species of conser-
vation interest – i.e. those that are rare or under threat – as 
listed in the Habitats Directive. The only information on 
species which are more common stems from the monitor-
ing of the populations of 38 common farmland birds and 
of grassland butterflies (Figure 1.2). Both groups have sub-
stantially declined – the birds since 1990 and the butter-
flies since 1980 (EEA 2010b). Apart from this, there is no 
consistent information on the status of more-common 
species, despite the fact that these are to a great extent 

a)

b) c)
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the ones that interact with farming practices, provide ser-
vices or cause damage, since they make the greatest contri-
bution to important ecosystem functions (Gaston 2010).
In terms of genetic diversity, the report (EEA 2010) relies 
on the Food and Agriculture breeds database for animal 
genetic resources, which lists 2500 European breeds, many 
of which are endangered. No information is available on 
the status of crop genetic resources.

Within the framework of the Common Agricultural Policy 
(CAP), the European Union invests in agri-environmental 
schemes as a key component of the second pillar (€ 
22.2*109 for the period 2007–13, ECA 2011). Many of these 
schemes aim to promote farmland biodiversity. Since there 
is very little information available on common farmland 
biodiversity, it is also difficult to evaluate the respective ef-
fects of agri-environment policy and corresponding 
changes in management practices. The European Court of 
Auditors found very few “pockets of good monitoring 
practices” when it assessed the design and management 
of agri-environmental support measures (ECA 2011).

1.3 What is a farm? 

European farms are highly diverse. In the EU27 there are 
more than 13*106 farms. The average farm size is 12.6 ha, 
with 70 % of farms being smaller than 5 ha, 24.5 % rang-
ing between 5 and 50 ha in size, and 5 % being larger than 
50 ha (EU 2011). Farms can be categorised into different 
types according to their economic activities, e.g. crop-pro-
ducing farms, livestock production farms or mixed farms. 
In the EC (1985), 17 main types of farming are defined, 
each with specific sub-categories. In addition, there are 
various farming systems such as organic (EC 2007), non- 
organic and integrated farming.

In BioBio we defined a farm as the area of land managed 
by a farmer (owner, tenant), i.e. an economic management 
unit. The farm consists of both artificial habitats (crop 
fields, orchards, sown grasslands, etc.) and semi-natural 
habitats (e.g. hedgerows and extensively managed native 
grasslands and heaths). Rather than lying adjacent to one 
another, in many instances the fields of an individual farm 

2:1 - 2 volle Textspalten - Frutiger 16 pt
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Figure 1.2: Trends of the 
grassland butterfly index (a) 
and of the common bird 
index (b).  
Source: EEA (2010).

a) b)

may be separated by other farmers’ fields, or by land put 
to non-agricultural use (Figure 1.3). In most situations, 
therefore, a farm does not constitute a cohesive ecological 
unit. It is, however, a unit for decision-making (by the 
farmer). Moreover, agricultural and agri-environmental 
policies primarily address the farm scale. This is the justifi-
cation for developing farm-scale biodiversity indicators. 

Figure 3g

a) b)b)

3

1.4 What is an indicator? 

Which type of indicator is needed depends on the context 
and the intended application. According to Alexandra et 
al. (1996), “[An] indicator is a measurement that reflects 
the status of a system, for example an oil pressure gauge 
on an engine or the number of owls in a forest”. This is a 
simple and straightforward definition of an indicator as a 
measured value. “Indicators help you understand where 
you are, which way you are going, and how far you are 
from where you want to be” (Hart 1995) is a more ambi-
tious (normative) definition of an indicator and implies 
knowledge of the favourable direction of trend for the in-

Figure 1.3: (a) Unconsolidated smallholdings in Norway. Fields 
belonging to a specific farm are the same colour. (b) Scattered 
plots of an olive farm in Extremadura, Spain. Although they  
are not cohesive ecological units (in terms of biodiversity), farms 
represent decision-making units for farmers, administrative 
bodies and policy-makers. Source: (a) W. Fiellstad, (b) G. Moreno
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dicator values and the threshold values that should be 
reached. For biodiversity, this knowledge is only partial, 
i.e. it is available only for the minimum size of viable popu-
lations of certain species. There is, however, no threshold 
value for the number of species or habitats in a region or 
on a farm. Such values can be defined e.g. in the context of 
output-oriented agri-environmental schemes, which link 
the success of a scheme to the occurrence of target species.

Due to the complexity of all its aspects, biodiversity in the 
broadest sense of the Rio Convention cannot be measured 
as such, and it is assumed that no single all-inclusive index 
for biodiversity can be devised (e.g. Büchs 2003). Ideally, 
indicators that express or represent biodiversity as a whole 
AND which are sensitive to environmental conditions re-
sulting from e.g. land use and agricultural management 
practices should be selected.

Indicators for assessing the effects of particular farming 
systems or agri-environmental schemes on biodiversity 
have been proposed e.g. by Wascher (2000) and De Roeck 
(2005), who for the most part rely on standard agricultural 
statistics as indirect measures of biodiversity. Indirect indi-
cators for biodiversity have been implemented both in 
life-cycle assessments (e.g. SALCA, Jeanneret et al. 2008), 
and in agro-environmental diagnosis of farms (INDIGO 
and SOLAGRO in France, KUL/USL and REPRO in Germany). 
Nevertheless, indirect indicators must be discussed and 
chosen with caution. As argued by Wascher (2000), be-
cause of the huge number of species and the complexity of 
ecological processes within agricultural habitats, many po-
tential influencial factors may not yet be recognised or 
monitored. The intensity of agricultural management var-
ies considerably across Europe (Herzog et al. 2006), whilst 
the environmental heterogeneity of the European conti-
nent reduces the certainty with which predictions can be 
made about the link between agricultural management 
and biodiversity (Dormann et al. 2008). Moreover, the im-
pacts of agricultural practices are often poorly under-
stood, so that the most relevant parameters that can be 
monitored practically are unclear. Indicators of the actual 
state of biodiversity are therefore essential.

1.5 Identifying farmland biodiversity 
indicators for Europe

This report summarises the lessons learnt from the EU FP7 
BioBio research project (Biodiversity indicators for organic 
and low-input farming systems, KBBE-227161), conducted 
between 2009 and 2012. The report addresses stakehold-
ers and potential users of the set of indicators arising from 
the research.

The objectives of the study were as follows: 

1.	 Conceptualisation of criteria for a scientifically based se-
lection of biodiversity indicators for organic/low-input 
farming systems; 

2.	Assessment and validation of a set of candidate biodi-
versity indicators in representative case studies across 
Europe and beyond; 

3.	Preparation of guidelines for the implementation of 
biodiversity indicators for organic/low-input farming 
systems in Europe.

A broad range of indicators have been tested against sci-
entific, geographic and practical selection criteria (Figure 
1.4). The indicators were required to withstand thorough 
scientific testing based on a literature review, expert and 
stakeholder evaluations, and a field test. The resulting in-
dicator core set is applicable across Europe, and was con-
sidered practical and desirable following a two-stage 
stakeholder audit. 

Indicators relate to habitat, species and genetic diversity, 
as well as to farm-management operations which act on 
farmland biodiversity. Whilst most indicators are applica-
ble to all farm types, some are restricted to e.g. field crops 
and horticultural systems, specialist grazing livestock sys-
tems, mixed crops and livestock systems, or permanent 
crops.

2:1 - 2 volle Textspalten - Frutiger 16 pt
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1.6 Limits of the analysis

The process of testing and filtering indicators involved cri-
teria relating to organic and low-input farming systems, as 
well as to conventional (non-organic) farming systems 
which were also tested in the case-study regions. These in-
dicators are therefore also appropriate for non-organic 
systems of farming. In the majority of the case-study re-
gions, however, farming practices were extensive (low-in-
put) to medium-intensive. Very intensive (at the European 
scale) farming such as cereal production in the Paris Basin, 
vegetable production in the south of Spain, or large-scale 

Figure 1.4: Criteria applied for indicator selection. 
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animal husbandry in central and eastern Europe are un-
der-represented among the case studies, so the applicabil-
ity of the indicators would have to be tested in these re-
gions.

Although the analysis also covered the vast majority of Eu-
ropean farm types (sensu EC 1985), some farm types, such 
as specialist citrus fruit, intensive livestock farming (cattle 
dairying, rearing and fattening combined; specialist grani-
vores) were absent from the case-study regions. Mixed 
farming types were represented with only one case-study 
region. The indicators would therefore need to be tested 
in regions where these farm types are represented prior to 
application.

Exploratory investigations of the practical application of 
these indicators were conducted in Tunisia, Ukraine and 
Uganda. Applicability varied among the three regions and 
application of the indicator set could not be recommended 
without additional adaptations.
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The BioBio approach
BioBio applied a two-step indicator-filtering approach (figure 1.5). The first step consisted in an exhaustive literature 
review on potential farmland biodiversity indicators, in which indicators were evaluated in terms of their scientific 
validity (Dennis et al. 2009). The remaining indicators were submitted to the Stakeholder Advisory Board and a set of 
candidate indicators was selected (Pointereau and Langevin 2012). 

2:1 - 2 volle Textspalten - Frutiger 16 pt

2:1 - volle Textspalte - Frutiger 16 pt

Potential farmland
biodiversity indicators 

Candidate
indicators

BioBio
indicator set

Literature review
Expert filtering
Stakeholder advisory 
board  

Field test in 12 case 
studies
Stakeholder audit   

Figure 1.5: Process of indicator filtering in iterative interaction between researchers and stakeholders.

In the second step, the candidate indicators were taken forward for testing in 12 European case studies (Figure 1.6). 
Case-study regions were homogeneous in terms of biogeographical conditions and farming types. In each region,  
8 –20 farms were selected. In regions containing both organic and non-organic farms, farms of both systems were 
randomly sampled. In ‘high nature-value farming’ regions (mostly specialist grazing livestock farms), a larger number 
of farms were screened, and farms were selected along a gradient of livestock density.

Indicators were then measured according to a standard protocol (Dennis et al. 2012). The costs of indicator measure-
ment were also recorded. Indicator values were evaluated with respect to redundancies, coherence, applicability 
across Europe, and unsuitable indicators were discarded (Jeanneret et al. 2012). The remaining indicators were au-
dited by the Stakeholder Advisory Board (Pointereau and Langevin 2012). The resulting indicator core set is pre-
sented in this report. The broader applicability of the core indicators was then tested in three case studies in Tunisia, 
Ukraine and Uganda.

Figure 1.6: BioBio case study regions and farm types (EC 1985). 
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Farmers decide how to manage their farms. In order to im-
plement productive and sustainable practices, farmers 
must assess the correlations between farming practices 
and biodiversity. Farmers engaged in organic, low-input or 
integrated farming as well as those farming in protected 
areas need advice. They are generally proud of having a 
wide variety of species on their farmland, and of manag-
ing agricultural resources sustainably whilst conserving 
heritage landscapes. One main concern of theirs is being 
able to assess the positive and negative impacts of their 
practices on biodiversity, as well as the feedback on agri-
cultural productivity.

Regional governments decide on agro-environmental po
licies. Biodiversity indicators are needed to design agro-
environmental policies and subsequently to assess the ef-
fectiveness of the measures implemented. These indica-
tors can be used e.g. to determine whether a given 
agricultural system should be maintained, modified, pro-
moted or eliminated within the framework of manage-
ment plans for protected areas where agriculture plays an 
important role. They can also be used to set up contracts 
to obtain specific subsidies based on environmental crite-
ria, e.g. in defining the management of land stewardship 
contracts signed between farmers and NGOs (Spain). Indi-
cators are crucial for monitoring biodiversity over time, 
and hence for assessing and adapting policies.

Farm advisers decide how to assess biodiversity on farms. 
Assessing biodiversity as a whole is impossible. Suitable in-
dicators provide a manageable tool for reflecting main 
patterns of biodiversity. Farm advisers require meaningful 
biodiversity indicators to allow them to suggest a set of ac-
tions for preserving and/or enhancing farm biodiversity.  

Professional organisations decide on the labelling and 
certification of products. Biodiversity indicators are 

needed to help define relevant specifica-
tions for the labelling/certification of agri-
cultural products or practices. Examples 
are Organic Farming, Protection of Geo-
graphical Indications and Designations of 
Origin, Integrated Production, or private 
certification related to nature conserva-
tion, such as ‘apple juice from traditional 
orchards’ in Germany, the French ‘High En-
vironmental Value’ certification, or the Eu-
ropean label of ‘High Nature Value’ farm-
land. 

The demand for quality and sustainability 
in the agricultural sector is expected to in-
crease. Despite this, more proof is needed 

BioBio indicators were selected by iterative interaction 
between researchers and stakeholders. Whilst research-
ers ensured the scientific credibility of the indicators, 
stakeholders screened them for usefulness, attractive-
ness and practicability. Focus group discussions with 
farmers revealed a generally positive attitude towards 
biodiversity. Apart from monetary incentives, soft fac-
tors such as consciousness-raising and knowledge about 
biodiversity may be just as important for protecting 
farmland biodiversity.

2.1 The need for biodiversity indicators for 
farms

2.1.1 Stakeholders involved in biodiversity issues
Stakeholders interested in biodiversity are immensely di-
verse, consisting of public bodies (national and regional 
administrative bodies), research and education organisa-
tions, farmers’ organisations, consumers’ associations, and 
numerous NGOs dedicated to the conservation of nature 
and the environment. Their interest in biodiversity may be 
connected with the sustainability of agricultural produc-
tion and/or the conservation of rare/emblematic breeds 
and species as well as landscapes. Because stakeholders of-
ten collaborate, e.g. to implement agro-environmental 
measures, it is important for them to have a set of indica-
tors meeting their common and individual needs. Hence, 
the involvement of stakeholders in the BioBio project, and 
the active interaction between the Stakeholder Advisory 
Board (SAB) and scientists for the selection of the most ap-
propriate indicators. 

2.1.2 Specific interests of stakeholders 
Depending on the interests of the social groups they rep-
resent, stakeholders decide on different issues regarding 
the relationship between agriculture and the natural envi-
ronment.

Objectives of the BioBio Stakeholder Advisory Board (SAB)
Playing an active role throughout three workshops (Zurich, 25–27 March 
2009; Brussels, 21–22 October  2009; Brussels 25–26 January 2012), the SAB 
has supported the BioBio project since its inception by formulating the main 
expectations and criteria for relevant and useful biodiversity indicators. 
Stakeholders were heavily involved in the selection of candidate biodiver-
sity indicators to ensure that their needs were duly taken into account. 

The SAB conducted a critical review and made recommendations vis-à-vis 
the first list of indicators selected based on their scientific performance. In-
dicators were tested in the field, with stakeholders assessing their practica-
bility and relevance. In addition to the SAB, local stakeholders were also 
consulted in each case study at two local workshops at the start of the in-
vestigation, and then later on for their feedback on BioBio findings – see 
Pointereau & Langevin (2012).

2 Farmland biodiversity indicators in Europe
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to ascertain that these labels/certifications actually benefit 
biodiversity. The monitoring of biodiversity with a set of 
standardised indicators would help in assessing the rele-
vance of these labels/certifications. 

Consumers decide which products to buy. Biodiversity 
awareness is growing, but knowledge on biodiversity re-
mains low. Indicators would help publicise the importance 
of biodiversity and support sustainable practices through 
the promotion of environmentally friendly products.

NGOs for nature conservation work towards improved 
protection of biodiversity. NGOs generally deal with spe-
cific habitats and/or species such as wetlands and corn-
crakes. Some NGOs or local authorities buy farmland in or-
der to preserve heritage habitats and species. They then 
decide how this land is to be managed.  

2.1.3 Information required for taking action, and 
desirable quality of indicators
Some stakeholders may be interested in just one particular 
aspect of biodiversity, such as the abundance of rare  
species or the heritage landscape area. Even so, a set of 

several indicators is needed both to record the various ele-
ments of biodiversity (conservation and functional biodi-
versity) and to meet the common and specific needs of all 
stakeholders. Farm management indicators are necessary 
for creating a plan of action and proposing adapted mea
sures. 

Farmers need biodiversity indicators that reflect the pro-
ductive capacity of agrosystems: for example, they are 
very interested in indicators assessing the health of their 
soil, and/or the pollination of their orchards. Farmers also 
need to quantify their progress and the necessary efforts 
towards more sustainable agricultural production. Indica-
tors must therefore be sensitive to the implemented far
ming practices, especially so as to be able to serve as an 
early warning of adverse farming practices. One major  
issue concerns the efforts devoted either to increasing the 
share of semi-natural habitats (SNHs) on farm, or to imple-
menting more adapted farming practices (tillage, inputs, 
crop protection etc.). 

Indicators should also provide information on other envi-
ronmental issues such as carbon storage and water quality, 
as well as on the overall sustainability of the farm. Biodi-
versity indicators need to be put in context, particularly in 
order to distinguish between the status of species: a Welsh 
stakeholder, for example, remarked that “agri-environ-
mental schemes should really be benefiting species that 
have declined from agricultural land through changing 
practices and that are being replaced by species which are 
already ubiquitous in the managed countryside”.

It is important to improve the indirect indicators currently 
implemented and used in the different EU countries, such 
as the “surface area of landscape elements” or “extensive 
grassland management” (mowing period, number of cuts, 
stocking density, quantity of nitrogen used). Indirect indi-
cators are essential because they are used frequently by 
stakeholders. Although these indicators are easy to mea
sure and to record, regardless of the season, more know
ledge about the relationship between direct and indirect 
indicators is needed. How important, for example, are 
ecological focus areas (EFAs) or semi-natural habitats 
(SNHs) for species? Are these indicators (EFAs or SNHs) rel-
evant for all landscape types, such as open fields? Must 
they be adapted to the specific conditions of areas such as 
the lowlands or highlands? 

Indicators should be easy for a range of people – from 
farmers to skilled advisers – to record. Ideally, the indicator 
should allow any user to understand how it is set up, as 
well as being quick and easy to record, particularly since 
farm advisers have little time to spend on the assessment 
of a single farm. Indicators should ideally be observable by 
the farmer, such as common species of plants, or the pres-
ence of earthworms. We must ensure that the indicator is 
linked to agricultural practices rather than to other fea-
tures outside the farm ( e.g. presence of lagunes, lakes or 
forest) or the management of the surrounding farms. 

Examples
Thierry Fabian wants to evaluate the environmental  
benefit of producing French cheeses and cider with a  
geographical indication as opposed to producing con-
ventional products. Biodiversity indicators could also be 
used to characterise the area of a PDO (Protected Desig-
nation of Origin) product. Since 1991, Peter Mayrhofer 
has been developing the Ecopoint system in Lower Aus-
tria in the frame of the agro-environmental schemes. 
This system subsidises farmers in the maintenance of cul-
tivated landscapes and promotes environmentally 
friendly farming methods and low-intensity farming, in-
cluding biodiversity in the countryside and quality of 
landscape elements. Mr Mayrhofer is interested in meas-
uring the direct impact on biodiversity of this Austrian 
environmental scheme. In order to assess the benefit of a 
number of agri-environmental measures on biodiversity 
in Wallonia, Thierry Walot needs direct indicators that 
require a moderate expenditure of effort to apply. Clau-
dio De Paola requires biodiversity indicators in order to 
compare his experience in the Ticino Italian Regional 
Park with others. Patrick Ruppol wishes to provide or-
ganic farmers in Belgium with a tool for measuring their 
sustainability. Eva Corral is focused on measuring Euro-
pean farmers’ efforts to support greater biodiversity at 
farm level. In Spain, Eduardo de Miguel wants biodiver-
sity indicators that reflect the real impacts of farming 
practices after accounting for changes in climate, or spe-
cific landscape elements such as wetlands. Jörg Schuboth 
needs genetic biodiversity indicators to measure the de-
crease in fruit varieties in Germany and to promote their 
preservation. Simeon Marin wants to evaluate the im-
pact of farmland abandonment in the Bulgarian moun-
tains. 
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Countryside Survey provides scientifically reliable evi-
dence on many aspects of the state of the UK countryside. 
The results of the different surveys can be compared in or-
der to measure and assess change, and can be used to re-
view and develop policies that influence the management 
of the countryside. The field surveys conducted involve a 
sample of 600 1km*1km squares across Great Britain. Bo-
tanical diversity has changed, with the species richness of 
plants growing in fields, woods, heaths and moors de-
creasing by 8 % between 1978 and 2007. 

The Swiss Biodiversity Monitoring scheme was set up in 
2001. Species lists of plants, butterflies and birds are com-
piled every five years on 519 square kilometres randomly 
distributed across Switzerland. In addition, plants, mosses 
and land snails are sampled at the same intervals on an-
other 1650 10 m2 sampling points. This monitoring scheme 
enables a general assessment of the evolution of species 
numbers of the observed groups. 

In France, the National Monitoring of Hay Meadows 
scheme has been implemented since 2001 to monitor 
populations of breeding grassland birds and plant-species 
diversity, and to assess and explain the impact of the 
management of hay meadows on biodiversity. This survey 
was initiated by the Ministry of Ecology within the context 
of the decline of wet meadows and of the populations of 
several associated species such as the Corn Crake (Crex 
crex) linked with an intensification of farming practices 
(maize cultivation, early hay harvest, increased fertiliser 
use). The main finding concerns the negative correlation 
between an early hay harvest and the meadow passerines 
index. About 1000 stations are surveyed every year. Indica-
tors are related to both farming practices (time of hay har-
vest, size of field, cropping plan, amount and frequency of 

Austrian Case Study: Arable Farming System

2.1.4 Biodiversity monitoring in Europe
The European Environmental Agency uses 28 agro-envi-
ronmental indicators (IRENA) to monitor the impact of ag-
riculture on biodiversity as well as to assess the impact of 
agricultural and environmental policies. Of these, two 
have a direct impact on biodiversity: High Nature Value 
farmland area, and Population trends of farmland birds. 
Different methodologies, generally based on land use, na-
ture conservancy area and farming practices, have been 
used to define HNV farmland area. The farmland bird indi-
cator, which has been progressively implemented through-
out Europe since 1980, has shown a decline of around 
50 %.

The Streamlining European Biodiversity Indicators 2010 
initiative (SEBI 2010) has been implemented by the Euro-
pean Environmental Agency to reveal complex biodiver-
sity phenomena and trends. This pan-European process 
ensures that Europe’s governments, businesses and citi-
zens know the status of our biodiversity, and thus have a 
baseline for making sound decisions. In addition to the 
farmland bird indicator, several other biodiversity indica-
tors are provided, such as the Red List Index for European 
Birds (based on pan-European extinction risk), the Grass-
land Butterfly Population Index (showing a 60 % decrease 
in numbers since 1990), the Evolution of Native Population 
Sizes and Endangered Breeds (revealing, for example, that 
70 % of native sheep breeds in Greece are endangered), 
the Conservation Status of Natura 2000 Habitats (with 
only 7 % of the habitats in agro-ecosystems having a fa-
vourable conservation status).

Various biodiversity surveys with different objectives have 
been implemented on the national scale. Carried out in-
termittently since 1978 and most recently in 2007, the UK 

The 'Marchfeld' case-study area is situated in the Panno-
nian lowlands of Austria. The landscape is characterised 
by intensively managed arable-farming systems. Irrigati-
on is routinely used in vegetable production, as well as 

in certain arable crops such as sugar beet, potatoes and 
maize. Nearly 10 % of all cash-crop farms are certified 
organic.

Number of farms surveyed:  8 organic, 8 non-organic
Average farm size:  68 ha
Average N-Input:  97 kg/ha
Average energy input:  357 kg fuel equivalents
Total number of habitat types:  16 
Total number of plant species:  244
Total number of bee species:  52
Total number of spider species:  133
Total number of earthworm species:  11
Total number of crop species:  31
Total number of crop varieties:  100
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fertiliser application, type of fertiliser) and biodiversity 
(meadow passerines index of abundance, floristic species 
richness).
These surveys and monitoring programmes operate at the 
landscape scale (e.g. square kilometre), whilst the BioBio 
indicators operate at the farm scale, the scale at which 
farmers make their management decisions.

2.1.5 Aichi Targets require biodiversity monitoring
The most recent Convention on Biological Diversity (CBD 
Nagoya 2010) set out international goals –  the Aichi Tar-
gets for 2020 – to address such concerns. BioBio has partic-
ular relevance to the following targets: 

•	Target 5: The rate of loss of all natural habitats, including 
forests, is at least halved, and where feasible brought 
close to zero, whilst degradation and fragmentation are 
significantly reduced.

•	Target 7: Areas under agriculture, aquaculture and  
forestry are managed sustainably, ensuring conservation 
of biodiversity. 

•	Target 19: Knowledge, the science base and technolo-
gies relating to biodiversity and its values, functio
ning, status and trends, and the consequences of its 
loss, are improved, widely shared and transferred, and 
applied.

A comprehensive consultation on pressing concerns in sci-
ence and policy that would best be served by monitoring, 
yielded a series of key questions (Sier et al. 2010; Table 2.1). 
This calls for indicators which both develop scientific un-

Table 2.1: Pressing questions arising from scientific and 
policy circles concerned with biodiversity and environ-
mental monitoring (Sier et al. 2010).

Sector Questions

Fundamental 
science-based 
questions that the 
monitoring 
community must 
consider

• How is biodiversity changing?

• What are the main factors causing this  
   change, and what is driving them?

• Can we predict the likely effect on biodiver- 
   sity with the aid of projections and policy  
   options?

• How do ecosystem functions work, and how  
   does biodiversity change affect them? 

Pressing questions 
from the policy 
arena that must be 
addressed

• Are biodiversity strategies achieving the  
   desired outcomes?

• How successful have interventions such as  
   the Rural Development Programme been?

• Can we deliver biodiversity information  
   satisfactorily to our European and interna- 
   tional commitments?

derstanding of ecosystems and produce clear and timely 
information to aid in policy development and decision-
making.

2.2 Selecting good indicators –  
a participatory approach

2.2.1 Scientific screening
The first research step in BioBio focused on a review of es-
tablished ‘direct’ indicator groups at the three levels of 
biological organisation:

• Genetic

• Species

• Ecosystem (commonly equated with habitat)

Indirect indicators represented by information on farm 
management were taken into account:

•	Farm management system (e.g., organic or non-organic)

•	Farm type (e.g., arable, livestock production or mixed 
farming)

•	Agricultural management practices

The review of potential indicators was not initially re-
stricted to those designed exclusively for use in agricul-
tural ecosystems, but instead included possibilities repre-
sented in the scientific literature and developed in various 
analogous ecosystems (habitats) across Europe (Figure 2.1). 

The key selection criterion was the general agreement of 
the BioBio scientists that the indicator group showed po-
tential for use in the biodiversity monitoring of marginal 
agricultural regions of Europe. This yielded a sizeable list 
of potential indicators that were screened and reduced in 
the following steps:

•	Potential indicators considered by scientific experts to 
possess scientific credibility were identified in a project 
workshop at Aberystwyth University in September 2009 
(Figure 2.2).

•	Each potential indicator was identified as reasonably 
cost-effective based on best available estimates. 

•	 Indicators were identified as complying with the list of 
criteria for ‘usefulness’ generated by the first Stake-
holder Advisory Board meeting in April 2009.

This selection system was compatible with the ten United 
Nations Environment Programme criteria for the selection 
of effective and useful indicators (UNEP 2003; Table 2.2). 
Following the scoring and ranking of indicators based on 
these criteria, the four groups of indicators were further 
reduced. This exercise resulted in a comprehensive report 
on biodiversity indicators for the above-mentioned four 
categories (Dennis et al. 2009).
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Table 2.2: Quality criteria of biodiversity indicators (UNEP 2003).

Criterion Description

For individual indicators:

1. Policy relevant and meaningful

2. Biodiversity relevant 

3. Scientifically sound 

4. Broad acceptance 

5. Affordable monitoring

6. Affordable modelling 

7. Sensitive

Indicators should send a clear message and provide information at an appropriate level for policy and 
management decision-making by assessing changes in the status of biodiversity (or of pressures, re-
sponses, use or capacity), if possible with reference to baselines and agreed policy targets.

Indicators should address key properties of biodiversity or related issues such as status, pressures, 
responses, use or capacity.

Indicators must be based on clearly defined, verifiable and scientifically acceptable data collected using 
standard methods of known accuracy and precision, or based on traditional knowledge that has been 
appropriately validated.

The strength of an indicator depends on its broad acceptance. Involvement of policy-makers, major 
stakeholders and experts in the development of an indicator is crucial.

Accurate, affordable measurement of indicators as part of a sustainable monitoring system, using determi-
nable baselines and targets for the assessment of improvements and regressions, is essential.

Information on cause-and-effect relationships should be available and quantifiable, in order to link 
pressures, status and response indicators. These relational models enable scenario analyses and form the 
basis of the ecosystem approach.

Indicators should be sensitive in order to show trends, and where possible permit the distinction between 
human-induced and naturally occurring changes. They should thus be able to detect changes in systems 
within the time frames and on the scales that are relevant to the decisions, but should also be robust so 
that measuring errors do not affect their interpretation. It is important to detect changes before it is too 
late to correct the problems detected.

For sets of indicators:

8. Representative 

9. Low number 

10. Aggregation and flexibility

The set of indicators provides a representative picture of the pressures, biodiversity status, responses, uses 
and capacity (coverage).

The lower the total number of indicators, the more communicable they are to policy-makers and the public, 
and the lower the cost of communicating them.

Indicators should be designed so as to facilitate aggregation at a range of scales for different purposes. 
Aggregation of indicators at the level of ecosystem types (thematic areas) or at the national or interna-
tional level requires the use of coherent indicator sets (see criterion 8) and consistent baselines. This also 
applies for pressure, response, use and capacity indicators.

Figure 2.1. Task groups and activities organised to select scientifically sound biodiversity indicators.
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Task Group 1

Describe properties of appropriate, 
scientifically valid indicators to 
characterise and monitor 
biodiversity of agricultural 
ecosystems

Task Group 8

Describe desirable, practical policy 
and management relevant 
indicators or indices

Task Group 2

Highlight unique aspects of organic, 
low-input farming systems or their 
geographic location that require 
special consideration for indicator 
selection

Task Group 3

Indicators of genetic and species diversity of crop and 
fodder plants (relative importance of diversity or rare 
genes)

Selection criteria

WP 3 Case study
coordinators

Feedback whether the 
candidate list of indicators is 
practical, affordable and easy 
to implement

Compile candidate biodiversity indicators

Task Group 4

Direct indicators of wild plant, animal and fungal 
diversity on farmland and including domesticated 
livestock (genetic and species diversity)

Task Group 5

Indicators of vegetation, habitats and land covers

Task Group 6

Indirect indicators of biodiversity of different farming 
systems based on farm accounts and economics 
models

Task Group 7

Working definition of High Nature 
Farming and geographical 
distribution

Task Group 2

Identify only essential direct and indirect indicators for 
non-conventional farming systems

Filtering criteria

Task Group 6

Cost-effectiveness modelling. 
Cost of collecting, analysing 
and storing data versus value 
to society, e.g., more effective 
agri-environment policy 
formulation

Task Group 8

Assess that candidate list 
includes biodiversity indicators 
or indices that are appropriate 
for policy, management and 
public use and are easy to 
understand
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2.2.2 Interaction of scientists and stakeholders
Indicator factsheets were compiled and presented for  
the consideration of European stakeholders in a further 
Stakeholder Advisory Board Workshop held in Brussels in 
December 2009. After taking on board feedback and  
requests for biodiversity indicators from various public-
policy and third-sector environmental and commercial 
stakeholders, a further reduction in the list of potential  
indicators was agreed for evaluation in the WP 3 case  
studies (Figure 2.3). 

Figure 2.4 shows the stakeholders’ rating of the twelve 
species that were proposed by the scientific team, includ-
ing plants present in crops and in grassland, earthworms, 

Figure 2.2: Scientific review and selection of biodiversity 
indicators at the Aberystwyth Workshop, September 2009. 
Photo: J. Wilkes, Agroscope
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Research team
1. Selection criteria for BioBio indicators
2. Review of scientific literature 
3. Filtering criteria

SAB I
Elaboration of 

practical 
requirements

Field surveys + data analyses

Suggestion of 47 indicators

Stakeholders’ assessment

SAB II
Discussion and selection of

41 indicators for practical testing

SAB III
Stakeholder audit: 23 indicators retained

Figure 2.3: Indicator-filtering process involving repeated interactions  
between researchers and stakeholders (Stakeholder Advisory Board SAB).

wild bees and wasps, birds, spiders, carabid beetles, and 
butterflies. from among the groups with the highest 
scores, flowering (vascular) plants, earthworms, spiders, 
and bees and wasps were selected for field testing. The in-
clusion or otherwise of farmland birds was heavily de-
bated. Bird monitoring is already well established and im-
plemented throughout several European countries, where 
the general population trends of 37 widespread farmland 
bird species are used to produce a European Farmland Bird 
Indicator (FBI; BirdLife International, no date; European 
Bird Census Council, no date) and national trends are also 
used as an OECD National Environmental Quality of Life 
indicator. The European FBI has demonstrated an alarming 
decline between 1980 and 2012 equivalent to 300 million 
birds (BirdLife International, no date). It was therefore 
concluded that there was no need for additional research 
on bird monitoring, and birds were not retained for field 
testing. What’s more, owing to their size and mobility, 
birds are of limited use as an indicator for habitats below 
the individual-farm scale, and hence could only realistically 
be used as an indicator for farms as the smallest unit of 
comparison. They cannot be measured within the strati-
fied sampling design created for other BioBio species indi-
cators based on the mapping of general-habitat catego-
ries.

The assessment of the 47 indicators revealed that stake-
holders focused mainly on the species diversity and farm 
management indicators. Not accustomed to being aware 
of genetic diversity indicators, stakeholders had difficulty 
assessing the latter at the start of the project. Over the 
course of the project this state of affairs changed, and in-

dicators for genetic diversity were explicitly en-
couraged as part of the BioBio indicator set fol-
lowing the final stakeholder audit. As for the 
habitat diversity indicators, stakeholders agreed 
with the necessity of describing and accounting 
for the various habitats of a farm, but requested 
that they be presented in a simplified form. They 
also asked for the inclusion of more indicators 
describing farming practices such as the feeding 
system, manure management and tillage prac-
tices, energetic balance, GHG emissions, and im-
proved consideration of the indirect indicators 
commonly used by many stakeholders, e.g. the 
ecological compensation area (landscape ele-
ments).

On the whole, stakeholders preferred generic to 
specific indicators. A set of indicators was also 
more highly rated than one or two aggregated 
indicators. Habitat and farm management indi-
cators were given high ratings by the stake
holders, as they are easier to record and more 
often used in their work.

 
Fig. 2.5 shows the subsequent reduction of the 
number of indicators during the course of the 
BioBio project. 
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Figure 2.4: Overall assessment by the Stakeholder Advisory Board of species diversity indicators.

Figure 2.5. Refinement of indicator sets divided into four categories during each phase of the BioBio project.
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2.3 Farmers’ perception of biodiversity and 
of biodiversity indicators 

2.3.1 How do farmers value biodiversity?
It is important to explore and understand the attitudes 
and values attached to biodiversity by local residents, vil-
lagers and farmers because these actors perceive the non-
importable, non-marketable functions resulting from bio-
diversity-enhancing agricultural activities in a highly direct 
manner and to include their approaches in scientific and 
policy discussions.

The ecological values of biodiversity can be comprehen-
sively recorded by means of biodiversity indicators, whilst 
market-based (monetary) valuation methods are useful for 
assessing the private monetary benefits provided by biodi-
versity (Nunes & van den Bergh 2001). Many public bene-
fits, however, which are often expressed in social/psycho-
logical value categories, are difficult to monetise or de-
scribe with ecological indicators. Moreover, it is often 
difficult for people to conceptualise biodiversity (Soini & 
Aakkula 2007), both because it is an inherently scientific 
term, and because its benefits are better perceived at a 
general level (e.g. it is the basis of human life, it provides 
balance, it has aesthetic functions and creates a sense of 
place).

Non-monetary valuation, and more explicitly the focus 
group method, was tested in the BioBio project with 
French, Hungarian, Italian, Welsh and Ugandan organic 
and extensive non-organic farmers, in order to expand the 
valuation of biodiversity benefits to the most comprehen-
sive level (Figure 2.6). The advantages of non-monetary 
valuation are that it uses a holistic approach, focusing on 
the values inherent in the integrity, stability and resilience 
of complex systems, and that it often focuses on public in-
volvement, which could lead to social learning and conflict 
resolution (Buijs et al. 2008).

2.3.2 Farmers’ interpretation of biodiversity
The focus group experiences revealed that biodiversity is 
very much connected to farmers’ everyday lives and agri-

Figure 2.6. Focus group meetings: Hungary, Italy, France.  
Photos: Á. Kalóczkai, SIU, T. Zanetti, UNIPD, J. P. Choisis, INRA.

cultural practices, with farmers often talking about the 
methods used on their farms and their approach to agri-
culture as regards biodiversity. 

Biodiversity was sometimes transformed into a symbol of  
social life (it was seen as a human being, or used to con-
ceptualise contradictory opinions, etc.). This shows once 
again that for farmers, biodiversity is not an independent, 
purely scientific concept. Both species and landscape di-
versity seem to be important manifestations of biodiver-
sity to farmers because they found it easier to concep
tualise biodiversity when it was linked to personal experi-
ences and observations.
 
In spite of this, the essence of biodiversity – especially for 
organic farmers – is not the richness of species, but the in-
teractions within nature that form the basis of life. Even 
though farmers do not fully understand these interac-
tions, their complexity and universality provides a strong 
ethical and philosophical justification for preserving this 
biodiversity. 

According to our findings, organic farmers were more fa-
miliar with the term biodiversity. Furthermore, they were 
more aware of the complex nature of biodiversity, and ap-
proached it from a philosophical and spiritual viewpoint. 
By contrast, non-organic farmers tended to identify bio
diversity with species diversity and to relate it more  
directly to farming. 

2.3.3 Farmers’ attitudes towards biodiversity
In general, farmers had positive attitudes towards biodi-
versity. Biodiversity was often linked to personal feelings, 
emotions and memories, and talking about these personal 
impressions was usually a pleasure for them. Rational ar-
guments emerged more frequently when farmers dis-
cussed the connections between farm management and 
biodiversity protection.

Within focus groups of organic farmers, debate about the 
positive role of biodiversity was rare, and a strong exist-
ence value was consistently attributed to biodiversity. 
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Non-organic farmers, on the other hand, also addressed 
the negative effects of biodiversity – e.g. weeds, pests,  
increasing costs – in addition to its importance, and differ-
entiated between useful, neutral and harmful species. 
Hence, non-organic farmers tended to have a more instru-
mental (rational) view of biodiversity, whilst the majority 
of organic farmers referred to feelings and emotions,  
personal values and identity, which shows the importance 
of ethical considerations in farming and biodiversity  
management.

2.3.4 Farmers’ perceptions of the benefits and values of 
biodiversity
Ethical and social values seem to be important aspects of 
biodiversity. Aesthetic value, value attached to lifestyle or 
life philosophy, bequest value and existence value were 
mentioned by farmers. Ethical values were attributed  
to species diversity and the heterogeneity of the land-
scape, as well as to the ‘complex systems’ view of biodiver-
sity.

Ecological values were mentioned less frequently, and 
were mainly linked to the ‘complex systems’ approach of 
biodiversity. Economic values were more directly linked to 
biodiversity, in that economic benefits and costs are im-
portant factors in farm management decisions, and biodi-
versity has an impact on both benefits and costs. Farmers 
tend to rate biodiversity by comparing its contribution to 
the costs and benefits of farming because agriculture is 
their main livelihood. 

The ‘cost-benefit’ approach to biodiversity is often in con-
tradiction with the ‘ethical and social values’ approach. 
Farmers may respect biodiversity and attribute an existing 
value to it, while at the same time bearing in mind the eco-

nomic viability of farming. This may cause cognitive disso-
nance, which is resolved either by blaming the contextual 
factors of farming, or by searching for further actions to 
protect biodiversity.

2.3.5 Farmers’ perceived role in preserving biodiversity
Both organic and non-organic farmers see themselves as 
playing an important role in biodiversity protection be-
cause their farm management practices have a strong in-
fluence on nature. On the whole, farmers regarded their 
activities as tending to favour biodiversity, even if they ad-
mitted that some of their practices can harm nature.

Participating farmers primarily blamed the intensification 
of agriculture for the loss of biodiversity, while insisting 
that the use of practices with detrimental environmental 
impacts is usually due to external factors (e.g. market 
mechanisms). 

Both individual and community responsibility were ad-
dressed in the discussions, and actions such as education, 
awareness raising, discussion with other farmers, and set-
ting a good example were urged. Current policy was criti-
cised in most of the focus groups for its failure to effec-
tively protect biodiversity, however.

2.3.6 It’s not all about money
Focus groups revealed the wealth of assessment ap-
proaches and wide range of benefits farmers attach to  
biodiversity: ethical, social,  economic and environmental 
values were mentioned in almost all of the groups, and  
different beneficiaries were addressed by farmers. These 
results suggest that in addition to monetary incentives, 
the ethos and emotional response of farmers are impor-
tant drivers to promote biodiversity in farming. 

Bulgarian Case study: Semi-Natural Low-Input Grassland

region is included in NATURA 2000  Special Protection 
Areas for birds. As the use of fertilisers and pesticides on 
grassland is limited, the farms are classified as low-input 
systems.

Cattle-rearing and sheep-breeding are the basis for the 
manufacture of a variety of dairy products in the Smoly-
an region of the Rhodopes Mountains of south-central 
Bulgaria. Around one-third of the area of the Smolyan 

Number of farms surveyed:  16 low-input
Average farm size:  25 ha + 88 ha summer pasture 
Average N-Input:  84 kg/ha
Average energy input:  126 kg fuel equivalents
Total number of habitat types:  31 
Total number of plant species:  387 (of which  
  9 Red-list species and 8 Balkan endemics)
Total number of bee species:  105
Total number of spider species:  172
Total number of earthworm species:  8
Total number of livestock species:  2
Total number of breeds:  5 
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Providing clear information (i.e. which can be understood 
by less-well-educated people) and training – in particular 
collective training where experiences can be shared – is im-
portant for providing non-organic (i.e. more intensive) 
farmers with the minimum background necessary for  
understanding issues concerning biodiversity, which is a  
basis for preparing better cost-benefit analyses at the farm 
level. It may be possible to encourage non-organic (i.e. 
more intensive) farmers to protect biodiversity with soft 
policy tools. Consequently, policy-makers should pay more 
attention to raising awareness and to the greater involve-
ment of farmers in designing policies sympathetic to bio
diversity.
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In the BioBio case study regions, environmental and  
farming information and statistics were first used to de-
fine the investigation framework. Methods for collecting 
biodiversity and farm-management data were then  
applied in a standardised manner. Candidate indicators 
which distinguished between farms and case studies were 
retained. Case studies differed considerably from one  
another in terms of indicator values and correlations  
between indicators.

Activities for the farm scale monitoring of direct and indi-
rect biodiversity indicators in BioBio were chronologically 
structured as follows:

Farm selection Field training First, farms were selected in 
regions (case study). In the 
meantime, field training was 
organised for the habitat 
mapping and the species 
sampling methods.

Habitat 
mapping

Second, habitats were mapped 
on farms.

Selection of 
habitats/fields 
for species 
sampling

Third, habitats/fields were 
selected from maps to be 
sampled for species indicators.

Species 
diversity 
sampling

Fourth, species indicators were 
sampled in the selected 
habitats/fields.

Interviews on 
farm manage-
ment and 
genetic 
diversity

Fifth, farmers were interviewed 
to enable assessment of the 
management and genetic 
diversity of crops and livestock.

Detailed descriptions of methods used in BioBio are availa-
ble from Dennis et al. (2012).

3.1 Approach to farm selection

BioBio case study regions representing major organic and 
low-input farming systems were selected on the basis of 
the HNV Farmland method (Andersen et al. 2003) and sta-
tistical sources (EUROSTAT, Organic Farming in Europe, no 
date) according to their relative importance and distribu-
tion across Europe. 

Each of the 12 European case studies (as well as the addi-
tional case studies in Tunisia, Ukraine and Uganda) focused 
on a factor of interest, i.e. organic versus non-organic 
(baseline) systems or low-input systems along a gradient of 
farming intensity. To qualify as a BioBio case study farm, or-
ganic farms were required to have been certified since 

2005, i.e. had to have been continuously managed accord-
ing to organic farming standards (EC 2007) for a minimum 
of five years. In the case of low-input systems, one or two 
significant variables were chosen to define the largest pos-
sible intensity gradient for farm selection.

When selecting farms for biodiversity monitoring con-
founding factors must be accounted for, especially if dif-
ferent farming systems are to be sampled (organic and 
non-organic in BioBio). Two sets of potentially confound-
ing factors were recognized in BioBio:

1) Environmental conditions: biogeographical region, geo-
morphological and soil features, landscape situation, al-
titude;

2) Farm characteristics: type of farm (crops, forage, mixed 
farming, animal species), size, management intensity, 
uncultivated habitat types.

Examples of possible confounding effects and problems of 
interpretation caused by poor farm selection include the 
following:

a) All (or most) of the organic farms are selected at high al-
titude in a region, whilst all (or most) of the non-organic 
farms are selected at low altitude. An observed differ-
ence in biodiversity indicator values cannot be attrib-
uted unequivocally to the farming system because alti-
tude is correlated with the latter. It is then difficult to 
determine whether an observed difference in measure-
ments of biodiversity indicators is due to the farming 
system, or to the altitude (Figure 3.1).

b) All (or most) of the selected organic farms grow crops, 
whilst all (or most) of the selected non-organic farms 
have mixed farming (or vice versa). An observed differ-
ence in biodiversity indicators cannot be attributed un-
equivocally to the farming system because the type of 
farm is correlated with the latter. In this example, it is 
difficult to determine whether an observed difference 
in biodiversity indicator measurements is due to the 
farming system, or to the type of farm.

In each case study region, 16–20 farms were randomly 
selected out of the 30–40 which were available for the 
evaluation of candidate biodiversity indicators, and 
which had been preselected with the aim of avoiding 
potential confounding factors. 

In the case of heterogeneous regions, farms were se-
lected in pairs, i.e. one organic and one non-organic 
farm in the same environmental conditions in each  
case.

3 Methods for assessing biodiversity indicators at farm scale

Philippe Jeanneret, Gisela Lüscher and Felix Herzog
Agroscope Research Station ART, Zurich, Switzerland
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Figure 3.1: Acceptable patterns of farm selection for case studies with organic and non-organic farms (a) and (b),  
and for HNV regions with a gradient of intensity (d). Systematic bias in options (c) and (e) must be avoided.
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3.2 Mapping a farm (habitat map)

A farm is a business that usually consists of several enter-
prises (economic activities such as crop production or ani-
mal husbandry) composed of several fields. Farms are of-
ten not consolidated, i.e. rather than being adjacent to 
one another; its individual plots may be dispersed over rel-
atively large areas. As a first step, the farm boundaries 
were obtained either from cadastral maps or from the 
farmer. The survey area was defined by the farm property 
boundary. Habitats of the farm were provisionally identi-
fied based on interpretation of aerial photographs or sat-
ellite images available on the internet. Detailed habitat 
mapping was conducted in the field. Habitats were de-
fined on the prepared base maps (e.g. aerial photographs) 
and described on standard forms. Site conditions were de-
scribed according to a predefined code for geomorphol-
ogy, geology, soil, etc. 

Mapping the habitats of a farm is the first step of record-
ing biodiversity indicators. BioBio has adopted a standard 
habitat mapping procedure for the European scale devel-
oped by Bunce et al. (2008). The habitat/land use classifica-
tion method is based on a generic system of habitat defini-
tions or so-called General Habitat Categories (GHCs); see 
Dennis et al. (2012) and EBONE (no date).

3.3 Selecting habitats for species diversity 
measurements

Once a farm had been mapped, habitats were grouped 
into types (Figure 3.2). Generally, each GHC or combina-
tion of GHCs represents a different habitat type except for 
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grasslands, for which a finer classification is used. Grass-
land GHCs are further subdivided according to their mois-
ture and nutrient levels as indicated by the environmental 
conditions.

Of each habitat type belonging to the farmed area, one 
habitat was randomly selected as a survey habitat for 
plant, bee, spider and earthworm species. 
This random selection of habitats to represent all habitat 
types on a farm with a single example is the basic structure 
of the sampling design for assessing species diversity at 
farm level.

Figure 3.2: Schematic farm with six areal and two linear 
habitats belonging to four different habitat types (A, B, C, D). 
From each habitat type, one individual habitat (stars) is ran-
domly selected for species diversity recording.
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3.4 Species diversity recording

Species diversity recording methods are described in detail 
by Dennis et al. (2012). Basically, in each selected habitat 
for flora and fauna surveys, all of the following species in-
dicators were sampled:

•	 Vascular plants of farmland habitats;

•	 Wild bees and bumblebees of farmland habitats (re-
ferred to later as ‘bees’);

•	 Spiders of farmland habitats;

•	 Earthworms of farmland habitats.

The spatial location for sampling areal and linear habitats 
is illustrated in Figure 3.3.

Vegetation – The procedure for recording vegetation used 
two types of plots, square and linear. Square plots were 
positioned in areal habitats (Figure 3.3) and linear plots 
were positioned in linear habitats. Vegetation was re-
corded in nested plots of 4 m2, 25 m2, 50 m2 and 100 m2 re-
spectively in areal habitats, and of 10m x 1m in linear hab-
itats. All vascular plants were recorded, but cryptogams (li-
chens or bryophytes) were not. Once the whole plot was 
recorded, the estimated cover percentage for the entire 
plot was listed against each species, using 5 %-cover cate-
gories. 

This procedure provides basic information on the species 
composition of vegetation within the habitats, as well as 
allowing a rating of quality for assessing future change. 

Wild and domestic bees and bumblebees: Bees were cap-
tured with an aerial net. Each habitat was surveyed by a 
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Vegetation plots
Bee transect
Spider suction samples
Earthworm soil samples

Figure 3.3: Flora and fauna sampling in areal (a) and linear habitats, without shrubs (b) and with shrubs (c). 
Source: Dennis et al. (2012).

slow walk along a 100-metre-long, 2-metre-wide transect 
crossing the centre of the vegetation plot. Where habitat 
length was shorter than 100m, 2 x 50m transects were 
surveyed. The transect walk lasted 15 minutes. While 
walking, the collector caught all individual bees seen 
within the 2m-wide ‘belt’ with a standard entomological 
aerial net. Captured specimens were immediately trans-
ferred into a killing jar charged with ethyl acetate, and 
taken to a taxonomist for identification if they could not 
be immediately identified in the field by the collector. The 
transect walk was repeated three times throughout the 
season.

Spiders: Spiders were caught with a modified vacuum 
shredder powered by a two-stroke engine. A suction sam-
ple composed of five subsamples was taken in each habi-
tat selected from the habitat map of each farm. Each of 
the five suction subsamples was taken within a sample 
ring (0.357 m internal diameter and 40 cm height) placed 
beforehand at random on the target vegetation within 
the habitat. Samples were stored in a cool-box, with plant 
material, dust and other arthropods separated out in the 
laboratory, and identified by a taxonomist. Sampling was 
repeated three times throughout the season.

Earthworms: Cool and wet seasons were the preferred 
time for sampling. Extraction by applying an expellant so-
lution (diluted allyl isothiocyanate AITC) causing the 
earthworms to come to the soil surface was first per-
formed in three samples of 30 x 30 cm each. After this, 
three soil cores (each 30 x 30 x 20 cm deep) were taken 
with a spade. Earthworms were extracted from the soil 
core, stored in alcohol, and identified by a taxonomist.

A total of 1490 plots were surveyed on 195 farms (Table 
3.1).
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The farm management questionnaire was divided into 4 
main sections (A, B, C and D) and several subsections:

•	 Form A surveyed general farm data collected at farm 
level, such as overall energy consumption, agri-environ-
mental measures, organic matter fluxes, etc.;

•	 Form B yielded parameters describing the farm’s plant 
production system. Standard operation data such as fer-
tilization practices, plant protection measures and 
mechanised field operations were collected for each 
crop or grassland type. Data were used to calculate ni-
trogen input and nitrogen balances as well as to assess 
farming intensity based on grazing management, plant 
protection measures and mechanised field operations. 
The synthesis of data from all completed ‘B’ forms re-
flects the complete plant production system of the farm. 

•	 Form C concerned the specific management of habitats 
where flora and fauna indicators are sampled (results 
not shown here). 

•	 Form D provided information on livestock management 
and livestock numbers on the farm, broken down by 
livestock category, enabling the calculation of livestock 
units. Additional parameters were meat production (in-
dicator for productivity), use of pastures and common 
grazing land.

Data were processed in spreadsheets, where further indi-
cator calculation was performed, as well as in the online 
tool Dialecte (see box).

3.5 Genetic diversity assessment

A comprehensive set of indicators for detecting biodiver-
sity in farming systems must include measures of genetic 
diversity within species. However, reliable detection of ge-
netic diversity is generally labour-intensive, often techni-
cally demanding, and can be difficult owing to the lack of 
information on e.g. breeding pedigrees and seed sources. 
In BioBio, the assessment of on-farm genetic diversity is 
based on a questionnaire surveying data on the number 
and abundance of different breeds per farm animal spe-
cies, the number and abundance of different varieties per 
crop species, the origin of crops, and pedigree-based ge-
netic diversity. Data were collected together with the farm 
management data. See Dennis et al. (2010) and Dennis et 
al. (2012) for detailed information and questionnaires.

3.6 Farm management interviews

The farm management questionnaire is the basis for farm 
management data collection. Designed to cover the  
management practices of farms with and without live-
stock, the questionnaire takes into account different land-
use types such as grassland, arable crops and permanent 
crops (olives and vineyards), as well as semi-natural habi-
tats (field margins, hedges etc.). Data were recorded on 
different scales of measurement: farm level, crop level 
(standard operations for each crop), and field level (selec
ted habitats of the species survey). All data collected in the 
farm management questionnaire derived from the inter-
views based on farmers’ operational knowledge of their 
farm and on basic farm accounting. 

Table 3.1: Number of farms and species plots per case study region. Data shown here is based on the 12 European 
case study regions. Preliminary results from Tunisia, Ukraine and Uganda are shown in Chapter 10. ARA = Arable, 
HOR = Horticultural, GRA = Grassland, DEH = Dehesa, MIX = Mixed farming, VIN = Vineyards, OLI = Olives.
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3.7 Why and how to relate habitat 
measurements to farm scale indicators

In agriculture, the farm is an important unit of considera-
tion. Various important issues such as agri-environmental 
policy, the implementation of agri-environmental mea
sures (objectives), evaluation of the measures (success), 
and overall management of the farming system including 
production, crop rotation, etc., address the farm level.

In BioBio, the farm level of analysis allows us to investigate 
relationships among biodiversity indicators, i.e. gene, spe-
cies, habitat and management indicators, at a common 
spatial-unit level, i.e. the farm. Whereas habitat diversity, 
genetic diversity and farm management surveys yield indi-
cators at farm level, species surveys are conducted in indi-
vidual habitats and must be scaled up to the farm level, 
which is the common denominator for BioBio indicators. 
Measurements of indicator species in individual habitats 
must be aggregated into a farm-level value in order to be 
related to indicator measurements that only occur at farm 
level. 

In BioBio, species data consisted of matrices with lists of 
species and the abundance of individuals (or cover in the 
case of plants), as well as habitat identification stating 
where individuals were collected or observed. Once the 
species lists are available, there are at least five different 
methods for aggregating species richness at farm level 
from species data obtained in habitats (section 6.3.2):

Gamma richness:	 Total number of species on the 
farm aggregated over the sam-
pled habitats;

Alpha richness:	 Average number of species over 
the sampled habitats;

DIALECTE is an assessment tool taking 
into account the entire agricultural 
farming system. It was used in BioBio 
to produce two indicators (Total nitro-

gen input and Total direct and indirect energy input) 
and to cross-check the interview data (plausibility test-
ing). DIALECTE indicators contribute to a quantitative 
assessment of the environmental impacts at farm level. 
The environmental performance is based on an analysis 
of farm diversity and farming practices (nitrogen mana
gement, use of pesticides, irrigation) with 43 indicators. 
Diversity is represented by crop diversity, the livestock 
system and the ecological infrastructure (semi-natural 
habitats). DIALECTE takes into account the impact of  
a farm on the main environmental components: water 
(quality and quantity), soil (erosion and fertility), bio
diversity and non-renewable resource consumption. 
DIALECTE is provided in several languages and freely  
accessible via Internet (http://dialecte.solagro.org). 

Area weighted richness:	 Total number of species over the 
sampled habitats weighted by 
the area of the habitat types to 
which each habitat belongs;

Rarefied richness:	 Average number of species cal-
culated for the smallest number 
of habitats found on a farm  
(rarefaction);

Chao estimated richness:	 Estimated number of species on 
a farm based on the cumulative 
number of species and single-
tons found in habitats.

Given the approach of sampling one habitat per habitat 
type over the farm, the above five variables should like-
wise approximate the species richness of that farm. This 
approach for determining species richness at farm level 
has two main shortcomings: (1) the same number of spe-
cies is implicitly attributed to all habitats of the same type, 
i.e. the possible and probable variability of species diver-
sity among habitats of the same type (the so-called beta 
diversity within the habitat type) is not considered; and (2) 
the definition of the habitat types used for the habitat 
mapping is essentially based on vegetation types and geo-
morphological features, which possibly neglects impor-
tant habitat features for e.g. bees which would lead to the 
definition of another habitat type; consequently, two hab-
itats may be attributed to one habitat type in terms of the 
vegetation type found there, but might correspond to two 
different habitat types if bee habitat characteristics were 
being considered. 

The above-mentioned approaches were used to conduct 
all five upscaling procedures as well as to calculate farm 
scale species richness. In most case study regions and for 
the four species groups, the gamma richness, i.e. the total 
number of species aggregated over the sampled habitats, 
correlated significantly with the other four richness indices 
(Jeanneret et al. 2012). Thus, information on the relation-
ships between species groups, and with the management 
and habitat indicators is based on gamma richness.

3.8 Data analysis and indicator selection 
approach

The following criteria for indicator selection were applied:

1.	 Indicators must be reliably measurable across Europe;

2.	There must be no correlations, or only minor ones with 
other indicators (except for management indicators); 

3.	 Indicators should detect differences between farms; 

4.	Indicators must pass the stakeholder audit.

http://dialecte.solagro.org


30 ART-Schriftenreihe 17  |  September 201230

Methods for assessing biodiversity indicators at farm scale

Several indicators were discarded at an early stage be-
cause they could not be measured and calculated in all 
case study regions. Examples of these are indicators based 
on Ellenberg values, which are not available for the plants 
in all countries across Europe, and the ‘permanent grass-
land’ indicator, because in many instances neither the 
farmers during the interviews nor the field staff during 
habitat mapping were able to distinguish reliably between 
permanent and sown grassland. Permanent grassland is 
also defined very differently in national agricultural cen-
sus in different EU member state and EFTA countries.

If two indicators correlate they convey the same informa-
tion, and only one of them need be measured. Within the 
four indicator groups (habitat, species, genetic diversity 
and farm management), correlating indicators were iden-
tified and one of them was discarded. In a second step, 
correlations across the themes were investigated, in par-
ticular between management, habitat and species diver-
sity indicators. These correlations may indicate relation-
ships which help us to understand the biodiversity find-
ings, and in the case of strong and consistent correlations 
across case study regions, surrogate indicators may be 
identified. Examples of these analyses are given below.

The indicators should allow us to detect differences be-
tween farms within case studies because farms with a 
range of management intensities had been selected. Ex-

amples of this variability are shown in Figure 3.4, and the 
same graphs are provided on the indicator factsheets.

The remaining indicators underwent detailed screening 
with a view to identifying surrogate indicators, in particu-
lar between farm management indicators, which are 
based on easily recordable interview data, and actual bio-
diversity indicators. The analysis was performed within the 
farming types of the case studies. 

3.8.1 Arable and horticultural case studies – Austria, 
France and The Netherlands
No general pattern could be derived for the arable case 
studies on the basis of the correlation analysis between 
the selected indicators. Nevertheless, there was a degree 
of similarity, e.g. the number and abundance of different 
varieties per species (genetic diversity indicator A4_1) cor-
related positively with the number of pesticide applica-
tions (D9), and the management indicators correlated sig-
nificantly with each other (e.g. arable case study in Aus-
tria, Figure 3.5). In Austria, all species indicators correlated 
positively with one another, while in France only plant spe-
cies richness correlated positively with bee and spider spe-
cies richness.

Furthermore, most of the habitat diversity indicators cor-
related significantly with each other in France, but less so 
in Austria and The Netherlands. In addition, the number of 

Farm-scale indicators

	 Level of measurement		  Indicator level

Habitat diversity	 Farm		  Farm
Species diversity	 Plot		  Farm
Genetic diversity	 Farm		  Farm
Farm management	 Farm		  Farm

The species diversity measurements must be scaled up to 
the farm level in order to achieve a comprehensive and 
consistent indicator set because species diversity indica-

tors were measured in plots representing each habitat, 
and other indicators – genetic, habitat diversity and farm-
ing indicators – were recorded for the entire farm. 

There are various ways to scale up species diversity to the 
farm scale. ‘Gamma richness’, the species richness index 
selected, yields the total number of species on the farm 
aggregated over the sampled habitats. The unit of meas-
urement is then the number of species per farm. By con-
trast, habitat diversity and farm management indicators, 
e.g. the numer of habitat types (HabRich) and the number 
of livestock units (AvStock), are usually expressed on a 

per-hectare basis. Calculating values per hectare has the 
advantage of allowing comparisons between farms of 
various sizes, in particular when indicator values are a 
function of farm size. We may, for example, expect habi-
tat richness to depend on farm size, i.e. larger farms may
tend to consist of a greater number of different habitat 
types (and thus also possess greater species richness). 

The correlation of species diversity, habitat diversity and 
farm management should be done on the same basis. Ex-
pressing gamma richness per hectare is an unsuitable ap-
proach, since it would require an extrapolation owing to 
the standard methods used to assess the species indica-
tors on selected plots. Moreover, when calculating corre-

lations between two indicators which are adjusted for 
farm size, i.e. where values are divided by the size of the 
farm to obtain values per hectare, correlation coefficients 
are artificially increased. For this reason, absolute ‘per 
farm’ values were used to analyse correlations across indi-
cator groups (species, habitat, management).
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on these results, however, no surrogate nor additional 
elimination of indicators can in general be proposed for 
grassland case studies, as each indicator relates to specific 
conditions in these case studies.

3.8.3 Dehesa case study – Spain
In the Dehesa case study, significant correlations occurred 
between the management and habitat diversity indica-
tors. In particular, the proportion of farmland with shrubs 
was significantly and negatively correlated with average 
stocking rate and grazing intensity, whilst the share of 
semi-natural habitats was negatively correlated with total 
nitrogen input. With increasing numbers of livestock, 
there were fewer linear elements per hectare. Species indi-
cators were weakly correlated and not significantly corre-
lated with any other indicators. Thus, a number of habitat 
diversity indicators could be represented by farming indi-
cators in Dehesas.

3.8.4 Mixed farming case study – Germany
In the mixed farming case study, total nitrogen input was 
the management indicator with the highest correlation 
with all other management indicators (e.g. negative corre-
lation with ‘area without use of mineral N-fertiliser’, and 
positive correlation with ‘pesticide use’), excluding ‘num-
ber of field operations’ but including plant and bee species 
richness and ‘crop richness’ (negative correlation). Further-
more, the species richness of fauna indicators could be  
represented by plant species richness because of positive 
correlations between the two. No other indicators can be 
proposed as surrogates for habitat diversity indicators, 
however.

2:1 - 2 volle Textspalten - Frutiger 16 pt

2:1 - volle Textspalte - Frutiger 16 pt

A
R

A 
 A

us
tri

a
A

R
A 

 F
ra

nc
e

H
O

R
 

 N
et

he
rla

nd
s

G
R

A 
 B

ul
ga

ria G
R

A 
 S

w
itz

er
la

nd
G

R
A 

 H
un

ga
ry G
R

A 
 N

or
w

ay
G

R
A 

 W
al

es D
EH

 
 S

pa
in

M
IX

 
 G

er
m

an
y VI

N
 

 It
al

y
O

LI
 

 S
pa

in

0
20

40
60

80

Spider gamma 
richness

A
R

A
 

 A
us

tri
a

A
R

A
 

 F
ra

nc
e

H
O

R
 

 N
et

he
rla

nd
s

G
R

A
 

 B
ul

ga
ria G
R

A
 

 S
w

itz
er

la
nd

G
R

A
 

 H
un

ga
ry G
R

A
 

 N
or

w
ay

G
R

A
 

 W
al

es D
EH

 
 S

pa
in

M
IX

 
 G

er
m

an
y VI

N
 

 It
al

y
O

LI
 

 S
pa

in

0.
0

0.
5

1.
0

1.
5

2.
0

Habitat diversity

Figure 3.4: Examples of candidate indicator potential for distinguishing between farms within and between case study regions: 
Habitat diversity and spider richness per farm across the European case studies. Dots represent individual farms, boxes show 
median, 25 %, and 75 % of the values; colours differentiate between farm types (yellow: ARA = arable, HOR = horticultural; green: 
GRA = grassland, DEH = Dehesa; blue: MIX = mixed farming; red: VIN = vineyards, OLI = olives). 

habitat types (C2a) on farms in Austria had strong positive 
correlations with species indicator richness, i.e. plants 
(B2_1.1), earthworms (B4_1.1), spiders (B8_1.1) and bees 
(B9_1.1), whilst this pattern did not occur in France. In both 
case studies, management indicators did not correlate 
with species indicators. In the horticultural case study, pat-
terns of correlation were similar to those of the arable case 
studies, but usually weaker. Consequently, the number of 
pesticide applications (D9) could be taken as a surrogate 
for the other management indicators and for the number 
of varieties (A4) in arable case studies. However, no surro-
gate can be proposed between the indicator groups be-
cause no surrogates can be recommended either for spe-
cies richness or for habitat diversity indicators due to con-
trasted results.

3.8.2 Grassland case studies – Bulgaria, Switzerland, 
Norway, Hungary and Wales
The general pattern in grassland case studies showed a 
few significant and weak correlations among the indica-
tors. Significant correlations occurred mainly within indi-
cator groups, i.e. within species, habitat and management 
indicators. For example, the species richness of vascular 
plants (B2_1.1) in Switzerland was significantly positively 
correlated with the three other species indicator groups 
(Figure 3.6), but this was not a general pattern in either 
Bulgaria, Hungary or Norway. In Wales, the correlations 
within indicator groups were often significant, and some 
habitat diversity indicators were correlated with species 
indicators as for Switzerland, where the number of habi-
tat types (C2a) could be taken as a surrogate for the  
species richness (except in the case of earthworms). Based 
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Figure 3.5: Example of Spearman correlations of BioBio indicators in the Austrian arable case study. The relationship between 
indicators is shown graphically below the diagonal. Positive (red) and negative (blue) correlation coefficients with significance (stars) 
are given above the diagonal. Font size is proportional to coefficient value.
A4_1      	 Number and amount of different varietes (cultivar diversity)
B2_1.1  	 Vascular plants (gamma diversity)
B4_1.1  	 Earthworms (gamma diversity)
B8_1.1 	 Spiders (gamma diversity)
B9_1.1     	 Wild bees and bumblebees (gamma diversity)
C2a	 Habitat richness
C3	 Habitat diversity
C4a	 Crop richness
C7.1a      	 Tree habitats
C8a       	 Percentage of farmland with shrubs
C13a	 Length of linear elements
C16        	 Average size of habitat patches
C19a     	 Percentage of semi-natural habitats
D2.2    	 Average stocking rate
D3        	 Area with use of mineral N-fertiliser
D4.0	 Total nitrogen input 
D5.1	 Total direct and indirect energy input
D8        	 Insensification/Extensification
D9	 Pesticide use
D11.1	 Field operations
D12.1	 Grazing intensity
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such as total direct and indirect energy input and expendi-
tures on fertiliser, crop protection and concentrate feed 
stuff. Biodiversity assessment in this type of farming sys-
tem could therefore be approached with a relatively short 
list of indicators, including habitat diversity of farms, total 
nitrogen input, and number of field operations.

3.9 Interpretation of analysis and 
consequences for monitoring

Although correlations between farm management indica-
tors and actual biodiversity indicators were observed in 
some case study regions, no general pattern emerged. The 
same applies to correlations within habitat, species and 
genetic diversity indicators, which were observed in some 
case study regions, but which were not consistent for types 
of farming, let alone for the whole range of case study re-
gions. This shows that the remaining indicator set cannot 
be further reduced without losing information. Even in 
comparable farm types, biodiversity patterns and relation-

3.8.5 Vineyard case study – Italy
In the vineyard case study, habitat indicators of farms rep-
resented by habitat indicators such as tree cover, propor-
tion of farmland with shrubs, length of linear elements per 
hectare, average patch size, and the share of semi-natural 
habitats were significantly and positively correlated with 
each other, with the result that the most appropriate indi-
cator could be assessed as a surrogate for the others. By 
contrast, management and species indicators were only 
marginally correlated with each other or with other indica-
tors, except for plant species richness, for which habitat 
richness or diversity could be proposed as a proxy.

3.8.6 Olive plantation case study – Spain
In the olive plantation case study, most of the indicators 
correlated with each other within groups – i.e. species, 
habitats and management – as well as between groups. In 
fact, species indicators were highly and positively corre-
lated with habitat diversity indicators such as habitat rich-
ness or diversity, as well as with management indicators 

Figure 3.6: Example of Spearman correlations of BioBio indicators in Switzerland’s grassland case study. The relationship between 
indicators is shown graphically below the diagonal. Positive (red) and negative (blue) correlation coefficients with significance (stars) 
are given above the diagonal. Font size is proportional to coefficient value. See Figure 3.5’s legend for abbreviations.

GRA Switzerland

A4_1

60

0.49* 0.51*

15 50

0.37 0.53*

5 20

0.64** 0.74***

2 6

0.49* 0.70***

0.00

0.37 0 . 1 0

3000

-0.37 0.71***

1.0

0 . 1 5 - 0 . 1 7

100

0 . 0 3 - 0 . 0 3

200

- 0 . 0 2 -0 .25

10

- 0 . 1 8

1
4

0 .26

60

B2_1.1 0.53* 0.75*** 0.83*** 0.76*** 0.55* 0.44

.
0.32 0.54* 0.25 -0.47* 0.37 - 0 . 1 8 -0 .31 -0.45

.
- 0 . 1 5 - 0 . 0 6 -0 .22 -0 .25 0 . 1 1

** . . . * * * 12

GRA Switzerland

B4_1.1 0.26 0.69** 0.42 0.37 0.45 0.33 0.43 0 . 1 9 - 0 . 0 2 0.49* -0.24 -0.36 -0.50*
-0.30 0 . 0 1 -0.49*

- 0 . 0 5

7
1

0 . 1 0

15
50

B8_1.1 0.60** 0.77*** 0.36 0.57* 0.47* 0.65** 0.33 -0 .32 0.45

.
- 0 . 1 6 - 0 . 0 6 -0.46* - 0 . 1 8 -0.24 0 . 0 2 - 0 . 0 2 -0.21

B9_1.1 0.75*** 0.64** 0.54* 0.45

.
0.56* 0.36 -0.36 0.51* -0.40

.
-0.32 -0.49* -0.41

.
- 0 . 1 5 -0.45

.
-0.20

5

0 . 1 3

5
20

C2a 0.73*** 0.65** 0.56* 0.58** 0.49* -0.48* 0.54* - 0 . 1 4 0 . 0 3 -0 .25 - 0 . 1 7 -0.26 - 0 . 0 1 - 0 . 0 6 - 0 . 0 9

C3 0.49* 0.51* 0.32 0 . 1 3 -0.51* 0.46* - 0 . 0 3 - 0 . 0 4 - 0 . 1 0 - 0 . 1 2 -0.22 -0 .20 -0.47*

0.
50.35

2
6

C4a 0.35 0.54* 0 . 1 1 - 0 . 1 7 0.32 - 0 . 0 4 -0 .28 - 0 . 1 6 - 0 . 0 5 - 0 . 1 8 -0 .32 0 . 0 3 - 0 . 0 9

C7.1a 0.65** 0.47* -0.37 0.95***
- 0 . 0 2 0 . 0 4 -0 .20 - 0 . 1 7 0 . 0 5 - 0 . 0 4 - 0 . 1 7

0.
0

- 0 . 1 1

.0
0 C8a 0.55* -0.29 0.63**

- 0 . 1 4 - 0 . 1 9 -0.50*
- 0 . 1 0 0 . 1 0 - 0 . 1 1 -0 .24 -0.39

0.

C13a -0.25 0.55* -0.34 0 . 1 8 -0 .32 -0.28 - 0 . 0 3 0 . 1 2 0 . 0 7

50
0-0.58**

30
00 C16 -0.38 -0.21 - 0 . 1 1 - 0 . 1 8 -0.29 - 0 . 0 6 -0 .26 0.27 - 0 . 0 1

C19a - 0 . 0 9 - 0 . 0 4 -0 .30 -0.22 0 . 0 6 - 0 . 1 3 - 0 . 1 2

0.
0

- 0 . 1 7

0 D2.2 0.28 0.70*** 0.81*** 0.58**
0.30 0 . 1 8 0 . 0 3

1.

D3 0.38 0 . 1 5 - 0 . 1 5 0.84*** 0.33

0.
0

- 0 . 1 9

10
0 D4.0 0.62**

0.27 0.38 0.32 0 . 1 2

D5.1 0.68**
0.38 0 . 1 5

50
0-0 .24

00 D8 - 0 . 0 6 0 . 1 1 -0.32

20

D9 0.32

0.
0

-0.32

10

D11.1 -0.33

1 4 7 12 5 0 5 0 0 500 0 0 0 0 500 0 0 0 2

0.
2D12.1

1 4 7 12 5 0.5 0.0 500 0.0 0.0 500 0.0 0.2



34 ART-Schriftenreihe 17  |  September 201234

Methods for assessing biodiversity indicators at farm scale

ships between indicators are case specific. Consequently, 
all of the resulting biodiversity indicators should be moni-
tored at the European scale. Despite this, not all indicators 
are applicable for all farm types (see Chapter 4). An addi-
tional argument for not reducing the indicator set further 
– even for specific farm types where indicators did corre-
late – is that these observed correlations may disappear 
over time. This is because disturbances occurring in the ag-
ricultural landscape may support some indicators (e.g. spe-
cies) whilst adversely affecting others. Thus, each elimina-
tion of an indicator must be considered very carefully.
The resulting indicator set underwent a two-level stake-
holder audit to determine whether it met the criteria for-
mulated by the stakeholders at the outset of the project. 
Findings from individual case study regions were first dis-
cussed with local stakeholder groups. These groups then 
reported to the stakeholder advisory board, which then 
conducted an audit and overall assessment (see Chapter 2).
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Scientific testing and the subsequent stakeholder audit 
yielded a complementary set of indicators with minimum 
redundancies within the components of habitat-, species- 
and genetic diversity as well as management indicators. 
Whereas some indicators are relevant for all farm types, 
others apply only to specific farm types. The BioBio indi
cator set focuses primarily on indicators of the ‘state’ of 
biodiversity.

4.1 Indicators for farm types

Based on the experience from the case-study regions, the 
set of candidate indicators was narrowed down by elimi-
nating indicators which failed to meet scientific quality cri-
teria, or which correlated within the four indicator catego-
ries of habitat diversity, species diversity, crop and live-
stock diversity, and farm management. 

A second major criterion for selecting farm management 
and habitat indicators was their correlation with species 
diversity indicators. There are strong hypotheses as to the 
effect of e.g. management intensity or percentage of 
semi-natural habitats on the diversity of wild farmland 
species. These correlations were explored, and contributed 

to the selection of management and habitat indicators 
(Figure 4.1). 

The remaining indicators were then submitted to a stake-
holder audit in which their conformity with criteria such 
as practicability and communication were evaluated. This 
process resulted in the final BioBio indicator set (Table 
4.1).

The resultant indicator set consists of 23 indicators of 
which 16 are generic (i.e. applicable for all farm types) and 
7 are restricted to specific farm types (Table 4.2). Using 
crop-related indicators only makes sense on farms with a 
significant percentage of arable crops. Grassland- and 
farm-animal-related indicators can only be applied on spe-
cialist grazing or mixed crops/livestock farms. The ‘Tree 
Cover’ habitat indicator provides no useful information on 
farms dominated by fruit trees or vines, as these farms 
hardly differ from one other in this respect. By contrast, on 
farms where land use is predominately arable or grassland, 
tree habitats are usually rare and dispersed. There, a 
higher indicator value indicates greater potential habitat 
for species dependent upon permanent, woody struc-
tures.

4 The BioBio indicator system

Felix Herzog and Philippe Jeanneret
Agroscope  Research Station ART, Zurich, Switzerland

Table 4.1: BioBio indicator set. These indicators have passed scientific and practical testing as well  
as the stakeholder audit. 

Indicators for the Genetic Diversity of Livestock and Crops Species Diversity Indicators

Breeds Number and amount of different breeds Plants Vascular plants

CultDiv Number and amount of different varieties Bees Wild bees and bumblebees 

CropOrig Origin of crops Spiders Spiders

Earthworms Earthworms

Habitat Diversity Indicators Farm Management Indicators

HabRich Habitat richness EnerIn Total direct and indirect energy input

HabDiv Habitat diversity IntExt Intensification/Extensification Expenditures  
on fuel, pesticides, fertiliser and animal fodder

PatchS Average size of habitat patches MinFert Area with use of mineral N-fertiliser

LinHab Length of linear elements NitroIn Total nitrogen input 

CropRich Crop richness FieldOp Field operations

TreeHab Tree habitats PestUse Pesticide use

ShrubHab Percentage of farmland with shrubs AvStock Average stocking rate 

SemiNat Percentage of semi-natural habitats Graze Grazing intensity



36 ART-Schriftenreihe 17  |  September 201236

The BioBio Indicator system

2:1 - 2 volle Textspalten - Frutiger 16 pt

2:1 - volle Textspalte - Frutiger 16 pt

Habitat diversity
indicators

Indicators for the
genetic diversity
of livestock and

crops

Species diversity
indicators

Farm 
management

indicators

State indicators

Pressure/ response indicators

Table 4.2: The BioBio indicator set with generic indicators applicable for all farm types, and with indicators that are 
only relevant for specific farm types (sensu EC 1985). (See Table 4.1 for abbreviations).
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Figure 4.1: Correlations of indicators within the four main categories (red arrows) 
were tested and redundant indicators were discarded. Both habitat diversity and 
farm management were expected to influence species diversity (blue arrows), so 
indicators demonstrating this interaction were retained.
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4.2 BioBio indicator set and other 
biodiversity indicator systems

The following features distinguish the BioBio indicator set 
from other biodiversity indicator systems:

•	 BioBio indicators relate to the farm scale (rather than to 
landscape scale or administrative units);

•	 BioBio indicators are limited to farmland (forest and 
wetland areas are not included);

•	 BioBio indicators focus on the state of biodiversity  
(response and pressure indicators were only retained if 
a link to species diversity was detected).

The paragraphs below discuss the similarities and differ-
ences between the BioBio indicator set and the two major 
European biodiversity indicator systems. 

4.2.1 SEBI – Streamlining European Biodiversity 
Indicators
SEBI consists of 26 indicators which also relate to habitat-, 
species- and genetic diversity, as well as pressure and re-
sponse indicators (EEA 2007). It focuses on the evaluation 
of biodiversity targets set by the Convention on Biological 
Diversity. The SEBI system is broader in scope, and is not 
limited to agricultural areas. 

•	 Habitat diversity indicators: SEBI proposes five habitat 
indicators which are to some extent specific to agricul-
ture. SEBI 5 (Habitats of European interest) and SEBI 8 
(Sites designated under the EU Habitats and Birds Direc-
tives) relate to habitats listed in the Annexes of the 
‘Habitats’ and ‘Birds’ Directives (92/43/EEC and 79/409/
EEC, respectively), and thus also cover non-agricultural 
habitats. The indicator ValueHab – Percentage of valu-
able habitats on a farm – was tested in BioBio but not re-
tained, since it hardly differentiated between the farms 
in the 12 case study areas – i.e. either there were hardly 
any ‘Annexe I’ habitats, or virtually the entire farm was 
considered ‘Annexe I’, as with the dehesa farms in Spain. 
SEBI 7 (Nationally designated protected areas) was 
tested but discarded, as it showed correlations with spe-
cies diversity in only two case-study regions. SEBI 20 
(Agriculture: area under management practices poten-
tially supporting biodiversity) was also tested but dis-
carded owing to similar considerations. As defined by 
SEBI, this category contains (i) High Nature Value farm-
land areas (based on the indicator IRENA 26), (ii) Area 
under organic farms (IRENA 7), and (iii) Area under bio-
diversity-supportive agri-environmental schemes 
(IRENA 1). Criterion (i) was not tested in BioBio because 
it tends to relate to the regional level and does not al-
low for differentiation within and between farms. 
Moreover, there is no universally accepted definition of 
HNV, or at least one which would be applicable at the 
on-site habitat level. Criteria (ii) and (iii) were tested, 

but a lack of consistent correlations with species diver-
sity led to these indicators being discarded. SEBI 13 
(Fragmentation of natural and semi-natural areas) is 
based on the “average size of patches of natural and 
semi-natural areas”, and is derived from CORINE Land 
Cover. In BioBio, the indicator PatchSize – Average size 
of habitat patches on the farm also addresses patch size, 
but of the entire farm. A sub-indicator for semi-natural 
habitats can be calculated, but would tell us nothing 
about the fragmentation of semi-natural habitats ow-
ing to the dispersed nature of many farms. Several ad-
ditional habitat diversity indicators are proposed by Bio-
Bio because they relate to farmland species diversity.

•	 Species diversity indicators: SEBI lists three species indi-
cators which are relevant for agriculture. SEBI 1 (Abun-
dance and distribution of selected species: (a) common 
birds and (b) butterflies) covers species groups other 
than the selected BioBio species indicators. For birds, an 
index for farmland birds is calculated. The indices are 
based on national monitoring programmes, many of 
which are limited to selected bird species. The BioBio 
species indicators are based on the full species lists for 
plants, bees, spiders and earthworms. SEBI 2 (Red List 
Index for European species) and SEBI 3 (Species of Euro-
pean interest) address the status of endangered species 
(IUCN Red List, birds only) and of European Habitats Di-
rective (92/43/EEC) species, respectively. The percentage 
of Red List species is also proposed by BioBio as a sub-
indicator of Plants, Bees, Spiders and Earthworms, 
based on national Red Lists. 

•	 Genetic diversity indicators: SEBI 6 (Livestock genetic di-
versity) takes a different approach to that of the BioBio 
indicator Breeds – number and amount of different 
breeds per species. Whereas SEBI 6 aims to record the 
proportion of native breeds in relation to introduced 
breeds, the BioBio indicator Breeds evaluates the overall 
diversity of livestock breeds. A sub-indicator, Rare 
breeds, is also proposed, however. BioBio has also devel-
oped two further indicators (Varieties, CropOrigin) ad-
dressing the genetic diversity of crops.

In addition, SEBI lists several pressure indicators which ei-
ther evaluate nitrogen in particular (SEBI 9 and 19) or nu-
trients in general (SEBI 15). Unlike the respective BioBio in-
dicators which are based on farm nutrient evaluations, 
these indicators are based on national / regional data.

4.2.2 IRENA operation – ‘Indicator Reporting on the 
Integration of Environmental Concerns into Agriculture 
Policy’
The IRENA operation captures the ‘big picture’ of environ-
mental issues relating to agriculture (IRENA 2005). Five to 
ten of its 35 main indicators have a more or less direct link 
to farmland biodiversity (see http://epp.eurostat.ec.eu-
ropa.eu/portal/page/portal/agri_environmental_indica-
tors/documents/ for indicator factsheets). As with the SEBI 

http://epp.eurostat.ec.europa.eu/portal/page/portal/agri_environmental_indicators/documents/
http://epp.eurostat.ec.europa.eu/portal/page/portal/agri_environmental_indicators/documents/
http://epp.eurostat.ec.europa.eu/portal/page/portal/agri_environmental_indicators/documents/
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indicators, they tend to address the (sub-)national, re-
gional or continental scale rather than the farm scale. Bio-
Bio specifically tested and retained IRENA 15 (Intensifica-
tion/extensification: BioBio indicator IntExt) as part of the 
final indicator set, in spite of some reservations by stake-
holders owing to the fact that it is based on monetary val-
ues. IRENA 25 (Genetic diversity) consists of three sub-indi-
cators addressing the diversity of livestock and crop varie-
ties. In this, they are similar to the BioBio indicators Breeds 
and Varieties, although the IRENA indicators are defined/
measured at national rather than at farm level. IRENA 9 
(Consumption of pesticides) is based on the quantity of 
pesticides sold (kg per country) and applied (kg per ha). 
BioBio proposes PestUse (Pesticide use), which consists of 
the number of pesticide applications, with sub-indicators 
for categories such as herbicides and fungicides. This infor-
mation is easily obtainable from the farmer, and has been 
shown to correlate with species diversity. The BioBio indi-
cators MinFer (Area with use of mineral N-fertiliser) and 
NitroIn (Total nitrogen input) have similar objectives to 
IRENA 8 (Mineral fertiliser consumption) and IRENA 18 
(Gross nitrogen balance), but IRENA indicators are based 
on national statistical data rather than being calculated at 
the farm scale. The same applies to IRENA 11 (Energy use), 
with the analogous BioBio indicator EnerIn (Total direct 
and indirect energy input) being measured at farm scale. 
Despite some methodological difficulties in indicator 
measurement, EnerIn constitutes a universally applicable 
measure of farming intensity and has shown some correla-
tion with species diversity indicators, and was therefore re-
tained. 

In addition to the IRENA pressure and driving-force indica-
tors, which primarily address issues of nutrients, pesti-

cides, water and land-use, BioBio proposes the following 
indicators:

•	 FieldOp (Field operations), which measures the average 
number of field operations; 

•	 Graze (Grazing intensity), which measures the number 
of livestock units per hectare of grazing area;

•	 AvStock (Average stocking rate per ha forage area).

IRENA 28 (Population trends of farmland birds) is the only 
IRENA species diversity indicator, whilst four different spe-
cies groups (plants, bees, spiders, earthworms) are pro-
posed in BioBio.

4.3 Operational aspects

In addition to scientific considerations, entirely practical 
aspects must also be borne in mind when implementing 
the indicator system on a farm. Essentially, the four cate-
gories of the BioBio indicator set are measured using three 
mutually complementary approaches (Figure 4.2):

•	 Habitat diversity indicators are obtained via habitat 
mapping at farm scale;

•	 Species diversity indicators are obtained by specific 
field-recording methods;

•	 Crop- and livestock genetic diversity indicators and farm 
management indicators are obtained through inter-
views with farmers.

German Case Study:  Mixed Farming System

Located in southern Germany, the Tertiary Hills of Lower 
Bavaria form part of  the Alpine Foothills. This region 
is typical of intensively managed areas, with mixed far-
ming systems (arable land, grassland and forests) and an 

increasing number of organic farms. Milk is the main pro-
duct of all of the surveyed dairy farms, but all sell grain 
too.

Number of farms surveyed:  8 organic, 8 non-organic
Average farm size:  61 ha
Average N-Input:  215 kg/ha
Average energy input:  456 kg fuel equivalents
Total number of habitat types:  14 
Total number of plant species:  211
Total number of bee species:  34
Total number of spider species:  110
Total number of earthworm species:  11
Total number of crop species:  29
Total number of crop varieties:  140
Total number of livestock species:  1
Total number of breeds:  2
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The indicator campaign starts with the selection of the 
farms. Depending on the purpose of the campaign, selec-
tion criteria must be carefully applied in order to ensure 
that the sample is representative. The farmer is then con-
tacted and an initial general interview is conducted, dur-
ing which the farmer’s consent, other necessary informa-
tion, and a map of the farm should be obtained. 

The map defines the area whose habitats are to be 
mapped. The selection of plots for species sampling is 
based on the habitat map, with one plot per habitat type 
being selected at random. This means that species sam-
pling can only begin once habitat mapping is complete. In 
BioBio, data recording in its entirety took place within a 
year, but spreading the data recording over two years is 
also an option. Whilst vegetation can be recorded shortly 
after habitat mapping and selection of plots is available, 
arthropod sampling must be conducted three times – in 

Figure 4.2: BioBio indicator measurement starts with contacting the farmer, who provides a map of farm 
boundaries. These boundaries delimit the extent of the habitat mapping. One specimen of each habitat 
type is then randomly selected for species recording. According to weather conditions spider and bee 
sampling can be combined. Farm interviews and habitat mapping yield indicators at farm scale. Species  
are recorded at plot level and then scaled up to farm level. The survey concludes with a detailed farm 
interview on the genetic diversity of crops and livestock, and on farm management.

the spring, summer, and late summer – in order to cover 
the entire season and record both early species and those 
emerging later. Depending on the region, the first sam-
pling round should possibly be done at about the same 
time as the habitat mapping, although this would lead to 
constraints in terms of the availability of labour and how 
quickly the field campaign could be conducted. Spreading 
the recording over two years would resolve this conflict. 
On arable farms, however, and owing to crop-rotation dy-
namics, the habitat map will change – at least in part – 
from one year to another, and would require updating. 

The field campaign is concluded by a farmer interview, 
during which the parameters are recorded which are 
needed to compute indicators for genetic diversity and for 
farm management. See Dennis et al. (2012) for practical 
advice on implementing a field campaign.
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Hungarian Case Study: Semi-Natural Low-Input Grassland

The case-study area is situated in Central Hungary bet-
ween the Danube and Tisza rivers. The region forms part 
of the Homokhatsag High Nature Value Area, its lands-
cape being a result of natural phenomena and human 
activity. Regulation of the Tisza and Danube rivers in the 

19th century resulted in secondary alkaline pusza land-
scapes. The Homokhatsag is characterised by an abun-
dance of wildlife in connection with traditional ranching 
known as tanya farming. All of the farms surveyed can 
be classified as low-input farms.

Number of farms surveyed:  7 organic, 11 non-organic
Average farm size:  170 ha
Average N-Input:  50 kg/ha
Average energy input:  140 kg fuel equivalents
Total number of habitat types:  58
Total number of plant species:  384
Total number of bee species:  100
Total number of spider species:  163
Total number of earthworm species:  8
Total number of crop species:  15
Total number of crop varieties:  34
Total number of livestock species:  2
Total number of breeds:  8

http://www.biobio-indicator.org/deliverables.php
http://www.eea.europa.eu/publications/technical_report_2007_11
http://www.eea.europa.eu/publications/technical_report_2007_11
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1985D0377:20030523:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1985D0377:20030523:EN:PDF
http://www.eea.europa.eu/publications/eea_report_2005_6
http://www.eea.europa.eu/publications/eea_report_2005_6
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Habitats are an important component of biodiversity in 
their own right, as well as providing possible indicators of 
biodiversity at the species level. Monitoring habitat diver-
sity at the farm scale starts with habitat mapping. The 
farm habitat map forms the basis for generating habitat 
indicators, and is also required for selecting plots for spe-
cies recording. At the farm scale, habitat indicators pro-
vide information about the composition of on-farm habi-
tats, such as their richness, diversity and percentage 
cover. We have identified eight habitat indicators which 
as a set reflect the composition of the farm, and to some 
extent its potential for hosting wild species.  

5.1 What is a farm habitat?

A habitat is an area with relatively homogeneous environ-
mental conditions, occupied by plants and animals that are 
adapted to those conditions. On farmland, the term ‘habi-
tat’ is sometimes associated with ‘semi-natural habitats’ or 
elements of ‘ecological infrastructure’. Wild species also 
occur in fields of crops, however, and some wild species 
such as ruderal plant species or seed-feeding birds are 
even specifically adapted to these environmental condi-
tions. Farm habitat indicators should therefore also relate 
to arable- crop fields, sown and permanent grasslands, in-
tensively managed vineyards and orchards, etc. At the 
other end of the spectrum, they must also account for less 
intensively managed parts of the farm such as marginal 
grasslands, hedgerows, or grazed forest (Figure 5.1). The 
BioBio method for measuring biodiversity indicators there-
fore starts by establishing a habitat map of the entire 
farm, i.e. the utilised agricultural area (UAA) that is man-
aged by a specific farmer. The farm is defined as the  
legal / economic unit owned or rented by the farmer. Spa-
tially, farm fields are not necessarily adjacent to each other 

Figure 5.1: Farm habitats range from intensively managed crop fields (a), to linear features such as hedgerows (b), 
to extensively managed marginal grasslands (c). Photos: (a) G. Lüscher, (b) G. Brändle, (c) S. Buholzer, all Agroscope

but can be quite far apart, depending on the historical 
evolution of farming in the region in question.
The boundaries between farmed and unfarmed land can 
sometimes fluctuate. They can be specifically defined in 
given regions to ensure the inclusion of all habitats poten-
tially affected by farm activities. In BioBio the extent of the 
farm relates to the UAA, and in addition to agricultural 
fields also comprises:

•	Hedgerows, lines of trees, shrubby, grassy and herba-
ceous strips, water margins, stone walls managed by the 
farmer;

• 	Grazed forest (even if not legally part of the UAA);

•	Small woods (<800 m2);

•	Aquatic habitat (<800 m2).

The following, however, were excluded:

•	 Farmhouses and gardens;

•	 Large ungrazed forests (>800 m2), even if managed by 
the farmer (since this represents a different economic 
activity);

•	 Shrubby habitats (>800 m2);

•	 Nature protection areas if no longer part of the UAA – 
even if managed by the farmer;

•	 Commonly grazed lands such as summer pastures or out-
fields (Switzerland, Norway), out-bye (northern England), 
and ffridd (Wales), that cannot be assigned to a specific 
farm. The fodder produced (and consumed) on this land, 
however, must be estimated and included in the calcula-
tion of a number of farm management indicators;

•	 Aquatic habitats (>800 m2).

a) b) c)

5 Habitat indicators
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5.2 Mapping the habitats

The habitat mapping method follows the EBONE (no date) 
approach, which has been adapted to farm-scale mapping. 
This method of habitat / land-use classification is based on 
a generic system of habitat definitions, the so-called ‘Gen-
eral Habitat Categories’ (see Dennis et al. (2012) for a de-
scription of the method). Each areal and linear habitat is 
delineated on a map, an aerial photograph, or a satellite 
picture (e.g. Google Maps or Google Earth). Areal ele-
ments should have a minimum size of 400 m2 to be mapped, 
while linear elements (from 0.5 to 5m wide) should have a 
minimum length of 30m. Areal elements are further char-
acterised by environmental qualifiers expressing moisture 
conditions and variations in acidity. Site conditions are de-
scribed according to a predefined code for geomorphol-
ogy, geology and soil. Visible effects of management rec-
ognisable in the field are also recorded.

The size of areal habitats and the length of linear habitats 
are required in order to calculate the habitat indicators. 
Areas and lengths can be most accurately and consistently 
measured if the farm maps are digitised using a geograph-
ical information system (GIS). Digitising guidelines are pro-

Figure 5.2: Habitat map for one of the farms in the arable case study in France, showing the 
observed linear and areal habitats. Areal habitats consist mainly of different crop types (see Table 
5.1 for crop typology). ‘Tested areas’ refers to habitats which were selected for species sampling.

posed in Dennis et al. (2012). The width of linear elements 
can be noted individually in order to calculate their area, 
or general estimates can be used. See Figure 5.2 for an ex-
ample of a resultant habitat map.

If no geographical information system (GIS) is available, 
the area and length of habitats can either be obtained 
from the farmer (provided he or she has this information) 
or estimated in the field. Since it is only the farm area that 
is mapped and many farms have widely dispersed, non-
contiguous fields, none of the BioBio indicators involves 
landscape-level spatial analysis. Indicators of e.g. connec-
tivity or fragmentation can therefore not be meaningfully 
calculated, and the use of GIS is not indispensable. 

Mapping habitats in the field requires botanical know
ledge, because the boundaries between habitat types  
are – amongst other criteria – also determined by domi-
nant plant-species cover. GIS knowledge is also useful for 
preparing maps for use in the field, and for digitising the 
mapped habitats and managing the resultant database. 
For routine mapping, the use of field computers will  
reduce time, effort and error rate.
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5.3 Habitat categories

BioBio proposes a system for classifying the farm habitats 
(Figure 5.3, see Jeanneret et al. 2012 for the detailed clas-
sification using the EBONE terminology). Common lands, 
forest and aquatic habitats not used for agricultural pur-
poses, and urban habitats are excluded.

At the first hierarchical level, the farm area is subdivided 
into (1) Intensively farmed land, including all crop fields 
and grasslands managed for the primary purpose of agri-
cultural production, and (2) Semi-natural habitats.

5.3.1 Intensively farmed land
Intensively farmed land (1) is then subdivided into (1.1) 
Crops and sown & productive permanent grassland and 
(1.2) Intensive agriculture involving trees. In the process of 
habitat mapping, Crops and grassland (1.1) were differen-
tiated into various habitats in order to allow for a strati-
fied (representative) sampling of species of the different 

Figure 5.3: Farm habitat types are classified into categories. The majority of the farmland of most farms 
consists of category-1 land – ‘Intensive agriculture’ – interspersed with ‘Semi-natural habitats’ (category 
2) consisting mainly of linear elements with or without trees or shrubs. In some European regions, farms 
are dominated by large areas of semi-natural grassland or agroforestry systems.
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habitat types. Grasslands consist of three major habitat 
types: grass-dominated, herb-dominated and mixed grass/
herbs. These are further subdivided according to environ-
mental qualifiers describing nutrient and moisture status, 
thus enabling classification of numerous grassland-habitat 
types. Productive, intensively managed permanent grass-
lands are included in this category (Figure 5.4). Crops were 
aggregated into four categories depending on how at-
tractive they were expected to be for pollinating insects, 
and whether they were annual or perennial crops  
(Table 5.1). Rotational (sown) grassland was considered a 
perennial crop (Fodder crops in Table 5.1). This typology 
was related to the bee species indicators investigated in 
BioBio. This typology may be re-considered and other  
criteria may be applied (e.g. agronomic criteria such as 
winter cereals / summer cereals, etc.). Ideally, crops should 
be considered as individual habitat types. On arable farms 
this will, however, considerably increase the number of 
habitats to be sampled for species.
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fication of semi-natural habitats across all case study re-
gions by establishing general rules (see Jeanneret et al. 
2012). The classification was cross-checked individually by 
case study leaders. 

Category (2.1), Semi-natural habitats without trees, relates 
to sparsely vegetated habitats, permanent grasslands, 
vegetated banks associated with stone walls and herba-
ceous linear elements. Category (2.2), Semi-natural habi-
tats with trees, consists of extensively managed vines and 
fruit orchards (e.g. traditional high-stem orchards, olive 
groves < 200 trees / ha), small woods (< 800 m2), larger for-
ests if grazed, and woody linear habitats (hedgerows, lines 
of trees or scrub). Category (2.3), Semi-natural aquatic 
habitats, refers to water plots < 800 m2 if they are used for 
agricultural purposes (e.g. aquaculture, seasonal ponds), 
as well as to water margins.

Table 5.1: Crop types used in BioBio. Other types can be defined, depending on the objectives of the survey and on 
the species groups to be observed on the plots.

Non-Entomophilic and/or Non-Bee-Attracting Annuals Entomophilic and/or Bee-At-
tracting Annuals Perennials

Winter crops Spring crops

Winter oats Spring oats Oilseed rape Fodder crops

Winter barley Spring barley Sunflower Alfalfa

Winter wheat Spring wheat Maize Asparagus

Rye Lettuce Soya

Triticale Peas Cucumber

Beans Beans Tomatoes

Potatoes

Strawberries

Category (1.2), Intensive agriculture with trees, involves in-
tensively managed vines and fruit orchards. In the BioBio 
case study sites this was the case for the vineyards in Italy, 
while the (extensively managed) olive groves in Spain and 
Tunisia were grouped with the semi-natural habitats.

5.3.2 Semi-natural habitats
Category (2), Semi-natural habitats, comprises all linear 
habitats and areal habitats managed as farmland where 
the species composition of the vegetation reflects less-in-
tensive farming practices. Hedgerows, grazed forest, lines 
of trees, etc. belong to this category, which also includes 
all habitats listed in Annex I of the European Habitats Di-
rective (EC 1992). Thus, for example, Spain’s dehesas have 
been assigned in their entirety to this category. Exten-
sively managed permanent grassland comes under this 
category if plant composition reflects the semi-natural 
character of the grassland. We strived for an overall classi-

1) 2) 3)

Figure 5.4: Depending on their level of intensity, permanent grasslands occur in both habitat categories,  
(1) Intensive agriculture and (2) Semi-natural habitats. Semi-natural permanent grasslands are mainly character-
ised by a vegetation composition reflecting less-intensive management. Because permanent grasslands  
(> 5 years) cannot always be differentiated in the field from more recently sown ones, the actual share of the 
former on the farms could not be measured reliably. These grasslands are examples of a gradient running  
from intensive in Germany (left) to intermediate intensity in Switzerland  (centre) to extensive in France (right).
Photos: (1) S. Wolfrum, TUM, (2) G. Lüscher, Agroscope, (3) J.P. Sarthou, INRA
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5.4 Habitat indicator set

Eighteen habitat indicators – most of them based on the 
habitat mapping – have been tested in the BioBio case 
studies. Of these, eight passed the test, as well as the Bio-
Bio Stakeholder Advisory Board audit (Figure 5.6, indica-
tors in boxes). Six indicators were not considered suffi-
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Assigning the label ‘semi-natural’ to a habitat is not a 
straightforward matter, involving as it does decisions at 
a minimum of two stages. This can be difficult if the 
shifts from one habitat type to another are gradual, as 
often occurs in an agricultural context in permanent 
grassland (see Figure 5.5). A first decision must be made 
in order to separate the different vegetation types and 
classify them into distinct habitats labelled A, B and C in 
Figure 5.5. The EBONE (no date) habitat mapping 
method consists of a tested European-scale habitat-
mapping methodology providing rules that help distin-
guish different habitat types. In a gradient-dominated 
landscape, however, deciding where exactly to separate 
the habitats from each other is still a long, drawn-out 
exercise. 

Once the habitats have been identified and indicated 
on a map, a second decision –  i.e. which of these habi-
tats should be labeled ‘semi-natural’ – must be made. 
This is a clear-cut matter for habitats A and C in the fig-

What is a semi-natural habitat?

Figure 5.5: Conceptual graph illustrating the difficulties when classifying habitats as semi-natural or not. Grassland is taken as an 
example but similar problems occur in other habitat types.

ciently developed for standard application, and were felt 
to merit further research and testing (indicators in bold 
without boxes in Figure 5.6). The remaining four indicators 
were discarded, either because they could not be meas-
ured reliably, or because they yielded information that  
was redundant when other habitat indicators were em-
ployed.

ure, but a somewhat arbitrary decision for habitat B. La-
beling a habitat ‘semi-natural’ is a ‘black-and-white’ de-
cision in a situation where there are numerous interme-
diate (‘grey’) habitats. The definitions adopted in BioBio 
are detailed by Jeanneret et al. (2012), and attempt to 
create a classification which is applicable across Europe. 
What is perceived as ‘semi-natural’, however – both in 
terms of agricultural practices and the species pool for a 
given region – may vary from country to country. De-
pending on the aim and geographical extent of a moni-
toring programme, these definitions should be revised 
and adapted to local requirements. In Switzerland, for 
example, whilst the ecological compensation areas ex-
tensively managed by farmers under the cross-compli-
ance regulation (e.g. unfertilised grassland with late cut) 
are not considered semi-natural in the European (BioBio) 
context, they are regarded locally as semi-natural areas. 
If possible, semi-natural habitats that meet local re-
quirements should be distinguished during habitat map-
ping. 
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Four of the recommended indicators are based on the 
composition and geometry of the farm habitats (Group (a) 
in Figure 5.6). Taken together, they enable an interpreta-
tion of the diversity and distribution of the different habi-
tats on the farm. The BioBio grassland case-study farms in 
Switzerland, for example, had a relatively high Habitat 
Richness (many different habitat types), but the indicator 
values for Habitat Diversity were low, suggesting that the 
majority of the area of the farms is covered by just a few 
dominant habitat types (see indicator factsheets for the 
indicator values). The relatively high values for Linear Hab-
itats indicate that the high Habitat Richness is mainly due 
to various linear elements. In the arable case study in Aus-
tria, Habitat Richness was low but Habitat Diversity was 
high, supporting the comparatively high Patch Size and 
low values for Linear Habitats. This indicates that in Aus-
tria the farms consist of relatively few habitats with more 

Figure 5.6: Habitat indicators tested in BioBio case studies. Indicators in boxes have been retained, indicators in 
bold with no box require further research, and the remaining indicators (non-bolded, no box) have been discarded. 

even quantities of each habitat type, in comparatively 
large fields, with just a few linear (semi-natural) elements.

Three indicators (Group (b) in Figure 5.6) relate to specific 
habitat types. Crop Richness is of interest mainly for arable 
farms, and is expected to correlate with species richness in 
crop fields. The Percentage of Farmland with Shrubs can 
indicate both a valuable habitat for species which depend 
on habitat structure (e.g. spiders), as well as the abandon-
ment of marginal farmland, and therefore must be inter-
preted in context. The share of farmland with Tree Habi-
tats is of interest on intensively managed arable and grass-
land farms, where (fruit) trees are often among the few 
habitats for farmland wildlife, e.g. birds. The Percentage 
of Semi-Natural Habitats (Group (c) in Figure 5.6) is a nor-
mative indicator revealing the overall potential of a farm 
for hosting wild species (see Chapter 6).

Italian Case Study: Vineyards

In a region where wine production plays an important 
economic role in both agriculture and the overall eco-
nomy, the vineyards of the Veneto in northeastern Italy 
have a long tradition of organic wine production. The 
Veneto is famous for its Prosecco sparkling wines, its 
high-quality table wines, and its aromatic high-quality 
wines (e.g. Amarone and Valpolicella from the Verona 

hills). The farms surveyed specialise in wine production, 
with grapes being the only, or the main, crop. The vine
yards sampled are mature, and hence in full production. 
The farms surveyed are also private businesses whose 
income derives mostly from farming activities. Some 
farms also run B&Bs and agro-tourism activities, but this 
accounts for only a limited part of their income. 

Number of farms surveyed:  9 organic, 9 non-organic
Average farm size:  27 ha
Average N-Input:  24 kg/ha
Average energy input:  1415 kg fuel equivalents
Total number of habitat types:  11 
Total number of plant species:  246
Total number of bee species:  64
Total number of spider species : 86
Total number of earthworm species:  16
Total number of crop species:  4
Total number of crop varieties:  55
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Table 5.2: BioBio habitat indicator set: recommended indicators, research indicators, and indicators which  
were discarded for failure to meet the selection criteria.  
*: low, **: medium, ***: high, n.a.: not applicable / not tested in BioBio.

Name Unit Data 
Source

Cost Scien-
tifi-
cally 
Sound

Prac-
tica-
ble

Attrac-
tive

Sub-Indicators Comments

Recommended Indicators

HabRich Habitat 
richness

N° of 
habitat 
types per 
hectare

Habitat 
mapping

** *** *** *** 1) Habitat richness of 
cultivated forage and 
food crops

2) Habitat richness of 
semi-natural habitats

Further division into 
sub-indicators is possible

HabDiv Habitat 
diversity

Shannon 
diversity

Habitat 
mapping

** *** *** *** 1) Habitat diversity of 
cultivated forage and 
food crops 

2) Habitat diversity of 
semi-natural habitats

3) Habitat diversity of 
areal habitats

4) Habitat diversity of 
linear habitats 

Further division into 
sub-indicators is possible

PatchS Average 
size of 
habitat 
patches 

ha Habitat 
mapping

** *** *** *** 1) Patch size of cultivated 
forage and food crops

2) Patch size of semi-nat-
ural habitats

Can also be calculated for 
further sub-categories

LinHab Length per 
hectare  
of linear 
elements

m / ha Habitat 
mapping

** *** *** *** 1) Length of grassy linear 
features

2) Length of woody linear 
features

3) Length of auqatic 
linear features

4) Length of wall linear 
elements

Can be individually 
calculated for mapped 
categories

CropR Crop 
richness

N° of 
crops per 
farm / 
per 
hectare

Interviews * *** *** *** Most relevant for arable 
systems

ShrubHab Percent-
age of 
farmland 
with 
shrubs

% of 
farmland

Habitat 
mapping

** *** *** *** Interpretation in context. 
Can be positive in 
intensively cultivated 
areas, but negative in 
areas of agricultural 
abandonment

TreeHab Tree cover % of 
farmland

Habitat 
mapping

** *** *** *** 1) Share of cultivated 
forage and food crops 
with trees (%)     

2) Share of semi-natural 
habitats with trees (%)     

3) Share of area with 
trees (%)

4) Share of lines with 
trees (%)

Further division into 
sub-indicators is possible

SemiNat Percent-
age of 
semi-natu-
ral 
habitats

% of 
farmland

Habitat 
mapping

** *** *** *** 1) ... without trees
2) ...  with trees
3) Semi-natural aquatic 

habitats

Includes all linear habi- 
tats and areal habitats 
classified as semi-natural. 
Can also be calculated  
for further sub-categories

Research Indicators

TreeDens Tree 
density

N° of 
trees per 
ha

Habitat 
mapping

** / * *** *** n.a. Can be used to differen
tiate between intensive 
and extensive orchards 
and olive plantations. 
Cannot be tested in 
BioBio, as only extensive 
plantations observed
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Weed Cover of 
non-crop 
plants on 
arable 
fields, at 
the plot 
level

Share of 
crop field 
covered 
by weeds

Vegeta-
tion relevé 
or habitat 
mapping

*** / 
**

* ** n.a. Could be derived from 
vegetation sample or 
noted during habitat 
mapping but would 
require several visits per 
season

ValueHab Percent-
age of 
valuable 
habitats 
on the 
farm

% of 
farmland

Habitat 
mapping

** ** * n.a. Annexe I habitats are 
easy to measure but 
hardly differentiate 
between farms. Addi-
tional quality criteria 
could be used, e.g. 
national priority habitats, 
target habitats, etc.

Multigrass Area 
covered by 
multi-
grass 
swards

% of 
farmland

Vegeta-
tion 
sample

*** * * n.a. European definition not 
meaningful, would 
require regional defini-
tions

Aggre
gation

Ratio of 
total farm 
size to 
minimum 
bounding 
polygon, 
i.e. the 
smallest 
polygon 
that en- 
closes all 
patches 
belonging 
to the farm

Habitat 
mapping

** ** *** n.a. Easy to compute from 
farm plot maps but more 
relevant for classifying 
farm types, rather than 
having direct  ecological 
significance

CropFlower Ratio of 
non-flow-
ering to 
flowering 
crops on 
the farm

% Habitat 
mapping

** ** *** n.a. For arable farming 
systems. Crop categories 
in habitat mapping 
defined as flowering / 
non flowering; test 
against arthropod data

Discarded Indicators

HabDensity Habitat 
density

N° of 
habitat 
patches 
per ha of 
farm

Habitat 
mapping

** *** *** * Consistent correlation 
with patch size (consist-
ent also for sub-indica-
tors), therefore redundant 
and not needed.

ArableArea Percent-
age area 
of arable 
land

% of 
farmland

Habitat 
mapping

** ** * n.a. Cannot be reliably 
measured. The difference 
between permanent and 
sown grassland is difficult 
to detect in the field 
(survey); farmers have 
difficulties in differentiat-
ing between the two 
categories (interview)

Grass 
Area 

Percent-
age area 
of 
permanent 
grassland

% of 
farmland

Habitat 
mapping

** ** * n.a. Cannot be reliably 
measured. The difference 
between permanent and 
sown grassland is difficult 
to detect in the field 
(survey); farmers have 
difficulties in differentiat-
ing between the two 
categories (interview)

Ellenberg Ellenberg 
values 
indicating 
environ-
mental 
conditions 
of farm 
grasslands

Ellenberg 
scores

Vegeta-
tion relevé

*** ** * n.a. For differerent character-
istics (soil moisture, pH, 
nutrient status, etc.)

Discarded because 
Ellenberg values are not 
systematically available 
across Europe
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Weed Cover of 
non-crop 
plants on 
arable 
fields, at 
the plot 
level

Share of 
crop field 
covered 
by weeds

Vegeta-
tion relevé 
or habitat 
mapping

*** / 
**

* ** n.a. Could be derived from 
vegetation sample or 
noted during habitat 
mapping but would 
require several visits per 
season

ValueHab Percent-
age of 
valuable 
habitats 
on the 
farm

% of 
farmland

Habitat 
mapping

** ** * n.a. Annexe I habitats are 
easy to measure but 
hardly differentiate 
between farms. Addi-
tional quality criteria 
could be used, e.g. 
national priority habitats, 
target habitats, etc.

Multigrass Area 
covered by 
multi-
grass 
swards

% of 
farmland

Vegeta-
tion 
sample

*** * * n.a. European definition not 
meaningful, would 
require regional defini-
tions

Aggre
gation

Ratio of 
total farm 
size to 
minimum 
bounding 
polygon, 
i.e. the 
smallest 
polygon 
that en- 
closes all 
patches 
belonging 
to the farm

Habitat 
mapping

** ** *** n.a. Easy to compute from 
farm plot maps but more 
relevant for classifying 
farm types, rather than 
having direct  ecological 
significance

CropFlower Ratio of 
non-flow-
ering to 
flowering 
crops on 
the farm

% Habitat 
mapping

** ** *** n.a. For arable farming 
systems. Crop categories 
in habitat mapping 
defined as flowering / 
non flowering; test 
against arthropod data

Discarded Indicators

HabDensity Habitat 
density

N° of 
habitat 
patches 
per ha of 
farm

Habitat 
mapping

** *** *** * Consistent correlation 
with patch size (consist-
ent also for sub-indica-
tors), therefore redundant 
and not needed.

ArableArea Percent-
age area 
of arable 
land

% of 
farmland

Habitat 
mapping

** ** * n.a. Cannot be reliably 
measured. The difference 
between permanent and 
sown grassland is difficult 
to detect in the field 
(survey); farmers have 
difficulties in differentiat-
ing between the two 
categories (interview)

Grass 
Area 

Percent-
age area 
of 
permanent 
grassland

% of 
farmland

Habitat 
mapping

** ** * n.a. Cannot be reliably 
measured. The difference 
between permanent and 
sown grassland is difficult 
to detect in the field 
(survey); farmers have 
difficulties in differentiat-
ing between the two 
categories (interview)

Ellenberg Ellenberg 
values 
indicating 
environ-
mental 
conditions 
of farm 
grasslands

Ellenberg 
scores

Vegeta-
tion relevé

*** ** * n.a. For differerent character-
istics (soil moisture, pH, 
nutrient status, etc.)

Discarded because 
Ellenberg values are not 
systematically available 
across Europe
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Table 6.1: Properties for the selection of species diversity indicators (adapted from Pearson & Carroll 1999).

Consideration Desirable characteristics

Familiarity with biology and 
ecology of taxonomic group

Biology and life history well understood

At higher taxonomic levels (order, family, etc.), occurrence over a broad geographical range and breadth of 
habitat types so that results will be broadly applicable

At lower taxonomic levels (species), specialisation of each population within a narrow habitat to detect habitat 
change

Evidence that the pattern observed in the indicator taxon is reflected in other taxa

Practical sampling and 
identification

Populations readily surveyed

Well known taxonomy and easy identification

Large random samples encompassing all species variation are possible

Predictable, rapid, sensitive, analysable and linear response to disturbance

High taxonomic and ecological diversity (many species in each location or system)

Potential economic importance of some populations (agricultural relevance)

In farmland monitoring, it is essential to collect informa-
tion on the minimal set of species groups in order to rep-
resent the biodiversity of different trophic levels and 
functional groups. Good species diversity indicators are 
sensitive to agricultural management. They may operate 
at different scales, e.g. at local, farm and landscape levels. 
Direct measures of species diversity are also essential for 
corroborating the effects of changes in indirect indicators 
and revealing lag times in responses that would not be 
determined from changes in indirect or habitat-based in-
dicators. 

6.1 Introduction

Species diversity is typically viewed as synonymous with 
biodiversity by the general public, who are often less 
aware of the genetic and habitat diversity components of 
biodiversity. Information on species is also essential in  
order to characterise actual changes in biodiversity. A  
basic indicator set of species is essential for increasing  
confidence in the impression of change given by monitor-
ing information derived from habitat surveys (which only 
indicate a potential for species diversity) or indirect  
evidence from farm-management surveys (which yield 
pressure indicators for species). For instance, habitat  
extent can be readily mapped, but the ecological status of 
habitats (quality) can only be assessed if there are compli-
mentary data on plant species and fauna. The speed of 
species’ response to changes in farm management prac-
tices or habitat diversity and extent is an essential prop-
erty of indicators, since there are time lags between  
observed changes in mapped habitats or management  
on the one hand, and the recruitment or loss of species  
or changes in their population sizes on the other.

Recommended species indicators are widely recognised as 
an effective means of assessing general environmental 
conditions. They can include emblematic species which en-
gage public interest, and may respond at a different rate 
to environmental or management changes than the more 
easily measured general (habitat) or indirect indicators 
(Büchs 2003, Billeter et al. 2008). In the BioBio project, the 
selection procedure described in Chapter 2.2 was further 
progressed with reference to the essential qualities of spe-
cies diversity indicators (Table 6.1).

6.1.1 Legal obligations related to biodiversity 
conservation at the species level 
International conventions, EU Natura 2000 legislation and 
national conservation designations for nature conserva-
tion all emphasise the need for species level information. 
Species listed in Annex II of the EC Habitats Directive typi-
cally suffer from a rapid rate of population decline, or 
rapid reductions in the occupancy of grid squares in their 
former geographic range. When considering target-driven 
payments to landowners (Gibbons et al. 2011), objective 
evidence of the status of species is essential in order to 
avoid agri-environmental schemes’ previous failure to con-
tribute to biodiversity targets for plant and animal species 
that are rare or of restricted range (Reidsma et al. 2006). 
The Strategic Goals of the Convention on Biodiversity  
Conservation, Nagoya 2010, included the wording “C. To 
improve the status of biodiversity by safeguarding eco
systems, species and genetic diversity”, and the resulting 
Aichi Targets for 2020 included “Target 7: Areas under  
agriculture … are managed sustainably, ensuring conser-
vation of biodiversity”.

6 Species diversity indicators

Philippe Jeanneret1, Gisela Lüscher1 and Peter Dennis2

1Agroscope Research Station ART, Zurich, Switzerland
2Institute of Biological, Environmental and Rural Sciences, Aberystwyth University, UK
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6.2 Process of reducing indicator numbers

With the countless taxa, the challenge is to select the ones 
to be used as indicators, assuming that they are – to some 
extent at least – representative of species diversity as a 
whole. The selection process (see Dennis et al., 2009) re-
duced the number of possible plant and animal taxa from 
36 to 11 (Figure 6.1). These were presented in December 
2009 to the Stakeholder Advisory Board at a workshop in 
Brussels. Since it was desirable to represent the local to 
landscape conditions and trophic levels of organisms, 
there were generally choices between pairings of earth-
worms vs. ants, spiders vs. beetles, butterflies vs. bees, and 
wasps and birds vs. small mammals. The subsequent selec-
tion process, based on the perceived interest and rele-
vance of each potential indicator to stakeholders, led to a 
further reduction in the list of candidate species indicators 
to 4 plus 1. The “plus one” represented birds. It was agreed 
that bird diversity was an established and widely recorded 
measure of species diversity (European Bird Census Coun-
cil, no date) and that it was not necessary to invest further 
research effort in this group. The species groups of plant 
diversity (field and semi-natural habitat combined), earth-
worms, wild bees and spiders were taken forward for field 
evaluation in the case study regions in 2010.

Figure 6.1: Rationale for selection of species indicators based on scale of spatial distribution, range of 
activity and trophic level (position in food chain). Selected indicator groups are printed in red.

6.3 Selected indicator species groups 

The emphasis on invertebrates in addition to vascular 
plants reflects the contribution of the former to overall 
species diversity, with arthropods alone accounting for 
about 65 % of the species number of all multicellular or-
ganisms (Hammond 1994) and probably even higher per-
centages in cultivated areas (Duelli & Obrist 1998, 2003). In 
addition to the fact that invertebrates are relatively easy 
to monitor, provide relevant information on general envi-
ronmental conditions (including emblematic species), and 
react quickly to environmental changes, substantial data-
sets on this group are available in a number of European 
countries (Dennis et al. 2009). 

6.3.1 Ecological functions represented by the species 
groups 
Flowering, vascular plants are the essential primary pro-
ducers in agricultural ecosystems. In addition to species 
richness, sub-indicators were calculated (function of the 
number of species times the relative ground cover of each 
species) in order to provide information on the plants co-
existing with agricultural management in fields or free-
range grazing areas and those present in remnant semi-
natural habitats in more intensive farmland. PlantLife In-

2:1 - 2 volle Textspalten - Frutiger 16 pt

2:1 - volle Textspalte - Frutiger 16 pt

Herbivores – Pollinators PredatorsDetritivores Primary production
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Plants (s.n. habitats)

Butterflies

Earthworms

Birds (S)

Small mammals

Bees & Wasps

Spiders

Ants

Local 
conditions

Landscape 
conditions
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Wild bees are a species rich taxonomic group and are es-
sential pollinators in natural ecosystems and for many ag-
ricultural and orchard crops. Widespread public concern is 
apparent for both the significant, recent decline in the do-
mestic honey bee and also for wild pollinators, such as the 
bumblebees (Figure 6.4) which are the subject to cam-
paigns by several food retail companies. Scientific research 
has demonstrated that the decline is complex, partly 
driven by parasitism and disease and partly by discontinui-
ties in the flowering succession and associated availability 
of nectar and pollen throughout the year. 

ternational (no date) points to the decline and loss of many 
former common field plants under intensive agriculture, 
and the dicotyledonous flowering plants in particular have 
a high public and policy profile (Figure 6.2). Many bird spe-
cies and pollinators have been excluded from farmland 
owing to the disruption of the flower succession and asso-
ciated declines in host plant leaves, pollen and nectar and 
seeds. 

Figure 6.2: The Pheasant eye, Adonis annua L. is now a rare 
plant of cultivated farmland (Source: Game and Wildlife 
Conservation Trust).

Earthworms are essential detritivore organisms of soils and 
their functions include aeration and increased fertility 
from the composting, recycling and redistributing dead 
plant material, directly affecting the productivity of farm 
soils. Soil fertility and structure (formation of stable aggre-
gates) benefits from high populations of earthworms, fa-
cilitating soil aeration and water infiltration (soil pore for-
mation through their burrowing activities). Different 
earthworm species contribute to three ecophysiological 
categories: (1) leaf litter/compost dwelling worms (epigeic, 
Figure 6.3), (2) topsoil or subsoil dwelling worms (en-
dogeics); and (3) worms that construct permanent deep 
stable burrows through which they visit the surface to ob-
tain plant material for food, such as leaves (anecic).

Figure 6.3: The widespread earthworm species Allolobophora 
chlorotica (Source: British Natural History Museum).

Spiders (Figure 6.5) represent a predatory group consisting 
of a large number of species, several of which play a role in 
regulating potential pest insect populations in cultivated 
crops. Several groups have long distance dispersal capabil-
ities by ballooning and passive airborne distribution and 

Figure 6.4: The bumblebee species Bombus monticola, re-
corded at upland, semi-natural summer pastures (Source: P. 
Dennis). 
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Despite the restriction to four candidate species indica-
tors, bird diversity was assumed as a fifth indicator follow-
ing the evaluation of further candidate species indicators 
(Figure 6.6). This was justified on the basis that bird moni-
toring is already well established and implemented across 
several European countries, in which the general popula-
tion trends of a list of common, including farmland bird 
species is used as an OECD National Environmental Quality 
of Life indicator. Data are collected using the Pan-Euro-
pean Common Bird Monitoring Scheme (European Bird 
Census Council no date). 

Birds are limited as an indicator for habitats below the 
scale of individual farms due to their size and mobility, 
hence could only realistically be used as an indicator for 
consolidated farms as the smallest unit for comparison un-
less surveys of breeding populations of territorial birds 
were compared at smaller spatial scales (i.e. at plot and 
field scale). Birds cannot be measured within the stratified 

the detection of large numbers of species may represent 
selection of habitats with favourable botanical composi-
tion, architecture of vegetation for web anchorage or 
abundant prey populations. Larger species can be more re-
stricted and larger population sizes and diversity of these 
species may reflect favourable habitat structure over 
longer periods than the smaller species will be able to indi-
cate.  

Figure 6.5: The money spider species Silometopus elegans 
(Linyphiidae), typically recorded in grasslands (Source: P. 
Dennis).

sampling design conceived for the other BioBio species in-
dicators based on the mapping of habitats.

6.3.2 Appropriate parameters of species for monitoring 
functions 
The principle of diversity places emphasis on the number 
of species, rather than on other parameters such as inci-
dence of rarity, species composition, or abundance of  
selected species. Species richness (the count of species  
recorded in a particular habitat or accumulated at the 
farm scale) or various measures of species diversity (weight-
ing species richness by the relative abundance of each spe-
cies) are appropriate agreed parameters for the assess-
ment of biodiversity. Section 3.7 describes the options 
available for representing the different groups of species 
indicators with particular parameters for long-term or 
geographic comparison (species by habitat type or at the 
farm scale):

•	 Gamma richness: Total number of species of the farm 
pooled over the sampled habitats;

•	 Alpha richness:	  Average number of species over the 
sampled habitats;

•	 Area weighted richness: Total number of species over 
the sampled habitats weighted by the area of the habi-
tat types to which each habitat belongs;

•	 Rarefied richness: Average number of species calculated 
for the smallest number of habitats found in a farm (rar-
efaction);

•	 Chao estimated richness: Estimated number of species 
on a farm based on the accumulated number of species 
found in habitats.

Once the species lists are available from field surveys, one 
or more of the five parameters can be calculated according 
to local requirements. As a rule, for most BioBio case study 
regions and for all four species groups, the gamma rich-
ness – i.e. the total number of species pooled over the sam-
pled habitats of a farm, was significantly correlated with 
the other four richness indices (Jeanneret et al. 2012). 
Hence, gamma richness is the main expression of species 
diversity for each species group related to habitat (this sec-
tion) and management indicators (section 8) in this guide-
book.

The correlations between species indicators on the one 
hand and habitat and farm management indicators on the 
other are of particular interest, because (i) the latter are 
usually easier to record, and could potentially serve as sur-
rogate indicators for species; and (ii) they allow us to test 
hypotheses about causal relationships between habitat 
quantity, habitat quality and farm management on species 
diversity. Some preliminary results are presented in the 
following two sections.

Figure 6.6: Lapwing Vanellus vanellus, typical of grazed, damp 
grasslands in the hills and lowlands (Source: P. Dennis).
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Dutch Case Study: Horticulture

6.4 Correlations among indicator species 
groups

When searching for indicators, an important question con-
cerns the degree to which one indicator or another is rep-
resentative of the whole set. In the case of species groups, 
surrogates may be identified that are indicative of the di-
versity of other groups. As primary producers, plants are 
expected to play this role by forming habitats with various 
ecological niches that in turn may provide suitable condi-
tions for faunistic groups. The consequence for monitoring 

programs is that two correlating indicators convey the 
same information, and only one of them need be meas-
ured. The correlations among the four species groups in 
the BioBio case studies were highly diverse, and followed 
no general pattern, ranging from a majority of the correla-
tions being highly significant (Austria, Switzerland, Olive 
groves in Spain) to there being just a few significant corre-
lations (France, Bulgaria, Germany), to the existence of 
one or no significant correlations (The Netherlands, Hun-
gary, Norway, Wales, Dehesa in Spain, Italy). One example 
of each case is illustrated in Figure 6.7. 

Figure 6.7: Spearman correlations of the gamma richness on farms of the four species indicator 
groups in (a) the grassland case study region in Switzerland, (b) the mixed farming region of 
Germany, and (c) the grassland case study region in Norway. The relationship between indicators  
is graphically shown below the diagonal. Correlation coefficients with significance (stars) are given 
above the diagonal. Font size is proportional to coefficient value.

Figure 6.7
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This case-study region is situated in the eastern part of 
the provinces of Gelderland and Noord Brabant. The 
landscape is characterised by intensively managed ara-
ble dairy and horticulture systems. Irrigation is routinely 

used on two-thirds of the farms in vegetable production. 
All farms surveyed are horticultural systems without 
greenhouse cultivation.

Number of farms surveyed:  11 organic, 3 non-organic
Average farm size:  18 ha
Average N-Input:  151 kg/ha
Average energy input:  1998 kg fuel equivalents
Total number of habitat types:  19 
Total number of plant species:  207
Total number of bee species:  22
Total number of spider species:  76
Total number of earthworm species:  16
Total number of crop species:  18
Total number of crop varieties:  58
Total number of livestock species:  2
Total number of breeds:  4
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on the BioBio farms across regions (Table 6.3). The conse-
quence was that more semi-natural habitats were sampled 
for species on farms as a result of the sampling rules, i.e. 
one habitat sampled per habitat type recorded for each 
farm. In all BioBio case studies, plant and spider species 
richness on farms increased with the number of habitat 

ences and to different farm types. Therefore, comparisons 
across case study regions are not very meaningful. Still, it is 
interesting to note that, on average across all case studies, 
50 – 160 different plant species per farm were recorded. 
For bees the range is between 3 and 34 species per farm 
(excluding the honey bee); for spiders it is 12 – 65 species 
per farm and for earthworms 2 – 10 species per farm.

6.5 Species diversity, number of habitat 
types on farms, and the contribution  
of semi-natural habitats

Table 6.2 summarizes the number of species per case study 
region and per farm. There are considerable differences 
between the total numbers of species recorded between 
case study regions, due to both bio-geographical differ-

Table 6.2: Average number of specimen and of species recorded per case study region and per farm.

 
ARA 
Aus-
tria

ARA 
France

HOR 
The 

Nether-
lands

GRA 
Bul-
garia

GRA 
Swit-
zer-
land

GRA 
Hun-
gary

GRA 
Nor-
way

GRA 
Wales

DEH 
Spain

MIX 
Ger-
many

VIN 
Italy

OLI 
Spain Total

Farms 16 16 14 16 19 18 12 20 10 16 18 20 195

Habitat 
types 15 36 19 51 19 58 23 45 31 14 11 14 n.a.

Habitat 
types per 
farm

7.7 9.8 7.4 8.3 5.7 8.2 9.8 10.7 11.1 7.9 4.1 3.7 7.9

Plants
Species 247 360 207 364 269 388 200 321 403 211 246 288 1 581a

Species 
per farm 50.4 101.2 49.6 78.0 84.5 90.9 88.0 84.0 164.1 70.1 60.4 71.9 82.8

Bees (Apis 
mellifera 
excluded)

Individu-
als 101 2 127 73 356 570 298 812 588 485 115 453 252 6 230

Species 49 153 22 91 64 101 23 13 51 34 64 44 382 a

Individu-
als per 
farm

6.3 132.9 5.2 22.3 30.0 16.6 67.7 29.4 48.5 7.2 25.2 12.6 403.8

Species 
per farm 5.2 33.6 2.6 11.4 14.0 10.4 10.6 5.7 12.2 5.1 9.4 6.6 10.6

Spiders

Individu-
als 1 470 4 879 500 770 2 200 1 816 3 175 9 214 2 921 4 272 466 1 446 33 129

Species 128 215 76 106 125 163 104 158 116 110 86 123 603 a

Individu-
als per 
farm

91.9 304.9 35.7 48.1 115.8 100.9 264.6 460.7 292.1 267.0 25.9 72.3 2 079.9

Species 
per farm 30.2 64.5 11.6 19.8 28.9 29.3 36.8 45.8 38.0 35.9 12.2 22.5 31.3

Earth-
worms

Individu-
als 1 164 7 962 671 293 2 321 474 928 4 226 2 337 2 664 219 924 24 183

Species 10 16 16 8 17 8 10 18 17 11 14 19 49

Individu-
als per 
farm

72.8 497.6 47.9 18.3 122.2 26.3 77.3 211.3 233.7 166.5 12.2 46.2 1 532

Species 
per farm 4.7 10.4 4.4 3.4 10.4 2.3 5.8 8.6 6.4 7.8 3.4 4.5 6.0

 a Checking for synonyms across case studies still ongoing (only complete for earthworms)

Across the BioBio farms, the decisive issue with respect to 
species richness at farm level (gamma diversity) was the 
overall number of habitat types, i.e., more habitat types 
accumulate more species (Figure 6.8). The results also 
showed that there are usually more semi-natural habitats 
than represented by cultivated forage and food crop fields 
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on the relative contribution of these features to overall 
species richness (gamma diversity) in a biodiversity moni-
toring programme. The relative contribution is summa-
rized in Figure 6.9 expressed as the percentage of species 
found exclusively in semi-natural habitats (definition in 
Chapter 5) or in cultivated forage and food crop fields, or 
shared over both in the BioBio case study regions. Semi-
natural habitats generally make a greater contribution to 
species richness than cultivated forage and food crop 
fields.

The significant influence of number of habitat types found 
on farms, combined with the generally greater contribu-
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types recorded, and this trend also held good for nearly all 
case studies of earthworms and bees. Even so, the variabil-
ity among farms within case studies was high.

On farmland, semi-natural habitats are recognised as play-
ing an important role in the conservation of species diver-
sity. On the BioBio farms, species diversity was investigated 
in semi-natural habitats, as well as in typical fields man-
aged for agricultural production. One of the important 
questions arising with respect to species diversity in farm-
land relates to the proportion of the species effectively oc-
curring in semi-natural habitats as opposed to intensive 
agricultural fields. The answer provides useful information 

Figure 6.8: Gamma richness of (a) plants (b) earthworms (c) spiders and (d) bees on farms (overall species 
richness) related to the number of habitat types in 12 BioBio case study regions. ARA = arable CS, HOR = 
horticulture CS, GRA = grassland CS, DEH = Dehesa CS, MIX = mixed farming CS, VIN = vineyard CS, and 
OLI = olive plantation CS.
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Table 6.3: Number of semi-natural habitats, cultivated forage and food crop fields, and share (percent area) of 
semi-natural habitats in the BioBio case studies. ARA = arable CS, HOR = horticulture CS, GRA = grassland CS,  
DEH = Dehesa CS, MIX = mixed farming CS, VIN = vineyard CS and OLI = olive plantation CS. See Chapter 5 for the 
definition of semi-natural habitats.

Case study Average no. of semi-natural habitats / 
cultivated forage & food crop fields found 

and sampled per farm

Average share (percent area)  
of semi-natural  

habitats per farm

ARA Austria 4.1 / 3.6 3.5

ARA France 6.6 / 3.2 7.5

HOR Netherlands 4.7 / 2.6 11.1

GRA Bulgaria 8.2 / 0.06 99.4

GRA Switzerland 3.4 / 2.3 4.7

GRA Hungary 3.7 / 4.5 19.5

GRA Norway 8 / 1.8 24.5

GRA Wales 9.7 / 0.9 48.6

DEH Spain 10.8 / 0.3 99.0

MIX Germany 2.5 / 5.4 3.0

VIN Italy 2.5 / 1.5 2.9

OLI Spain 3 / 0.6 95.0

Figure 6.9: Percentage of plant, earthworm, spider and bee species found exclusively in semi-natural habitats (green stack), in 
cultivated forage and food crop fields (yellow stack) or in both (grey stack), based on the average number of species across farms in 
each case study (CS). ARA = arable CS, HOR = horticultural CS, GRA = grassland CS, DEH = Dehesa CS, MIX = mixed farming CS, 
VIN = vineyard CS, and OLI = olive plantation CS.
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tion of semi-natural habitats to species richness illustrated 
above (Figure 6.9) demonstrated the importance of habi-
tat diversity – as opposed to habitat surface area – in sup-
porting biological diversity on farms. Earthworms, which 
appear to be less sensitive to this distinction, are perhaps 
the exception to the rule here. In absolute terms, semi-nat-
ural habitats make a greater contribution to species rich-
ness at the farm level than those habitats under direct ag-
ricultural management. For the most part, the species rich-
ness of farms did not correlate with the percentage of 
farmland classified as semi-natural habitats (Figure 6.10). 
This is because a small number of semi-natural habitat 
types may predominate on a farm, accounting for a large 
proportion of its area, without necessarily increasing spe-
cies richness at farm level. In terms of the percentage of 
farmland accounted for by semi-natural habitats, case 
studies can be divided into three groups: those with high 
percentages (> 80 %, e.g. olive plantations in Spain), those 

with low percentages (< 20 %, e.g. arable land in Austria), 
and those accounting for a wide range of shares (0 % < 
share < 100 %, e.g. grassland systems in Norway) (Figure 
6.10). Except for plants in olive plantations in Spain, farms 
with a high proportion of semi-natural habitats did not in 
general exhibit greater species richness. Most positive as-
sociations were observed in grassland systems accounting 
for a wide range of percentages, e.g. in Norway and Wales 
for plants and spiders. In case studies with a low propor-
tion of semi-natural habitats, significant positive associa-
tions were observed for earthworms in the vineyard sys-
tems of Italy and the mixed systems of Germany. In conclu-
sion, in order to increase the number of species on a farm, 
habitat diversity should be increased (i.e. more habitats of 
different types should be created), instead of increasing 
solely the area of existing (semi-natural) habitats but it 
should of course consider the minimum area requirements 
of habitats to sustain species.
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Figure 6.10: Gamma diversity of (a) plants (b) earthworms (c) spiders and (d) bees on farms (overall  
species richness) related to the share of semi-natural habitats (area per ha) in 12 BioBio case study regions. 
As with Figure 6.8, colours of points and lines refer to the case studies.
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6.5.1 Arable, mixed and horticultural case studies – 
Austria, France, Germany  and The Netherlands
In these farming systems, although the reaction of all 
four species indicators with respect to semi-natural 
habitats was not uniform, the response of particular 
species groups showed similarities across case studies. 
Indeed, whereas about 60 % of the plant species were 
found exclusively in semi-natural habitats, a large num-
ber of earthworm species were captured in both semi-
natural habitats and in those managed for agriculture 
(Figure 6.9). Over 65 % of the spider and bee species  
occurred exclusively in semi-natural habitats. Germany’s 
mixed farming system showed the highest impact of 
habitats directly managed for agriculture on species 
found there exclusively, owing to the high number of 
such habitat types in this region. Despite this, the num-
ber of species generally increased with the number of 
semi-natural habitat types. The arable case study in 
France showed the highest numbers of spider and bee 
species of any European case study. 

6.5.2 Grassland case studies – Bulgaria, Switzerland, 
Norway, Hungary and Wales
In grassland case studies, the role of semi-natural habitats 
differed since it was largely dependent upon the num-
ber of semi-natural habitat types. In Bulgaria, for exam-
ple, whilst 132 habitats investigated across farms were 
considered semi-natural, only one intensive agricultural 
field was reported. In Hungary and Switzerland – coun-
tries with fewer semi-natural habitats – the number of 

Figure 6.11. Correlations between farm scale CPS biodiversity 
scores (see Box) and biodiversity indicators in the Swiss case 
study. Habitat richness: Spearman’s rho 0.63,  p=0.0045; 
Plants: Pearson’s cor 0.54, p=0.0160, Earthworms: Pearson’s 
cor 0.33, p=0.1735; Spiders: Pearson’s cor 0.36, p=0.1334; 
Bees:. Pearson’s cor 0.39, p=0.1030.

species found exclusively in both semi-natural and in-
tensive agricultural habitats was similar. With high num-
bers of semi-natural habitat types in Wales and Norway, 
the percentage of species found exclusively in semi-nat-
ural habitats also increased. In Bulgaria, semi-natural 
habitats accounted for over 80 % of farmland. Conse-
quently, there was little variation in the number of spe-
cies, which was lower here than in some other areas 
(Figure 6.10).

In Switzerland, the farmers’ association “IP-SUISSE” 
strives to increase habitat and species diversity on the 
farms of their members (see Box). Positive trends be-
tween their biodiversity score and Habitat richness as 
well as the species indicators were observed on the Bio-
Bio farms (Figure 6.11). 

6.5.3 Case studies: Dehesa in Spain, Vineyard in Italy, and 
Olive plantation in Spain
With very high levels of semi-natural habitat types, the 
Dehesas and olive plantations in Spain also had a high 
level of species found exclusively in these habitats, in par-
ticular bees (Figure 6.9). The Dehesas were also excep-
tionally rich in plant species, with no repercussion on 
faunistic groups (Figure 6.8). In vineyards in Italy, both 
semi-natural and intensive agricultural habitats exhibited 
a similar number of exclusive species, and only the num-
ber of earthworm species increased with a higher num-
ber of semi-natural habitat types.
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Scoring with Biodiversity – A scientific evaluation of species diversity indicators at farm-scale

Judith Zellweger-Fischer, Lukas Pfiffner, Oliver Balmer & Simon Birrer 

For the project “Scoring with biodiversity – farmers enrich nature”, the Swiss Ornithological Institute and the Research 
Institute of Organic Agriculture FiBL have developed a Credit Point System (CPS) as an indicator system for biodiversity 
at farm-scale. Farmers can score points by applying 34 different biodiversity-favouring measures. The CPS point score 
serves as a proxy for the biodiversity efforts made on a given farm. 

The effectiveness and applicability of the CPS is currently evaluated on 133 farms in the 
Swiss lowlands. Plants, grasshoppers, butterflies and breeding birds have been assessed at 
each farm and are now compared with the farms’ point scores. Preliminary results indicate 
significant positive correlations between the CPS scores and richness/abundance of all ob-
served organism groups. It thus seems that the CPS score is an adequate and powerful farm 
scale biodiversity indicator for the Swiss lowlands (see figure 6.11 for the CPS scores of the 
Swiss BioBio farms). 

http://www.vogelwarte.ch/scoring-with-biodiversity-farmers-enrich-nature.html 
http://www.fibl.org/de/schweiz/forschung/pflanzenschutz-biodiversitaet/pb-projekte/

punktesystem.html.

The CPS has already been implemented by the farmers’ organisation IP-SUISSE, producing for a consumer label and 
adding a market-based approach. One fourth of the Swiss farmers are members of IP-SUISSE, the Swiss Organisation 
for Integrated Farming. They obtain a higher price for their products, which are (amongst others) marketed under the 
wildlife-friendly brand “TerraSuisse” – provided that they reach a minimum CPS biodiversity score. The Swiss organic 
farmers’ association BIO-SUISSE (10 % of the Swiss farmers) is currently implementing a very similar approach derived 
from the CPS, thus actively promoting species diversity on their members’ farms.

 
www.ip-suisse.ch 
http://www.migros.ch/generation-m/de/konsum/oekologische-faire-produkte-labels/terra-suisse.html). 
www.bio-suisse.ch/ 

Norwegian Case Study: Grassland with Sheep

The study area is located in Nord-Østerdal, in northern 
Hedmark County. One of the biggest sheep producers 
in Norway, it is also a leading region for organic agricul-

ture, with about 20 % by area of the sheep farms being 
organic. Most of the sheep grazing is on communal land 
in the mountains.

Number of farms surveyed:  6 organic, 6 non-organic
Average farm size:  15 ha
Average N-Input:  93 kg/ha
Average energy input:  345 kg fuel equivalents
Total number of habitat types:  23 
Total number of plant species:  200
Total number of bee species:  23
Total number of spider species:  104
Total number of earthworm species:  10
Total number of crop species:  6
Total number of crop varieties:  16
Total number of livestock species:  1
Total number of breeds:  5

http://www.vogelwarte.ch/scoring-with-biodiversity-farmers-enrich-nature.html
http://www.fibl.org/de/schweiz/forschung/pflanzenschutz-biodiversitaet/pb-projekte/punktesystem.html
http://www.fibl.org/de/schweiz/forschung/pflanzenschutz-biodiversitaet/pb-projekte/punktesystem.html
http://www.ip-suisse.ch
http://www.migros.ch/generation-m/de/konsum/oekologische-faire-produkte-labels/terra-suisse.html
http://www.bio-suisse.ch/
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Table 6.4: BioBio species indicator set: Recommended indicators, research indicators, and indicators discarded for not 
meeting the selection criteria. *: low, **: medium, ***: high, n.a.: not applicable / not tested in BioBio.

Name Unit Data 
Source

Cost Scientifically 
Sound

Practicable Attractive

Recommended indicators

Plants Vascular plants N° of species 
per farm

Field survey *** *** *** ***

Earthworms Earthworms N° of species 
per farm

Field survey *** *** *** ***

Spiders Spiders N° of species 
per farm

Field survey *** *** *** ***

Bees Wild bees and 
bumblebees

N° of species 
per farm

Field survey *** *** *** ***

Birds a Birds of farmland 
habitats

N° of species 
per farm 
– Specialist 
species

Field survey n.a. n.a. n.a. n.a.

Sub-indicators for all four indicator species groups:
1) Gamma diversity – species of cultivated forage, food crops and semi-natural habitats
2) Alpha diversity – species of cultivated forage, food crops and semi-natural habitats
3) Area weighted diversity – species of cultivated forage, food crops and semi-natural habitats
4) Rarefied richness – species of cultivated forage, food crops and semi-natural habitats
5) Chao estimated richness – species of cultivated forage, food crops and semi-natural habitats

1.1) Gamma diversity – species of cultivated forage and food crops
1.2) Gamma diversity – species of semi-natural habitats
2.2) Alpha diversity – species of semi-natural habitats 
2.1) Alpha diversity – species of cultivated forage and food crops
3.1) Area weighted diversity – species of cultivated forage and food crops 
3.2) Area weighted diversity – species of semi-natural habitats

Comments:
Gamma diversity: Total number of species aggregated over the habitats
Alpha diversity: Average number of species over the habitats
Area weighted diversity: Number of species over the habitats weighted by the area of the habitats
Rarefied richness: Average number of species over the smallest number of plots found in a farm
Chao estimated richness: Extrapolated number of species based on the accumulated number of species found in plots

Discarded 
indicators

Name Unit Data 
source

Comments

Butterflies Rhopalocera of 
farmland habitats

N° of species 
per farm

Field survey Much data available. Observations are weather dependent (as for 
bees). Indicators of grassland conditions.

Hymenoptera- 
Ants

Ants of farmland 
habitats

N° of species 
per farm

Field survey Lack of information. Require much laboratory work. Require further 
consideration due to functions (ecosystem engineering, biological 
properties of soils, pest control). 

Small mammals Small mammals of 
farmland habitats

N° of species 
per farm

Field survey Lack of data. Difficult to survey. Include pests.

Carabid beetles Carabids of farmland 
habitats

N° of species 
per farm

Field survey Biocontrol agent. Well investigated in agro-ecosystems. Require much 
laboratory work.

Diptera, 
Syrphidae, 
Hoverflies

Hoverflies of 
farmland habitats

N° of species 
per farm

Field survey Biocontrol agent. Require much laboratory work.

Bats Bats of farmland 
habitats

N° of species 
per farm

Field survey Lack of information. Difficult to survey.

  a Birds were not tested in BioBio, but should be part of a species indicator set for monitoring
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Genetic variability is the basis of life. Farmers and breed-
ers have developed a multitude of crop varieties and ani-
mal breeds to suit their needs, and to stabilise and in-
crease productivity. Based on huge genetic variation, this 
diversity can be characterised with molecular genetic 
methods. These methods are technologically demanding, 
expensive, and require further development for general 
application. Three simple, indirect indicators – based on 
crop-cultivar and livestock-breed information collected in 
farmer interviews – are therefore proposed to assess such 
genetic resources.

7.1 Genetic diversity

Genetic diversity, i.e. the heritable variation among indi-
viduals within one species, represents biodiversity at its 
most fundamental level. Differences in the sequences of 
nucleotides provide variation within DNA which drives all 
morphological and physiological differences among indi-
viduals that are based on genetic inheritance. Genetic di-
versity within and among populations is influenced by 
four principle factors that represent the basic mechanism 
of evolution (Table 7.1). Genetic variation, evolutionary 
processes and environmental factors account for the enor-
mous diversity of species which assemble as ecological 
communities, the living component of habitats and ecosys-
tems.

Table 7.1 Key factors influencing genetic diversity

Factor Description

Mutation Changes in genomic sequence caused by errors 
during recombination or DNA replication, 
radiation, transposons, mutagenic chemicals or 
viruses. Mutations are the basis for genetic 
variation and speciation.

Reproduction 
and gene flow

Exchange and recombination of genetic material 
among individuals through reproduction leading 
to novel genotypes. Within and among popula-
tions, allele frequencies are changed through 
gene flow, which enhances genetic variability 
and prevents inbreeding, thus increasing 
chances of survival.

Genetic drift Random changes in genotype frequencies 
between generations due to migration, availabil-
ity of reproductive partners, or geographic 
constraints.

Natural 
selection

Selection of favourable or elimination of 
detrimental alleles. Individuals whose genotype 
provides better adaptation to the environment 
will thrive and spread their genetic material. 
Mutations leading to reduced fitness will lead to 
extinction of the respective genotypes.

Continuous changes in genetic diversity within and among 
populations of wild and domesticated species are influ-
enced by various natural and anthropogenic factors.  
Genetic structure within populations is affected by natural 
factors such as breeding system (mating system), seed- 
dispersal mechanism, life form, geographic range, and  
taxonomy. Intensification of agricultural production  
represents one of the main anthropogenic threats to  
genetic diversity. Rapid increase of the world’s human 
population has led to ecological degradation and frag-
mentation of (semi-) natural habitats due to agricultural 
production. Intensification causes genetic erosion within 
natural populations, as well as affecting the genetic diver-
sity of primary food sources, i.e. crops and livestock.  
Assessing genetic diversity is crucial to understanding  
population structure and dynamics, as well as the effects 
of environmental and anthropogenic factors on genetic 
diversity now and in future. Such information is required 
for maintaining and exploiting genetic diversity as the  
primary food-production resource.

7.2 Genetic diversity in agriculture

The genetic diversity of crop varieties and livestock breeds 
plays a major role in agriculture, and is an essential part of 
agrobiodiversity, and hence of biodiversity as a whole. 
Agrobiodiversity is defined as “the variety and variability 
of animals, plants and micro-organisms that are used di-
rectly or indirectly for food and agriculture, forestry and 
fisheries, including crops and livestock” (FAO 1999a), and 
relies heavily on the interaction between the surrounding 
environment, plant and livestock genetic resources, and 
management systems and practices, which are highly vari-
able.

The domestication of crop and animal species has histori-
cally led to tremendous variation in breeds and cultivars. 
More recently, however, the number of plant varieties and 
animal breeds providing for the world’s food resources has 
fallen drastically (Schröder et al. 2007).

The growing world population demands increased agricul-
tural production and efficient, sustainable use of environ-
mental resources. People’s and organisations’ awareness 
of crop and livestock genetic resources has become more 
important, resulting e.g. in increased efforts to conserve 
germplasm. Genetic resources are conserved and pro-
tected either ex situ (plants) / in vitro (animals) in gene 
banks, or in situ / in vivo in their natural environment or on 
farms. For ex situ conservation, worldwide gene banks 
contain 7.4 Mio. plant accessions from 612 genera and 
3446 species. In situ or in vivo conservation basically refers 
to the direct protection of farmers’ varieties, landraces, or 
valuable wild relatives in natural and agricultural ecosys-

7 Indicators for crop and livestock genetic diversity 
Luisa Last1, Peter Dennis2 and Roland Kölliker1

1Agroscope Research Station ART, Zurich, Switzerland
2Institute of Biological, Environmental and Rural Sciences, Aberystwyth University, UK
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tems. With regard to livestock genetic resources, 7616 
breeds are recorded in global databases. The majority of 
these breeds constitute cattle, pig, sheep, goat and chicken 
species (FAO 2007).
Crop and livestock genetic-diversity resources are an im-
portant asset which must be sustainably used and actively 
conserved. Within the BioBio project, genetic diversity as-
sessments of arable, vegetable, tree and forage crops as 
well as of livestock breeds focused exclusively on in situ / in 
vivo genetic resources.

7.3 Crop and livestock genetic diversity

The FAO Commission on Genetic Resources for Food and 
Agriculture has recently highlighted concerns over the loss 
of recognised livestock breeds and the risk that the reduc-
tion in livestock genetic resources poses for future adapta-
tion of livestock production to environmental change. This 
is recognised in Aichi Target 13:  “By 2020, the genetic di-
versity of cultivated plants and farmed and domesticated 
animals and of wild relatives, including other socio-eco-
nomically as well as culturally valuable species, is main-
tained, and strategies have been developed and imple-

mented for minimizing genetic erosion and safeguarding 
their genetic diversity” (CBD Nagoya 2010). 

The genetic diversity of domesticated species and their 
wild relatives is crucial for world food security, for the sur-
vival of individuals and populations in their environment, 
and for the sustainable development of agriculture.  
Despite the massive number of 250,000 to 300,000 known 
edible plant species in the world, only 7000 have been  
cultivated and used – and of these 7000, only 150 crop  
species, e.g. Malus domestica (Figure 7.1) are in general  
use by humans. A mere 12 species contribute 80 per cent of 
the nutrition and calories for feeding the world’s human 
population (Schröder et al. 2007; FAO 1997). Although the 
number of high-yielding cultivars and breeds has increased 
over the last century, their gene pool remains small or lim-
ited due to standardisation, specialisation, intensification 
and the demands of the market. Estimates of worldwide 
plant genetic resources have shown a decline of about  
75 percent in crop genetic diversity over the past century 
(FAO 1997). In agrarian countries, the replacement of local 
farmers’ varieties and landraces with improved cultivars 
and breeds – despite the fact that the former still consti-

Figure 7.1. Selected Malus domestica cultivars recorded on farms participating in the BioBio project case studies: 
(a) Weisser Klarapfel (Switzerland); (b) Jonathan (Switzerland). Photos: Markus Zuber

Figure 7.2. Selected livestock breeds recorded on farms participating in the BioBio project case studies. (a) Sheep: Spael /
Old Norwegian Short Tail (Norway). (b) Cattle: Welsh Black (Wales, UK). Photos: Hanna Timmermann & Peter Dennis



6767ART-Schriftenreihe 17  |  September 2012 6767

Indicators for crop and livestock genetic diversity

tance is not validated by widespread studies in molecular 
biology, and probably does not hold true. These indicators 
are compared at whole-farm level, since e.g. grazing ani-
mals use the full extent of the land which is grazed or used 
for forage crops throughout the year. In the BioBio case 
studies, only cattle and sheep were significantly repre-
sented on the specialised and mixed livestock farms (Fig. 
7.3). 

Genetic diversity estimates can also be made on the basis 
of morphological, physiological or agronomic characteris-
tics used in the basic description of individuals, with re-
gard to relationships existing between single genotypes 
and their environment. The assessment of genetic diver-
sity in terms of e.g. agronomic traits is of great interest for 
plant and livestock breeders as well as for monitoring or 
management processes. Measuring genetically complex 
(i.e. quantitative) traits such as yield and stress tolerance 
can reveal genotypic differences among individuals or 
populations. Unlike with molecular analysis, such measure-
ments are not at the gene level, with measurements of ge-
netic variation based on phenotypic traits being highly in-
fluenced by the environment. 

Pedigree analysis provides yet another tool for analysing 
genetic diversity on a farm. The genetic relatedness of 
breeds and cultivars can be calculated according to the 
proportion of genes contributed by a specific number of 
ancestors to a cultivar – the coefficient of parentage. This 
approach requires detailed information on selection and 
breeding processes, as well as an adequate software tool. 
Such a tool represents a very basic approach, used in 
breeding programmes worldwide which address genetic 
diversity on a gene level but ignore the influence of envi-
ronment.

The use of molecular tools, e.g. molecular markers or gen-
otype sequencing, allows a much more detailed insight 
into the diversity of individuals or population structures by 
addressing genetic variation directly on a DNA-level and 
excluding environmental factors. These tools enable the 
measurement and evaluation of genetic diversity in both 
ex situ / in vitro and in situ / in vivo genetic resources. They 
allow for the investigation of the variability of genetic ma-
terial and the detailed analysis of potential breeding ma-
terial, as well as the investigation of the genetic structure 
of populations and the detection and preservation of valu-
able alleles, allele sequences, genotypes, individuals of 
wild relatives, and populations. The continued develop-
ment of molecular tools, e.g. genotyping methods as next-
generation sequencing, enables rapid, precise and effi-
cient investigation. 

7.5 Selection of genetic diversity indicators

The assessment of on-farm genetic diversity within the 
BioBio project is divided into two parts which deal respec-
tively with in-situ crop genetic diversity and livestock ge-
netic diversity at farm level. The major genetic diversity in-

7.4 Genetic diversity indicators

Recent decades have seen an increase in the recognition of 
the importance of genetic diversity given its fundamental 
contribution to biodiversity. Whereas genetic diversity and 
its assessment receive plenty of attention, however, gen-
eral tools for assessing genetic diversity in agricultural en-
vironments remain scarce and in need of further investiga-
tion, validation and development. Various options for 
measuring genetic diversity do indeed exist, but all have 
their advantages and disadvantages and must be chosen 
carefully according to the aim of a specific investigation.

Information on livestock breeds and cultivars used on each 
farm was tested as a surrogate for genetic diversity, i.e. in-
formation that can be collected as part of a farmer ques-
tionnaire on farm management. These tools are very sim-
ple, addressing neither diversity on the gene level nor en-
vironmental influence. Cross breeds were included, since 
genetic diversity is effectively introduced by an off-farm 
sire breed in the form of artificial insemination or loan of 
a single bull or ram. The main assumption that animal 
breeds or crop cultivars associated with equal genetic dis-

tute the major staple foods in developing countries – still 
continues at the expense of genetic variation. 

In the seven case-study regions with livestock husbandry, 
26 cattle and 30 sheep breeds were recorded (Figure 7.2). 
Rare and local breeds were represented in 6 case studies 
(Figure 7.3). The average number of breeds per farm was 
1–2, irrespective of production system, and was character-
istic of the specialisation of individual farms in particular 
enterprises, regardless of management system.

Figure 7.3. Number of FAO DAD-IS (Domestic Animal Diversity 
Information System) (DAD-IS online), -listed species of cattle 
and sheep represented in case-study regions.
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dicators are based on a questionnaire assessing data for 
arable, vegetable, tree and forage crops, as well as live-
stock data for breeds found on farms across all BioBio case-
study regions. Another single indicator is based on field 
and laboratory work assessing the genetic diversity of a 
model grass species within three selected BioBio grassland 
case studies via molecular analysis. 

Of the eight genetic indicators tested, three have been 
proposed as genetic diversity indicators (Table 7.2), while 

another two have been tested and validated within the 
BioBio project, but are classified as research indicators re-
quiring further development. Although basic data was 
successfully collected within the BioBio case studies, either 
data-analysis tools or common lists or registers enabling 
international assessment were lacking, or the overall ana
lysis was in need of improvement in terms of cost-effec-
tiveness and time efficiency. Another three indicators 
were discarded because the relevant data could Indefinite 
antecedent not be reliably collected via farm interviews.

Table 7.2

Name Unit Data 
source

Cost Scien-
tifically 
sound

Practi-
cable

Attrac-
tive

Sub- 
indicators

Comments

Recommended Indicators

Breeds Number and 
amount of 
different breeds 

Mean no. of 
breeds per 
farm

Farm 
interview

low * *** *** Rare breeds

CultDiv Number and 
amount of 
different 
varieties 
(cultivar 
diversity)

No. of 
varieties per 
species and 
farm

Farm 
interview

low * *** *** 1) Average 
number of 
varieties 
across all crop 
species per 
farm
2) Percentage 
of endangered 
crop varieties 
per species per 
farm

Additional informa-
tion and lists 
required

CropOrig Origin of crops Percentage of 
landraces 
(across all 
crop species 
and varieties) 
per farm

Farm 
interview

low * ** ** Percentage of 
landraces per 
farm

Very few landraces 
found

Research indicators

CroPedDiv Pedigree-based 
genetic diversity

Coefficient of 
parentage 
(index) per CS

Farm 
interview 
plus 
additional 
information

me-
dium

** * *** Coefficient of 
parentage per 
case study

Low pedigree-data 
availability (i.e. only 
for major crops on 
case-study level) is 
limiting 

GrassGen-
Div

Genetic 
diversity of 
model grassland 
species

Genetic 
diversity 
index, Gene 
diversity (He) 
per plot/farm

Laboratory 
analysis

high *** * *** Gene diversity Tested for one grass 
species in 3 CS, far 
from routine appli- 
cation

Discarded indicators

Seedmulti On-farm seed 
multiplication

* * ** Precise data cannot 
be gathered with 
questionnaire 

Crop-
CuPheDiv

Crop-cultivar 
phenotypic 
diversity

* * ** Data not available 
from questionnaire, 
field work required

ReSeed Amount of 
re-seeding

* * ** Precise data cannot 
be gathered with 
questionnaire
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Farm management affects farmland biodiversity. Eight 
management indicators relating to energy and nutrient 
input, pesticide applications and disturbance by mechani-
cal operations have been identified. They allow the as-
sessment of intensity of farm management and can be 
correlated with direct indicators of habitats and species.

8.1 Categories of farm management 
indicators 

BioBio farm management indicators are conceptualised as 
indirect indicators of biodiversity. They reflect the level of 
farming intensity, and hence the major impact (pressure) 
exerted on habitats in agricultural landscapes. By affect-
ing habitat structure, farming methods determine the 
conditions for species diversity, which is assessed by direct 
biodiversity indicators (state indicators), mainly on the 
managed area of the farms. Farming practices are there-
fore key for maintaining and restoring biodiversity.

BioBio farm management indicators represent different 
categories of pressure indicators. 

•	 Consumption of energy and external inputs:
Total direct and indirect energy input (EnerIn); Intensifi-
cation/Extensification (IntExt). 
Intensification of agricultural production is accompa-
nied by progressive mechanisation and increased exter-
nal inputs. Non-organic and organic farming systems 
differ in their use of external inputs, with organic farms 
striving to minimise them (Hülsbergen and Schmid 2010). 
The BioBio indicators quantify this dependency both in en-
ergy units (EnerIn) and in monetary terms (IntExt).

•	 Nutrient input and management: 
Area on which mineral N-fertiliser is used (MinFert)1; To-
tal nitrogen input (NitroIn). 
Nutrients are a limiting factor in plant production. They 
define the growth conditions for plant species, and 
hence the differentiation of habitats. Nitrogen is a key 
element facilitating biomass production. Whereas envi-
ronments that are limited in nitrogen generally favour 
plant species diversity, high nitrogen availability pro-
motes a rather limited number of highly competitive 
plants. In order to increase yields, farmers strive to raise 
the nutrient level of the soil, changing the trophic condi-
tions of the habitats for wild species. Through runoff 
and leaching, excess nutrients also impact adjacent eco-
systems (Flade et al. 2006).

1	 N.B.: Here the indicator is the area with use of mineral 
nitrogen fertiliser, whilst in BioBio deliverable  D2.2 ‘Hand-
book for recording key indicators’, the opposite – i.e. the area 
without use of mineral nitrogen fertiliser –  is described.

•	 Application of pesticides:
Pesticide use (PestUse) with sub-indicators Herbicide 
treatments, Insecticide treatments, Fungicide treat-
ments.
The application of pesticides has been identified as a 
constraining factor for species diversity on farmland 
(Geiger et al. 2010). Pesticides have direct effects on 
non-target organisms, as with herbicides that reduce 
the abundance of arable flowers, or insecticides and 
fungicides that have negative impacts on various inver-
tebrate species. Indirect effects are the disruption of 
food webs through the reduction of both plant and ani-
mal food sources (Hole et al. 2005).

•	 Field operations: 
Field operations (FieldOp) with the sub-indicators Mow-
ing frequency, Mowing time, Ploughing.
These indicators are measures of disturbance caused by 
mechanised operations on farmland. The sub-indicators 
address specific farming operations with proven effects 
on species diversity.

•	 Livestock system: 
Average stocking rate (AvStock) with sub-indicator Av-
erage stocking rate per ha forage area; Grazing inten-
sity. 
Livestock affects grassland composition via treading on 
the soil and grazing, and through the input of manure 
into farmland. In livestock systems, stocking density is a 
good indicator of land-use intensity (Dennis et al. 2009).

Generally speaking, the pressure on biodiversity rises with 
increasing farm management indicator values, which sig-
nify increased nutrient input to the farmland, progressive 
mechanisation of farm operations, more frequent pesti-
cide applications, or higher livestock densities on the farm. 
However, the Grime curve (Grime 1973) demonstrates that 
there is a response curve with maximum species richness at 
an optimal management value. Intermediate manage-
ment values are most often related to maximum biodiver-
sity. This is why HNV farming supports a richer diversity 
than abandoned farms in the same areas.

8.2 Data quality of farmer interviews 

The quality of data from farm interviews depends on the 
documentation and accessibility of the requested data in 
farm accounts and field data records. Key questions are:

•	 Does documentation exist for such data on the farms?

•	 Can the data be easily provided for the interviews? (e.g. 
data structure, document formats)

8 Management related indicators

Michaela Arndorfer1, Philippe Pointereau2, Jürgen K. Friedel1
1University of Natural Resources and Life Sciences, Division of Organic Farming, Vienna, Austria
2SOLAGRO – Initiatives and innovations for energy, agriculture and environment, Toulouse, France



72 ART-Schriftenreihe 17  |  September 201272

Management related indicators

8.3 Organisational aspects of interviews

In order to safeguard and improve the availability and reli-
ability of data, it is recommended that farmers be in-
formed about data requirements in advance. During initial 
contact with the farmers, when they are asked whether 
they are willing to participate in the project, a list of the 
data requirements for future interviews can be provided.
The duration and methodology of farm interviews depend 
on both the number of indicators to be recorded and the 
complexity of the farming system. The more diversified 
farm production is, the higher the effort required in the 
data collection process for farm-level indicators. The pres-
ence of animals requires an additional set of questions. 
Data collection for genetic diversity indicators (cultivated 
plants, livestock) was included in the farm interviews. 

General farm information can be requested via telephone 
or the mailing of questionnaires. For management infor-
mation, a face-to-face interview is more appropriate, both 
to improve the reliability of the data and to sustain the at-
tention of both interviewer and interviewee. In on-farm 
surveys, repeated direct contact between farmers and re-
searchers is indispensable for establishing confidence and 
facilitating feedback. Elements of farm-indicator data col-
lection can be part of this continuous exchange (e.g. re-
cording the specific management of plots throughout the 
year). Furthermore, it is advisable to budget additional 
time for cross-checking uncertain data with farmers over 
the course of data processing and indicator calculation 
(telephone contacts).

Several approaches might be considered to safeguard data 
quality – for instance, the inclusion of only those farms 
which have sufficiently documented the required data. 
This, however, may place severe limitations on the choice 
of farms and introduce unwanted biases. We suggest in-
stead to ask farmers to keep track of certain data for a pe-
riod of time at the outset of the survey. Furthermore, it is 
advisable to focus data collection on a limited set of indi-
cators in order not to ask too much of the farmers. 

Information on both the land cover of different crops and 
on livestock numbers is generally provided by the CAP dec-
larations. Some data can also be provided by the farm ac-
counts. Fuel consumption and fertilisation are generally 
recorded in vulnerable zones.

Many farm-level indicators are defined in relation to farm 
land use variables, such as ‘utilised agricultural area’,  
‘forage area’ and ‘grazing area’. When asking farmers for 
such data, it is advisable to cross-check for consistency 
against the background of the data collected for farm-
level indicators, e.g. the total of the surface areas used for 
crops and grassland should add up to the ‘utilised agricul-
tural area’, and the total of the grazed surface area should 
equal the ‘grazing area’. 

To limit the effort involved and avoid problems in obtain-
ing reliable plot-level data in grazing systems, grazing in-
tensity in BioBio was assessed on a general farm level only. 
Differences in grazing intensity within the farm were dis-
regarded. Grazing outside the farm was assessed by esti-
mating the time spent by grazing livestock on areas out-
side of the farm. 

Spanish Case Study: Mediterranean Low-Input Dryland Tree Crops

The Extremadura region is characterised by hot, dry sum-
mers. Dehesa is a Mediterranean silvopastoral system 
based on scattered oaks with native pasture and rainfed 
crops as an understorey. Dehesas are among the best-
preserved low-intensity farming systems in Europe, and 

the combination of traditional land-use and biodiversity 
conservation found in these systems has been cited as 
an example of wise management of the countryside as a 
whole, and a model for sustainable land use in Europe. 

Number of farms surveyed:  10 low-input
Average farm size:  485 ha
Average N-Input:  58 kg/ha
Average energy input:  20 kg fuel equivalents
Total number of habitat types:  31 
Total number of plant species:  439
Total number of bee species:  63
Total number of spider species:  130
Total number of earthworm species:  17
Total number of crop species:  12
Total number of crop varieties:  17
Total number of livestock species:  4
Total number of breeds:  3
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Interview length was the shortest (1 to 1.5 hours per farm) 
in certain specialist crop systems (e.g. olive plantations) 
and in very extensive production systems (e.g. Dehesas). 
The more complex a farming system (mixed farms, diverse 
arable farms), the longer the interview lasted. For some 
case studies, a comprehensive BioBio interview took more 
than 3 hours.

For communication with farmers in an interview setting, it 
is advisable to provide a set of documents to ensure that 
the recorded data are consistent and complete, e.g.:

•	 A list of crops on the farm for recording management 
practices

•	 Maps from the habitat survey, e.g. for discussing pat-
terns of grassland management on the farm. It is recom-
mended that aerial photographs be used in order to 
provide landmarks for orientation.

Indicating the position of sampling sites on maps is partic-
ularly important for recording plot-specific management 
practices, as it ensures that the correct areas are dealt 
with.

8.4 Relating management to species 
indicators

When interpreting the relationship between farm man-
agement and species indicators, it must be borne in mind 
that the above-mentioned pressure effect of farm man-
agement on species may be direct or indirect. The level of 
Total nitrogen input on a managed grassland site, for ex-
ample, will directly affect the composition of the plant 
community, although perhaps with a certain time lag. The 
higher the amount of fertiliser applied, the more it will 
change from legumes and less-nitrogen-demanding her-
baceous vegetation to a sward dominated by grasses and 
nitrogen-demanding herbaceous vegetation. The effect 
of management measures such as Total nitrogen input on 
faunistic indicators such as bees will be predominantly in-
direct, via nitrogen pressure on the vegetation and the re-
sultant change in the latter’s composition. This indirect ef-
fect can be expected to be less immediate than a direct ef-
fect. The indicators Total direct and indirect energy input 
and Intensification/Extensification evaluate the use of ex-
ternal inputs such as nitrogen fertiliser, pesticides, and 
fuel for field operations, and therefore integrate their in-
dividual effects. The total effect is indirect via the effect of 
one or more of these means of production.

The impact of management indicators on species indica-
tors becomes visible when the whole spectrum of farming 
intensity can be examined (e.g. Billeter et al. 2008, Kleijn 
et al. 2009). Since the majority of BioBio case study regions 
fall within the extensive-to-medium-intensive range and 
do not cover the whole intensity range, the relationship 
between management and species indicators indicated in 

the scientific literature (e.g. Grime 1973) is not always very 
strong.

In BioBio, the values for Total nitrogen input largely varied 
among and within cases studies. With increasing inputs, 
trends showed a decrease of gamma species richness of all 
four species indicator groups observed in cultivated forage 
and food crops (Figure 8.1). However, the negative linear 
relationship was only significant (p < 0.05) for plant rich-
ness in the case study regions of Austria, Germany and It-
aly, and for bee richness in Switzerland. For earthworm 
richness in Hungary, the linear relationship was signifi-
cantly positive. Further individual analysis within organic 
and non-organic farms showed that the plant richness  
on non-organic farms of Austria and of Switzerland was 
significantly and negatively related to the Total nitrogen 
input but not on the organic ones. Earthworm richness 
was further significantly and negatively related to the  
Total nitrogen input on the organic farms of Austria. As 
for all farms together, the organic and non-organic farms 
did not show significant relationship between Total nitro-
gen input and the spider richness in any case study region. 
In Switzerland, bee richness dependence on Total nitrogen 
input was significant in non-organic farms but not in or-
ganic ones.

BioBio case studies were designed to represent a variety of 
farming types, among them arable and mixed farms, spe-
cialist grazing livestock farms, and farms with permanent 
crops, such as vineyards and olive farms. Correlations be-
tween farm management and the state indicators of bio-
diversity differed from case study to case study. As it has 
been demonstrated for the indicator Total nitrogen input, 
there was no consistent correlation pattern across farming 
types. For each case study, the analysis revealed distinctive 
combinations of farm management indicators correlating 
with state indicators of biodiversity. 

8.5 Example: German Mixed Farms

Farm management indicators distinguished between the 
management intensities of the mixed farms investigated 
in the German BioBio case study. Farms were best charac-
terised by the following indicators:

•	 Average stocking rate per ha forage area

•	 Total nitrogen input 

•	 Area on which mineral N-fertiliser is used

•	 Total direct and indirect energy input 

•	 Intensificaton/Extensification: Expenditures on fuel, pes-
ticides, fertiliser and animal fodder 

•	 Number of pesticide applications. 

Because these indicators correlated with one other, they 
are good indicators of overall farming intensity (Figure 
8.2). With respect to direct indicators of biodiversity, they 
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that early cuts promote grass species and suppress flower-
ing herbs that could attract pollinators. Clearly the rela-
tionships between farm management and species indica-
tors presented for German mixed farms provided evidence 
for increased biodiversity on farmland that is managed 
less intensively.

showed negative correlations with species diversity indica-
tors in cultivated habitats, particularly with plant and bee 
species richness, and to a lesser degree with earthworm 
and spider richness (Table 8.1). The sub-indicator Mowing 
time (date of first cut) was positively correlated with plant 
and bee diversity. This result is in line with the observation 

Figure 8.1: Gamma diversity of plants, earthworms, spiders and bees on farms (overall species richness) 
collected or observed in cultivated forage and food crops, related to the Total nitrogen input in  
12 BioBio case study regions. ARA = arable CS, HOR = horticulture CS, GRA = grassland CS,  
DEH = Dehesa CS, MIX = mixed farming CS, VIN = vineyard CS and OLI = olive plantation CS.
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Figure 8.2: Analysis of correlations between farm management indicators in German mixed farms 
(Spearman’s rho:  *** p < 0.001, ** p < 0.01, * p < 0.05). AvStock = Average stocking rate  
per ha UAA. AvStockF = Average stocking rate per ha forage area, NitroIn = Total nitrogen input, 
EnerIn = Total direct and indirect energy input, IntExt = Intensification/Extensification, PestUse = 
Pesticide use, FieldOp = Field operations, Cuts = Mowing frequency, Mow Time = Mowing date  
of first cut, Plough = Soil cultivation, Graze = Grazing intensity, MinFert = Area with use of mineral 
N-fertiliser.
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Table 8.2: BioBio management indicator set: Recommended indicators, research indicators, and indicators  
which were discarded for failure to meet the selection criteria.  
*: low, **: medium, ***: high, n.a.: not applicable / not tested in BioBio.

Name Unit Data 
source

Cost Scien-
tifi-
cally 
sound

Practi-
cable

Attrac-
tive

Sub-indicators Comments

Recommended indicators

EnerIn Total direct and 
indirect energy 
input

GJ/ha 
UAA

Farm 
inter-
views

Low *** *** *** Alternatively, the unit 
Equivalent litres of fuel/ha 
UAA can be used for 
communication.

IntExt Intensification/
Extensification: 
Expenditures on 
fuel, pesticides, 
fertiliser and 
animal fodder

€/ha UAA Farm 
inter-
views

Low *** *** ***

MinFert Area with use of 
mineral nitrogen 
fertiliser

% of 
UAA

Farm 
inter-
views

Low *** *** ***

NitroIn Total nitrogen 
input 

kg N/ha 
UAA

Farm 
inter-
views

Low *** *** ***

FieldOp Field operations N° of 
field 
opera-
tions

Farm 
inter-
views

Low *** *** *** 1) Cuts  
Mowing frequency 
(No. of cuts);  
2) MowTime 
Mowing timing (Date 
of first cut);  
3) Plough 
Ploughing (% arable 
land)

PestUse Pesticide use N° of 
applica-
tions 

Farm 
inter-
views

Low *** *** *** 1) PestH  
Herbicide use;  
2) PestI  
Insecticide use;  
3) PestF  
Fungicide use

Av Stock Average 
stocking rate 

N° of 
livestock 
units/ha 
UAA

Farm 
inter-
views

Low *** *** *** AvStockF  
Average stocking rate 
per ha forage area 

Table 8.1: Correlation between farm management indicators and Υ-diversity of cultivated forage and food crops of 
species indicators on German mixed farms (Spearman’s rho *** p<0.001, ** p<0.01, * p<0.05).

Correlation

Indicator Plants Earthworms Spiders Bees

Average stocking rate per ha UAA -0.15   0.09   0.00 -0.26

Average stocking rate per ha forage area  -0.26   0.12 -0.15 -0.40

Area on which mineral N-fertiliser is used      -0.65** -0.33  -0.45      -0.64**

Total nitrogen input: kg N/ ha UAA      -0.63**  -0.28  -0.22 -0.41

Total direct and indirect energy input: GJ/ha UAA    -0.56*  -0.26  -0.37   -0.53*

Intensification/Extensification: Expenditure on external inputs    -0.50* -0.18  -0.25      -0.66**

Pesticide use: Frequency of applications      -0.72**  -0.21    -0.52*      -0.66**

Mowing time: Date of first cut       0.65**     0.42*   0.29     0.60*
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Graze Grazing Intensity N° of 
grazing 
livestock 
units/ha 
grazing 
area

Farm 
inter-
views

Low *** *** ***

Research indicators

Norg Organic nitrogen 
fertiliser input

kg N/ha 
UAA

Farm 
inter-
views

Low *** *** *** A subindicator of ‘Total 
nitrogen input›. Of potential 
relevance for earthworm 
indicator.

Energy output GJ per kg 
grain sold

Farm 
inter-
views

Low *** *** *** To be tested as case study 
specific indicator (arable 
case studies).

Irrig Irrigation % of 
UAA

Farm 
inter-
views

Low *** *** ***   Relevant for few case 
studies only. A candidate for 
merging with ‘Irrigation’ 
indicator to form new 
‘Intensity water manage-
ment’ indicator (working 
title).

Drain Drainage % of 
UAA

Farm 
inter-
views

Low *** *** ***   See Irrigation.

Discarded indicators

DivEnt Diversity of 
enterprises

N° of 
enter-
prises

Farm 
inter-
views

Low * *** *   No consistent trends, so 
indicator was dropped.

CertOrg Certified organic 
farming

yes/no Farm 
inter-
views

Low * *** * Specific farm management 
characteristics are more 
reliable indicators. But 
CertOrg can be an important 
additional explanatory 
variable.

AgrEnv Agri-environ-
mental measures 
on the farm

No of 
agri-envi-
ronmen-
tal 
measures

Farm 
inter-
views

Low * *** *   Correlations with biodiver-
sity indicators for 2 case 
studies only (France – 
plants: positive, Italy – bees: 
negative). No consistent 
trend, so indicator was 
dropped.

AeNa-
ture

Agri-environ-
mental support 
related to nature 
conservation

% of 
UAA 
under 
nature 
conserva-
tion 
measures

Farm 
inter-
views

Low * *** *   Correlations with biodiver-
sity indicators for 2 case 
studies only (Germany – 
habitats: positive. Austria 
– plants: negative.). No 
consistent trend, so 
indicator was dropped. But 
perhaps worthwhile for 
specific analysis of German 
CS.

PestUse-
Area

Reduced use of 
chemical 
pesticides

% of 
UAA 
without 
use of 
chemical 
pesticides

Farm 
inter-
views

Low *** *** * Correlates strongly with 
PestUse.

Zero Soil cultivation: 
Zero tillage

% of 
UAA

Farm 
inter-
views

Low *** *** * Relevant in one BioBio case 
study (France) only.
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The BioBio indicator set consists of a toolbox which could 
be used to implement a European farm scale biodiversity 
monitoring. Europe has been subdivided into 55 regions, 
each with up to eight coarse farm types. The cost of imple-
menting the BioBio indicators has be evaluated based on 
effort data recorded during the case study investigations. 
Investing 0.25 % of the annual CAP expenditure would al-
low to evaluate the policy’s effectiveness on 50’000 farms 
in a rolling survey over five years. 

9.1 From survey to monitoring 

There are several steps which have to be taken before re-
sults from a once-off experimental pilot study such as Bio-
Bio can be extrapolated to a long term monitoring scheme. 
These steps include: 

•	 Setting the objective of the monitoring scheme; 

•	 Determine the unit that should be monitored; 

•	 Decide the criteria of the monitoring program to deliver 
required data and indicators, i.e. sensitivity of indica-
tors for the expected drivers and changes; 

•	 Determine a sampling design to achieve spatial repre-
sentativeness and the required frequency of sampling 
to detect trends;

•	 Adapting the methodologies; 

•	 Provide cost estimates. 

This chapter provides an outline for a European wide 
monitoring of biodiversity at the farm scale based on the 
23 indicators identified in the BioBio project. It draws on 
the experience from the case studies, which included  
detailed recording of the costs for indicator measurement.

9.1.1 Objectives of monitoring schemes
The objective of a monitoring scheme determines the 
choice of indicators and how they will be applied. Objec-
tives can relate to specific indicators (e.g. birds or semi-nat-
ural habitats), to regions within Europe (e.g. vineyards are 
only found in specific countries), to specific farm types (e.g. 
horticultural farms) or to specific farming systems (e.g. or-
ganic farming). Monitoring for biodiversity conservation 
tends to focus on rare habitats and rare species, whereas 
the monitoring of functional biodiversity, for instance 
earthworms and their relation with soil fertility, is more 
targeted towards the more common habitats within and 
around the production areas of the farms. 

The aim of the BioBio project was to provide a monitoring 
scheme for the detection of general trends in the biodiver-
sity of farmland throughout Europe. Therefore the BioBio 
consortium decided to focus on the land owned and/or 
managed by farmers. This definition excludes some sensi-
tive nature habitats. Additionally, different farm types 
were selected throughout Europe to serve as pilot  
studies.

9.1.2 Monitoring a moving target
The aim of a monitoring scheme as investigated by BioBio 
is to provide information on the presence and direction 
and magnitude of the trends in farmland biodiversity, and 
link these to changes in farming practises and specific re-
gions. These are the strengths of a farm based approach 
which addresses the farm as the central management and 
decision unit. However, farms and farming enterprises are 
dynamic in many of their characteristics. Farmers may 
choose to change enterprises / farm type (e.g. from mixed 
to solely arable farming), production management system 
(e.g. from non-organic to organic) or to sell the land when 
there is no son or daughter to continue the succession of 
ownership of the farm. The flexibility and dynamics of  
European farms has to be accounted for in a long term 
monitoring. 

This leads to difficulties of farm-based monitoring in yield-
ing a representative picture of changes at a regional scale. 
It should therefore be complemented with a monitoring 
design that is independent of the farm unit, i.e. one at a 
regional scale such as the approach developed in EBONE 
(no date).

9.1.3 Requirements for data and indicators
Monitoring schemes should provide data and indicators 
that enable appropriate analysis. This means that indica-
tors have to be sensitive to drivers of change and the im-
pact should be measurable. These were important selec-
tion criteria for the BioBio indicators. Stakeholders’ inter-
est and budget restrictions were additional important 
criteria. Measuring too many indicators would lead to  
increased cost for only little additional information. The  
23 BioBio indicators are considered to be the minimum nec-
essary baseline for estimating trends in farmland biodiver-
sity. A further reduction would lead to a significant  
loss of information. E.g. omission of faunal sampling would 
exclude groups which provide vital functions in the  
agro-ecosystem, also represent a large share of overall 
species diversity and are highly sensitive to farming prac-
tices. Various stakeholders even argued that additional in-
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tion 9.4 provides an estimate of the number of farms to be 
sampled in Europe and the costs involved, expressed as a 
share of the budget of the Common Agricultural Policy 
(CAP). 

9.2 Sampling design for farm types and 
European regions

To construct a representative sample pool, preliminary 
analysis has to be done of which farm types can be found 
at different locations in Europe. Subsequently, homogene-
ous regions need to be identified. For each region a num-
ber of farms per farm type has then to be determined that 
will be representative for that region. Detailed computa-
tions can be found in Jongman et al. (2012), this section 
gives a summary of the findings.

9.2.1 Farming types in Europe
In the SEAMLESS project a farm typology has been built on 
(i) specialisation, (ii) land use, (iii) scale of production and 
(iv) intensity (Anderson et al. 2010). This links best with the 
data from FADN as this is the only data set covering the en-
tire EU territory including information on all the dimen-
sions. An analysis based on the FADN database provides an 
overview of the main farming systems in Europe. From this 
analysis, it can be concluded that the BioBio case studies do 
cover the major European farm types in Europe, except for 
specialist poultry and specialist fruit and citrus fruit pro-
duction farms.

In general, in landscapes with the same dominant land use 
the landscape patterns will not change within a country, 
but might be different between countries such as between 
the Netherlands and Germany (Jongman et al. 1996), 
where the landscapes across borders reflect the different 
heritage of ownership and tenure, land-use practices and 

dicators should be included (e.g., butterflies, carabid bee-
tles).

9.1.4 Requirements for sampling design and schemes
A sampling design must ensure that data are gathered 
which are representative of regions, farm types, farming 
systems or specific biodiversity, dependent on the precise 
objective of the monitoring scheme. Based on existing ag-
ricultural and environmental databases a sampling design 
was sketched. This is presented in section 9.2.

Trends can only be detected if datasets are collected in  
a time series. Depending on the drivers and sensitivity  
and variability of the collected data, the frequency of the 
monitoring scheme has to be determined. In terms of the 
frequency of the sampling there are several options. Data 
collection can be episodic at ca. ten year intervals, such as 
in the UK Countryside Survey or it can be organized in a 
rolling survey such as in the Swiss Biodiversity Monitoring, 
in which 20 % of the sampling is conducted annually and 
the full survey completed every five years. The frequency 
depends on the requirement for up-to-date information 
and the variability of indicators within and between years. 
It will strongly affect the resources (e.g. budget, expertise) 
to be allocated. This analysis was not done within the  
BioBio project and will have to be included in a supple
mentary study or evaluation before a routine programme 
would be started.

9.1.5 Cost estimates
Development of a one-off survey into a long term moni-
toring scheme has (positive) consequences for the average 
costs. In section 9.3 we provide coarse cost estimates for a 
BioBio monitoring scheme. The estimates are based on re-
cords of effort used in the BioBio case studies and on as-
sumptions for cost reductions in routine monitoring. Sec-

Spanish Case Study: Olive Plantations

The northern part of Tierras de Granadilla in the Extre-
madura region of west-central Spain is highly specialised 
in olive production. Agricultural practices are strongly 

influenced by a severe water deficit that usually lasts 
four months a year. The crop is mainly used to produce 
olive oil.

Number of farms surveyed:  10 organic, 10 non-organic
Average farm size:  8 ha
Average N-Input:  62 kg/ha
Average energy input:  425 kg fuel equivalents
Total number of habitat types:  14 
Total number of plant species:  283
Total number of bee species:  44
Total number of spider species:  123
Total number of earthworm species:  19
Total number of crop species:  16
Total number of crop varieties: 17 
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policies due to historical developments and national regu-
lations for land management. Therefore NUTS-2 regions 
have been chosen as first entrance because the highest 
level they can reach is the country level (e.g. Luxemburg, 
Denmark, Latvia).

9.2.2 Homogeneous regions within Europe
To design more or less homogeneous regions use has been 
made again of the SEAMLESS database. Based on FADN it 
covers much of Europe, but some gaps remain for Switzer-
land and Norway concerning the underlying agricultural 
data and there is incomplete coverage for Bulgaria and Ro-
mania. However, if this regionalisation works then the 
other countries could be added in a later phase. The data-
base and its farm types were used for the analysis.
 
For the regionalisation the variables intensity and scale did 
not discriminate well at the European scale, but typology 
was an effective initial discriminator. The following steps 
were taken:

1.	 At the level of NUTS2 all regions have been analysed for 
area covered by different farming scale, farming inten-
sity and farm type;

2.	Farming scale and intensity have not been used further 
they do not sufficiently discriminate between regions;

3.	Farm types have been aggregated into major types;

4.	Dominant farm types have been aggregated until 75 % 
area cover of the UAA was reached; this varied from 1–4 
farming types;

5.	For all regions the location in an environmental zone 
(Metzger et al. 2005) has been identified;

6.	Within a country, comparable NUTS regions have been 
merged based on categories >75 %, 50–75 % and 15–
50 % coverage of farm types. 

Care has been taken not to mix contrasting biogeographi-
cal regions by using a layer of the environmental zones 
that is included in the SEAMLESS database. This ensured 
that the differences in species diversity between Mediter-
ranean and non-Mediterranean countries remain in differ-
ent groups. 

Figure 9.1 (see page 82) shows the resulting homogeneous 
zones. The composition in terms of farm types per zone 
can be found in Jongman et al. (2012).

9.2.3 Proposed sampling protocol
The BioBio consortium proposes to select farms by proba-
bility sampling within the regions (Figure 9.1) and divided 
over the main farm types. This enables model-free,  
unbiased and valid estimation of target parameters and 
their standard errors (De Gruijter and TerBraak 1990). This 

is impossible with non-probability sampling, like haphaz-
ard sampling, targeted sampling or convenience sampling. 
Valid quantification of the uncertainty of the monitoring 
result is important to avoid discussions on the statistical 
significance of estimated time-trends in quality indicators 
and other target parameters (Brus et al. 2011).

As the farms within the regions vary considerably in size and 
intensity, each region has a different optimum sampling de-
sign for collecting a representative dataset. Some regions 
may need only few samples, whereas others may need 
many. Therefore, the sampling design must be tailored to 
the needs of each region. Determining factors for this de-
sign will include the degree of variation in the composition 
of the farm population (number of farms, farm types) in this 
region and the variability in biodiversity indicators. 

9.2.4 Number of farms to be sampled
For selecting the samples we must know the total number 
of farms and their distribution. To arrive at a sample esti-
mate we compare several different approaches: 

•	 In the EBONE project (no date), it was proposed to sam-
ple European rural landscapes by means of 10,000 1 km 
squares in a rolling system of 2000 per year in subareas 
of the Environmental Stratification (Metzger et al. 
2005). The total area of Europe under consideration was 
in this case 4,027,947 km2 and the sample covers 0.25 % 
of this area. 

•	 In a case study for Portugal on representativeness of 
land cover for the (land cover) population of the region, 
a pool of 10–40 sampling units have been used to repre-
sent a region of 3000 km2, being 0.3–1,33 % of the area. 
Already 10 sample squares appeared sufficient for 
proper estimates, while mainly the SE and the %CV are 
being reduced by increasing the sample (Mateus 2004, 
Jongman et al. 2006). 

•	 In the Seamless study 15 sample farms per FADN region 
has been considered the minimum for characterising 
farm types for a region (Andersen et al. 2006). However, 
testing is required to verify the viability of the proposed 
sample size.

If BioBio is adopting the procedure that has been followed 
in Seamless, then the number of farms in a region should 
be set at 15. This is also the minimum aggregation level for 
FADN data. Following the approach in the Portuguese 
study the number of farms is dependent on the area of the 
region. This means that smaller areas with less farms 
should contain proportionally less sample farms, but al-
ways with a minimum of 15. Whether 1 %, 1.4 % or 2 % of 
the farms need to be surveyed is an issue that is deter-
mined by homogeneity of a region, the available budget 
for data collection, the standard error (SE) that is accepted 
and the indicators applied. 
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Based on this analysis, the number of farms that have to be 
sampled per region in a monitoring scheme can be com-
puted. However, the changes of farm enterprises over time 
in terms of existence, size, type and management pose a 
problem for monitoring. A fixed pool of farms could be se-
lected in the first year of sampling, but some of the se-
lected farms will change and this can bias the sampled 
farm population. Farms could also be selected each sam-
pling year, but this introduces a lot of variation in the long 
term data series which will make the interpretation of 
trends more difficult. FADN uses a fixed pool and comple-
ments this with a flexible pool. This seems a good solution 
for the biodiversity monitoring scheme as well.

Figure 9.1. BioBio monitoring zones based on form statistics (NUTS 2) and on environmental regions. Their inter-
section leads to up to five zones per country. In each zone eight farm types are differentiated. Results could be 
reported per farm type per zone.

This same problem of flexibility can also be encountered 
on a farm scale. In vegetation monitoring, permanent 
plots have a preference because they allow the monitoring 
of changes in vegetation. In arable farms where there is a 
rotation of crops this is not feasible. Semi-natural habitats 
are likely to be more long-term in their location and size, 
but even a species rich hedge can be taken out or created 
by farmers. Here there are two options: 1) every time a 
farm is sampled, the sample locations per habitat type are 
randomly determined; or 2) for dynamic habitats (mainly 
the production areas) sample locations are randomly se-
lected each time and for more permanent habitats (line-
ars, semi-natural habitats) only when needed.
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An analysis is yet to be performed to determine an ade-
quate number of farms to be sampled, based on the vari-
ability of the indicators measured in the BioBio case stud-
ies, and will be reported later. For resolving specific diffi-
culties of farm scale biodiversity monitoring, similar 
approaches as in economic farm monitoring could be 
adopted. Locating species plots on farms should be as con-
servative as possible (to reduce variability) but will require 
some adaptation to the crop rotation.

9.3 Accounting for costs and efforts of the 
measurement of the BioBio parameters 

Margules and Austin (1991) stated that biological surveys 
are inherently cost-effective because they allow for a re-
duction of the level of uncertainty on natural systems and 
their complex reactions to management actions. Never-
theless, the available resources for monitoring programs 
are limited and will rarely reach the ideal level (Burbidge 
1991). At the same time, there may be different alternative 
monitoring schemes, providing different information and 
having different costs. In this context, a reliable cost analy-
sis is an essential component of a monitoring program 
(Caughlan and Oakley 2001). The importance of cost analy-
ses is twofold: for a sound and affordable implementation 
of a monitoring program and for an efficient allocation of 
available resources during the decision-making process. 
Despite this, only few studies exist which propose a meth-
odological approach or provide empirical evidence about 
such costs. The few cost-effectiveness studies of biodiver-
sity measurement are based de facto on proxies and ex-
post estimations (e.g. Qi et al. 2008; Schmeller and Henle 
2008), or cover a limited area (e.g. Franco et al. 2007). The 
BioBio project plays an important role in the reduction of 
this gap because it provides a direct (empirical) assessment 
of the costs of the measurement of biodiversity indicators 
in 12 European case studies. In the following we use such 
information to estimate the costs of the proposed moni-
toring program.

9.3.1 Methods
The cost assessment followed an “input-based” approach 
i.e. the cost of the measurement was computed as the sum 
of the monetary costs of the resources required to under-
take the measurements of the BioBio parameters, i.e. habi-
tat mapping (HM), vegetation (V), bees (B), spiders (S), 
earthworms (EW) and questionnaires (Q). Cost data collec-
tion (about 13,000 records gathered between March 2010 
and December 2011) was organised on a weekly basis dur-
ing the field sampling activities in order to trace efforts 
and costs per indicator, farm, types of activity and re-
source. The data collected concern unitary cost of re-
sources, labour time, distance and duration of travel, con-
sumables, equipment, other costs (e.g. overnights) and the 
type of activity (fieldwork, deskwork, laboratory, taxon-
omy; Targetti et al. 2011). 

9.3.2 From BioBio to a full monitoring program cost
Budgetary costs of monitoring programs include several 
items and two distinct phases (Caughlan and Oakley, 2001, 
see Box 9.1). The development phase of a monitoring pro-
gram deserves a generous allocation of funds in order to 
avoid expensive corrections during the subsequent regular 
monitoring phase or even the failure of the entire pro-
gram. Indeed, the development phase aims to define and 
test the methodological approach of the monitoring pro-
gram in order to optimise the survey efforts (e.g. avoid  
under/over-samplings) and ensure a correct flow of the 
regular monitoring phase. Cost-data collection during the 
BioBio project could be referred to the point 1.4 “Pilot 
study”. It is very likely that unitary costs and efforts will be 
considerably lower during the regular data collection 
(point 2.2) because of optimization of the sampling  
design, availability of trained staff and mechanisms  
related to the call for tenders (i.e. competition between 
private monitoring agencies). The cost assessment of a full 
monitoring program should also consider the possibility to 
incur in specific economies of scale (e.g. bulk purchase of 
consumables and equipment), the optimization of the 
sampling protocol (e.g. employment of high skilled staff 
only when required), the potential synergies between  
indicators (i.e. one travel serving two or more indicators  
or farms), fixed vs. variable costs, depreciations, etc. For 
these reasons, the estimation of cost of a full monitoring 
cycle cannot be performed by simply adding the cost of 
the single parameters as assessed in the BioBio project. 
Nevertheless, the data collection of the BioBio project is a 
robust and reliable base to provide estimations of the costs 
of the regular monitoring phase. After consultation with 
the BioBio case study leaders, the cost of the BioBio activi-
ties have been translated in “Data collection costs” (point 
2.2) applying the following reduction rates (as compared 
to Targetti et al. 2011) and synergies between indicators 
(reduction rates in brackets).

•	 Habitat mapping (50 %). The regular monitoring phase 
will benefit from the availability of trained staff. The 

Box 9.1: The phases indicated by Caughlan 
and Oakley (2001):

1.	 Development phase; 
1.1.	 Objective setting; 
1.2.	 Design planning; 
1.3.	 Administrative support development; 
1.4.	 Pilot study.

2.	 Regular monitoring phase; 
2.1.	 Scientific oversight; 
2.2.	 Data collection; 
2.3.	 Data management, analysis and reporting; 
2.4.	 Quality assurance; 
2.5.	 Administration and other expenses (e.g. staff 	
	 training).
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utilization of field computer and the utilisation of open-
source GIS software will contribute to cut the costs.  
Synergies with the vegetation data collection are possi-
ble;

•	 Vegetation (20 %). The reduction rate is mainly related 
to the possibility to employ field computers and to the 
synergies with the habitat mapping;

•	 Bees. No cost reductions are envisaged (even though  
it is possible to consider synergies with the spider field 
activities);

•	 Spiders (30 %). Very likely the number of sub-samples 
can be reduced1; possibilities to employ other machinery 
(e.g. for spider sorting) is envisaged;

•	 Earthworms. No cost reductions are envisaged (data 
analysis should give deeper insights on the methods ap-
plied and possibilities to reduce sampling effort);

•	 Questionnaires (30 %). The regular monitoring will ben-
efit of standardized questionnaire in order to reduce 
the data input efforts. A reduction of the number of 
questions is also envisaged;

•	 Taxonomy2 (15 %). Taxonomy costs could be reduced by 
optimisation of staff resources (e.g. non-skilled workers 
for species sorting activities); availability of reference 
collections and availability of electronic keys;

•	 Consumables and equipment (20 %). Regular monitor-
ing should benefit from economies of scale (e.g. bulk 
contracts).

9.3.3 Costs of the measurement of the BioBio indicators 
in a regular monitoring program
The 12 BioBio case studies covered a wide range of farm 
types and regions. Thus, the range of differences in efforts 
and cost per farm in the different case studies are signifi-
cant. For this reason, we referred the efforts and costs of 
the BioBio parameters to the most appropriate unit of 
measurement: hours of work per hectare for the habitat 
mapping, per farm for the questionnaire and per plot for 
the others (Figures 9.2, 9.3, 9.4).

Figures 9.2, 9.3 and 9.4 show that (see also Targetti et al. 
2011):

•	 Costs and efforts are clearly different between indicator 
groups;

•	 Fieldwork is the most time-consuming activity of the 
farm-scale measurement of biodiversity (except for the 
habitat mapping);

•	 Species indicators are the most expensive indicator 
groups;

•	 Taxonomic identification is a considerable share of spe-
cies indicators’ costs (about 30 %).

9.4 Efforts and cost requirements for a 
possible monitoring scheme 

As outlined in the previous section, a full monitoring pro-
gram is composed of two distinct phases and budget re-
quirements. Accordingly, correct cost estimation should 
consider and allocate resources to the different budgetary 
items. Besides this, accurate budget estimation should also 
take into account a scenario where external resources (i.e. 

Figure 9.2: Overview of estimated labour 
efforts (after travel) required for the meas-
urement of the BioBio indicators, based on 
data recorded in the 12 case study regions 
and applying assumptions for reductions 
of effort in a monitoring context (Section 
1.3.2). In brackets the measurement unit 
of each single parameter.

1	 Yet not confirmed by data analysis
2	 Species identification costs were separated from the other 

costs for the bees, spiders and earthworms. Identification of 
plant species was performed by internal resources.
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tion is based mainly on: i) Caughlan and Oakley (2001) did 
not explicitly address large scale monitoring programs, 
where the centralization of point 2.3 and 2.4 activities will 
allow for a reduction of costs due to economies of scale; ii) 
as the same authors stated, the quality assessment cost is 
expected to decline yearly in a long term monitoring pro-
gram. 

Even though important, the points 2.1 and 2.5 (“scientific 
oversight” and “administration and other costs”) are mi-
nor cost items. Therefore, these cost items will be assessed 
separately à forfait (see Section 1.4.4).

The costs of a possible monitoring program of the BioBio 
indicators have been assessed considering:

•	 The monitoring cost for an average farm (average N° of 
plots, average farmland hectares; see Figure 9.5);

•	 A standard composition of field-staff;

•	 An average time spent in travel to reach the sampling 
plots (1 hour of travel for the go and back journey).

resources from external agencies or institutions) are avail-
able. Here, we consider the BioBio project activities as the 
pilot study of a full monitoring program. BioBio tested can-
didate indicators for biodiversity using a standardised de-
sign in case studies covering the major farm types and bio-
geographical regions across Europe. The BioBio project has 
been funded by an external institution (EU Commission in 
this case) and the cost assessment of the monitoring pro-
gram will include the regular monitoring phase only (point 
2 in Box 9.1). Prior to a routine monitoring, however, a sec-
ond pilot or transfer study may be required to test and re-
fine the methods in additional European regions and for 
additional farm types. 

Data collection generally represents a large portion of the 
overall budgetary costs of a monitoring program. The 
other cost items could be estimated in percentage on the 
total monitoring costs. Caughlan and Oakley (2001) recom-
mended to allocate 30 % of the budget to point 2.3 “Data 
management, analysis and reporting” and 30–50 % to 
point 2.4 “Quality assurance”. In the case of the monitor-
ing based on the BioBio project, it is reasonably conserva-
tive to reduce significantly these cost items. This assump-

Figure 9.4: Overview of the costs per plot of 
the taxonomic identification for bees, spiders 
and earthworms, based on data recorded  
in the 12 case study regions and applying 
assumptions for reductions of effort in a 
monitoring context (Section 1.3.2). 

Figure 9.3: Overview of the costs of consum-
ables, equipment and other costs for the 
measurements of the BioBio indicators, based 
on data recorded in the 12 case study 
regions and applying assumptions for 
reductions of effort in a monitoring context 
(Section 1.3.2). In brackets the measure-
ment unit of each single parameter.
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•	 Spiders: 2 persons;

•	 Earthworms: 2 persons;

•	 Questionnaire: 1 person.

Because of clear differences of labour costs across the Eu-
ropean countries, the assessment of costs of the monitor-
ing program strictly depends on the country to be sur-
veyed. Given the fact that the cost for the other resources 
(consumables etc.) were assessed as an average from 12 
European countries and that these represent a relative mi-
nor cost, the costs outlined in the Table 9.1 can be em-
ployed as a reference. 

9.4.1 Assumptions for the cost estimation and results 
The following points refer to Box 9.1:

Point 2.1 	Scientific oversight. Even though the pilot phase 
provides design and general setting, the moni-
toring activities need to be supervised constantly 

As stated in the previous section, the wide range of farm 
types covered by the BioBio project entails significant dif-
ferences in effort and cost between case studies: It is very 
important to notice that a reliable estimation of the moni-
toring costs should consider the specificities of the agricul-
tural systems to be surveyed (e.g. hectares of farmland, 
distance and accessibility of plots, expected number of 
plots, etc.). Nevertheless, in a first approach, we base our 
estimation on the efforts and costs assessed for the “aver-
age BioBio farm” (Table 9.1).

Based on the experience of the BioBio field activities, the 
field staff composition has been standardised in order 
to optimise the costs (salary bands) with the skills re-
quired (high skilled, low skilled). Field staff calculation 
will consider the following standardised field staff com-
position: 

•	 Habitat mapping + Vegetation: 2 persons; 

•	 Bees: 1 person;

Figure 9.5: Average number of 
plots per farm (A) and average 
hectares per farm (B) in the 12 
BioBio case studies.

B)

A)
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Point 2.4 	Quality assurance. As for point 2.3, we assume 
that 4 skilled person days per surveyed farm will 
be required for Quality assurance in the first year 
of the monitoring program. This effort could be 
reasonably reduced by a rate of 5 % per year in 
the subsequent years of the program (data qual-
ity increases yearly). 

Point 2.5 	Administration and other expenses (e.g. staff 
training). As for point 2.1, we propose to allocate 
1 % of data collection costs to this task. 

In Jongman et al. (2012) the results are presented for the 
scenario B of point 2.2 – where costs are adjusted to the 
different cost levels across EU countries. We consider the 
scenario where the labour cost of quality assessment and 
data analysis (points 2.3 and 2.4) is not adjusted to the dif-
ferent cost levels (taking Belgium costs as reference). This 
should allow for a homogenisation of data quality assess-
ment across EU and help to counterbalance the effect of 
the higher competition in the call for tenders in the high 
cost countries. Labour costs (in person days) for skilled and 
not-skilled workers are presented in Table 9.2 for France, 
Italy (actual data) and Belgium (estimation based on cor-
rection coefficients) 

Table 9.1. Labour efforts and costs for consumables, equipment, taxonomy and others for the average BioBio farm. 
Person days are assessed assuming 7 hours of work per day.

Skilled labour 
(person days)

Not skilled labour 
(person days)

Total labour 
(person days)

Consumables, equipment, 
taxonomy, others (€)

Habitat mapping 1.7 0.6   2.3 111

Vegetation 1.1 0.7   1.8 60

Bees 2.6 0.0   2.6 204

Spiders 1.0 2.5   3.5 303

Earthworms 0.5 3.7   4.2 360

Questionnaire 0.8 0.0   0.8 11

Total 7.6 7.5 15.1 1048

by qualified scientists in order to: verify that the 
program is meeting the targets, provide correc-
tions to the sampling design when necessary. We 
propose to allocate 1 % of data collection costs 
to this task. 

Point 2.2 	Data collection. Three scenarios are possible: A) 
an equal cost per farm is granted across the EU 
without considering the different cost levels be-
tween countries; B) the cost per farm is adjusted 
according to the differences of cost labour across 
EU; C) data collection is performed directly by lo-
cal administrations. Scenario A considers an aver-
age cost per farm across EU (e.g. considering Bel-
gium as reference). This option would advantage 
monitoring in lower cost countries (and disad-
vantage monitoring in high cost countries). Sce-
nario B allows for the correction of the cost of la-
bour by means of correction coefficients (e.g. ac-
cording to Council Regulation –EC- No 1239/2010). 
This option could create distortions between the 
different call for tenders across EU, i.e. higher 
competition (and very presumably higher quality 
of monitoring agencies) in high cost countries 
and vice versa in low cost countries. The third 
scenario considers the opportunity for local ad-
ministrations to hire ad-hoc personnel. This op-
tion could be supported by the long duration of 
the monitoring program and the significant 
money savings allowed by the employment of in-
ternal resources. 

Point 2.3	  Data management, analysis and reporting. This 
task includes data analysis and reporting results 
to different audiences (scientists, land manag-
ers, policy-makers, the wider society). Divulga-
tion of results is important to ensure support to 
the program and facilitate the flow of informa-
tion between the monitoring program and the 
decision makers. We assume that 4 person days 
per farm of skilled labour should be adequate 
for this task.

Table 9.2 Labour cost for skilled and not skilled workers 
for biodiversity monitoring in EU countries (example).

Skilled labour 
(€ per person day)

Not skilled labour 
(€ per person day)

Francea 750 500

Italyb 410 250

Belgiumc 515 333

a average salary band of one public organization, one naturalist NGO 
and one private firm based on 2010 labour cost (source: Levrel et al. 
2010) 

b average salary band of three private agencies based on 2012 labour 
cost (source: Targetti and Viaggi survey, 2012) 

c average salary band of data for France and Italy adjusted for Belgium 
by means of the Council Regulation (EC) No 1239/2010 correction 
factor.
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9.5 A reasonable budget for monitoring 

From a theoretical point of view it is also interesting 
whether the policy framework that needs monitoring of 
its impact and efficiency would be able to provide the nec-
essary budget. The decision to allocate a budget for moni-
toring and evaluation should not be based on cost alone, 
but on the benefit derived from the monitoring activity. In 
other words, the right question is not “How much does it 
cost?” but “Which is the benefit that can be gained from a 
better informed decision?”. Unfortunately monetary esti-
mates of the benefits arising from biodiversity monitoring 
are not available1. Recommendations for effort to be in-
vested in evaluating the effectiveness of programs or pro-
jects range between 0.5 and 10 % of their total budget 
(Rieder 2011) depending on the complexity and novelty of 
the program and on whether only the implementation of 
the program is to be assessed or whether its effects should 
be monitored, as would be the case here. Recommenda-
tions of the European Commission are at the lower end of 
this range (0.5 %, EC 2004). Given the importance of the 
Common Agricultural Policy (CAP) for social, environmen-
tal and economic development of rural Europe, we argue 
that it would be reasonable to allocate a significant share 
(say 3 %) of the CAP budget to the evaluation of its ef-
fects, including landscape and biodiversity for which 0.5 % 

1	 Estimation of benefits arising from biodiversity monitoring was not 
an objective of the BioBio project

would be reserved. Given that we will need two ap-
proaches to complement each other when it comes to de-
termining the trends and causes in changes in the farm-
land biodiversity, let us further assume that 0.25 % should 
be allocated towards a farm based monitoring scheme 
such as proposed by BioBio and 0.25 % of the budget 
should be allocated to a landscape oriented approach. This 
would mean that 625 € million would be available in five 
years (given the permanence of the current average CAP 
budget) for the farm based monitoring scheme, which 
amounts to approximately just over 50.000 farms, 1.7 % of 
the total number of farms in Europe. These farms would 
be distributed proportionally across the sampling regions 
(Figure 9.1) and farm types within regions. See Jongman et 
al. (2011) for detailed tables. If the monitoring scheme 
would be applied by sampling 20 % of the farms in a roll-
ing five years survey, this implies that the first comparable 
results would be available in year 6.

We consider the rough percentage of 0.25 % of the total 
CAP budget a good starting point for a monitoring 
scheme. If placed according to the suggested spatial de-
sign, the number of sampled farms should allow for repre-
sentative biodiversity indicators for the whole of Europe 
and for major farm types. Adding to that, the benefits of 
the monitoring program are not limited to the evidence 
on biodiversity trends. In comparison to existing schemes, 
this monitoring scheme will also provide data on causal re-
lationship between changes in farm practices (in specific 
farming systems) and the status of farm biodiversity. 

Swiss Case Study: Mountain Grassland with Cattle

The case study area is situated in Obwalden, central 
Switzerland, in the village of Stalden which lies on the 
southeast-facing hillside above Lake Sarnen. The agricul-
tural landscape is characterised by steep, intensively ma-
naged grasslands and orchards, and in the higher regi-
ons by communally owned summer pastures. The strong 

topography limits mechanisation. The farms surveyed 
are grassland-based ruminant producers with cattle for 
milk production or breeding. About 25 % of the farms in 
the region are organically managed.  Part-time farming 
is common.

Number of farms surveyed:  10 organic, 9 non-organic
Average farm size:  10 ha 
Average N-Input:  83 kg/ha
Average energy input:  194 kg fuel equivalents
Total number of habitat types:  19
Total number of plant species:  269
Total number of bee species:  64
Total number of spider species:  125
Total number of earthworm species:  17
Total number of crop species:  9
Total number of crop varieties:  134
Total number of livestock species:  2
Total number of breeds:  12
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Table 10.1. Number and type of farms investigated in Tunisia, Ukraine and Uganda.

Country Farming System No. of Farms Average Farm Size

Tunisia Olive groves 10 organic and 10 non-organic 74 ha (most farms less than 30 ha)

Ukraine Mixed arable and livestock 3 low-input and 3 high-input 2626 ha

Uganda Small-scale arable farming 8 organic and 8 non-organic 0.42 ha

The applicability of the BioBio indicators beyond Europe 
was tested in Tunisia, Ukraine and Uganda. While the ap-
proach generally seems to be applicable, specific adapta-
tions are still required. In Tunisia and Uganda, the farm-
management questionnaire needs to be adapted to local 
conditions. Owing to different farming structures and 
farm size, the sampling design must be adapted, particu-
larly in the Ukraine. It was not possible to sample all spe-
cies groups in all regions. The habitat-mapping key and 
earthworm sampling require adaptation to tropical condi-
tions.

10.1 Introduction

As an outreach activity, the wider applicability of the Bio-
Bio biodiversity indicators, which were developed for Eu-
rope, was tested in other agro-ecological zones and in a 
different policy context. The aim of this part of the project 
was to identify:

•	 which indicators are generally applicable for low-input 
and organic farming systems beyond Europe;

•	 would the methods need to be adapted, and how;

•	 which indicators would need to be developed in order 
to comply with the conditions of low-input and organic 
farming in other agro-ecological zones and institutional 
settings.

The implementation of this work package was based on 
partnerships with the National Institute for Research in 
Rural Engineering, Water and Forest (INRGREF) in Tunisia, 
Bila Tserkva National Agrarian University in Ukraine, and 
Makerere University in Uganda. These institutes contrib-
uted three case-study areas spanning a gradient of in-
creasing difference from the European case studies:

•	 Low-input organic and non-organic olive groves in Tuni-
sia, quite similar to the olive groves in Extremadura, 
Spain;

•	 Mixed, low-input and intensive arable farming in 
Ukraine, somewhat comparable to the mixed farming 
system in Germany, but with much larger fields and 
farms;

•	 Organic and non-organic subsistence farming in 
Uganda, utterly different from the European case stud-
ies.

Table 10.1 outlines the farming systems investigated and 
the number of farms assessed.

In order to test whether the European candidate indica-
tors defined in BioBio are applicable in the three case stud-
ies, partners took part in the process of devising the crite-
ria for indicator selection and in the development of as-
sessment methods. The requirements for the applicability 
of indicators in the three case studies did not override the 
selection of indicators for the European case studies be-
cause the overall objective of BioBio was to propose an in-
dicator set for Europe. Consequently, the three teams as-
sessed the same indicators tested in the European case 
studies.

10.2 Tunisia

Tunisia is the northernmost country of the African conti-
nent, midway between the Atlantic Ocean and the Nile 
Valley. Occupying a territory of 162,155 km2, the country 
has an estimated population of just over 10.3 million. Tuni-
sia enjoys a Mediterranean climate with mild, rainy winters 
and hot, dry summers in the north and along its coast. No-
vember ushers in the rainy season, with heavy showers. On 
average, precipitation ranges between 1000  mm and 
1500  mm in the north, and between just 100  mm and 
200 mm in the south. Agriculture accounted for 14 % of 
GDP in 2005. Olives and olive oil, citrus fruits, cereals and 
dates are the main farm produce. Tunisia is the primary ol-
ive-growing country of the southern Mediterranean, with 
over 30 % of its arable land devoted to oleiculture. Or-
ganic agriculture is relatively new to Tunisia, starting in the 
1980s with private initiatives and growing significantly 
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over the last few years. Tunisia currently has around 
285,000 ha of organically certified land.

The farms investigated are situated near the country’s 
eastern coast (Figure 10.1), in the districts of Monastir and 
Mahida, between Sousse and Sfax. The average tempera-
ture of this area is around 22 °C, and annual rainfall lies be-
tween 200 and 400 mm. Soils are mainly Calcisols, Luvisols 
and Fluvisols.

Agriculture is an important economic activity occupying 
more than 80 % of the land. The area’s main crops are ol-
ives, pistachios, barley, almonds, pomegranates, prickly 
pears, and several fodder crops. About 60 % of the agricul-
tural land is planted with olive trees. Organic farming ac-
counts for a sizeable proportion of olive oil production, 
with over 40 % of organic land being planted with olive 
trees and around 115,000 ha of olive plantations no longer 
being treated with chemical fertilisers and pesticides in 
2008 (Figures 10.2 & 10.3). The surveyed farms specialise in 
olive growing, and both organic and non-organic farms 
can be classified as low-input farms.

When testing the BioBio indicator set, we were faced with 
two fundamental difficulties:

1)	The farm management questionnaire was not adapted 
to some of the farms. Many farmers are not accustomed 
to keeping records, and a number of the indicators – 
e.g. energy consumption – could not be evaluated be-
cause records were not available.

2)	Earthworms were so rare that earthworm sampling was 
abandoned after fifty plots, since almost no specimens 
were detected.

Otherwise, the sampling procedure was implemented in a 
similar manner to that used at the olive farms in Spain, and 
indicators were recorded. Spiders and bees had to be sent 

Figure 10.1. Location of Tunisian case study.

Figure 10.2. Flowering plants on a Tunisian olive farm (photo:  
R. Kölliker).

Figure 10.3. Vegetable crop between olive trees (photo:  
S. Garchi).

to specialist taxonomists in Europe for identification, as 
this expertise was not available in Tunisia.

10.3 Ukraine

With an area of 600,000 km2, Ukraine is the second-largest 
country in Eastern Europe. The landscape consists mostly 
of fertile plains (steppes) and plateaus, criss-crossed by riv-
ers such as the Dnieper, Seversky Donets, Dniester and 
Southern Buh. The country’s only mountains are the Car-
pathians in the west. Ukraine has a mostly temperate con-
tinental climate, with an average annual precipitation of 
approximately 600  mm. The country’s humus-rich black 
soils have created one of the most fertile regions in the 
world, and hold great potential for agricultural produc-
tion. Nevertheless, these soils are threatened by rapid ero-
sion and loss of fertility if not managed properly. Ukraine 
typically produced over half of the sugar-beet crop and 
one-fifth of all grain grown in the former USSR. In 2007 
there were about 90 organic farms in Ukraine with a total 
area of 255,000 ha, which is 0.7 % of the total agricultural 
land.
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10.4 Uganda
 
Uganda is a landlocked East African country covering a to-
tal area of 236,040  km2 and with a population of 27 mil-
lion. Situated on the East African plateau, the country has 
an average elevation of approx. 1100 metres above sea 
level. The climate is modified by altitude, and is therefore 
generally but not uniformly equatorial. Southern Uganda 
is wetter, with rainfall generally spread throughout the 
year. Further to the north, a dry season gradually emerges. 
The north-eastern Karamoja Region has the driest climate, 
and is prone to droughts in some years. Rwenzori in the 
southwest receives heavy rainfall all year round. Lake Vic-
toria – one of the world’s biggest lakes – heavily influences 
weather and climate in the south of the country, prevent-
ing temperatures from varying significantly and increasing 
cloudiness and rainfall. Around 50,000 certified smallhold-
ers farm organically in Uganda. Organic export companies 
increased from five in 2001 to 22 by the end of 2005.

The case-study region is located in the Kayunga District, 
which lies approximately 74 km northeast of Kampala (Fig-

The farms surveyed are located in southern Kiev province 
in central Ukraine, near the city of Bila Tserkva (Figure 
10.4). The case-study region lies in the Forest-Steppe Zone. 
The climate is temperate-continental, with an annual pre-
cipitation of 550−580 mm and an average temperature of 
7.7 °C. Eight-four per cent of agricultural lands in the case-
study region have a chernozem soil with a humus content  
of 2.7–4.2 %. Large parts of ecosystems in the case-study 
region are maintained predominantly by extensive agricul-
ture (Figure 10.5). Agriculture occupies around 64 % of the 
land, with the main crops being cereals (wheat, barley, 
maize), sunflowers and sugar beet. Most of the farms com-
bine arable agriculture with livestock husbandry (cattle, 
pigs). Woodland accounts for about 20 % and nature- 
protection areas about 3 % of the country’s total area. 
Ukrainian case study farms are large-scale agricultural  
systems which were formerly cooperatives, a situation 
common to many countries in Eastern Europe.

All BioBio indicators were successfully measured, as with 
the European case-study regions (Figure 10.6). Taxonomic 
expertise in arthropods and earthworms was available in 
Ukraine, allowing identification of the specimens. Despite 
this, the sampling design required major adaptation. Not 
only were Ukrainian farms significantly larger than in Eu-
rope, but individual fields were also much bigger (15 to 
697 ha). Consequently, the size of the individual habitats 
required at least three sampling points to be located in 
different parts of each habitat to compensate for the dif-
ference in environmental conditions owing to the large 
area covered. Fields were therefore divided into three sec-
tions, with one sampling taking place in each of these sec-
tions in order to acquire data from different locations in 
the fields.

Figure 10.4. Location of Ukrainian case-study regions. 

Figure 10.5. No-till cultivation on a Ukrainian farm (photo:  
S. Yashchenko).

Figure 10.6. Catching bees on a plot in a cereal field (photo:  
S. Yashchenko).
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ure 10.7). This region has a modified equatorial climate, 
which means humid-to-sub-humid conditions. Average an-
nual rainfall is 1228  mm, falling mostly between March-
June and September–November. The average temperature 
ranges between 22 and 25 °C. Kayunga District is charac-
terised by gently rolling hills with wide valleys and an ele-
vation of between 1300 m in the north and 950 m in the 
south. Soils are sandy clay loams of Luvisols and some silty 
loams of Fluvisols. Agriculture is the main economic activ-
ity in Kayunga District, representing 90 % of total employ-
ment. Many farmers produce organic products. Two types 
of agriculture are practiced in Kayunga: animal husbandry 
in the north, and subsistence crop farming in the south, 
where the BioBio Project site is located. Some of the crops 
raised in the district include vanilla, cassava, bananas, cof-
fee, maize, millet, watermelon, pineapples and passion 
fruit (Figures 10.8 and 10.9). Kayunga District is the leading 
producer of pineapples in Uganda, and the local organic 
farms export the fresh fruit.

Figure 10.7. Location of the Ugandan case-study region.

Figure 10.8. Pineapple plantation intercropped with bananas 
(photo: C. Nkwiine).

Figure 10.9. Banana, coffee and shade trees (photo: F. Herzog).

Temperate farming in Europe is characterised by distinct 
seasonality, with a growing season in spring and summer, 
interrupted by a cold season in winter. With tropical farm-
ing in Uganda, however, there is no interruption of the 
growing season. What’s more, Ugandan farming is char-
acterised by spatial and temporal intercropping. Mono-
culture is the exception: several crops are grown simulta-
neously in a given field, with one of them possibly being 
gradually replaced by another. For example, while pine-
apples are planted as a monocrop for the first 1–2 years, 
they may be gradually intercropped with e.g. banana 
and/or coffee in subsequent years. When after 5–6 years 
the pineapple plants are removed, the bananas will be in-
tercropped with coffee and/or trees.
The application of the BioBio indicators led to the follow-
ing difficulties:

1)	 The EBONE habitat-mapping key was not adapted to 
tropical habitats. An ad hoc adaptation was proposed, 
but requires further testing and improvement.

2)	 The farm management questionnaire was not adapted 
to the farming system, and could therefore only survey 
part of the management operations.

3)	 Spider sampling was not done because spider taxon-
omy is not sufficiently stable in East Africa.

4)	 Whilst the sampling method for bees was successfully 
adopted, earthworm sampling proved difficult due to 
the different structure of tropical soils, which more or 
less stops the chemical AITC (allyl isothiocyanate) from 
penetrating more than 10 cm deep. 

5)	 Specimens had to be sent to Kenya for identification 
because taxonomic expertise in bees and earthworms 
was not available in Uganda. 
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10.5 Results and recommendations
 
The case study in Tunisia was similar to that of the olive 
groves in Spain, with all indicators except earthworms be-
ing applicable. In Ukraine, aside from the necessity of 
adapting the farms’ sampling design to the larger farm- 
and plot size, there were no major problems in implement-
ing the indicators developed for Europe. The Ugandan sys-
tem differed the most from the European systems, making 
implementation of the BioBio indicators more difficult. 
The results show the general applicability of the BioBio  
approach beyond Europe and for different environmental 
conditions. For tropical farming in particular, however, the 
approach requires adaptation.

The major problem faced is the shortage of adequate re-
sources for establishing e.g. a monitoring scheme based 
on the selected indicators. For practical implementation it 
would be necessary to adapt the indicator set to lower lev-
els of available resources (funding, knowledge, infrastruc-
ture and institutions). One solution might be to place 
greater importance on simple methods or low-cost ap-
proaches when it comes to implementing indicators and 
sampling schemes (see e.g. Coddington J. A. et al. 1991, 
Danielsen et al. 2000). Another way to cope with a short-
fall of human resources and institutions could be partici-
patory monitoring methods (see Danielsen et al. 2005, 
Danielsen et al. 2006). The discussions of Yoccoz et al. 
(2001, 2003), Rodríguez (2003) and Danielsen et al. (2003a, 
2003b) on the correlation between the scientific back-

Table 10.2. Applicability and results of BioBio indicator assessment in Tunisia, Ukraine and Uganda  
(‘not applicable’ = indicator was not applicable in case study; ‘not yet available’ = indicator was applicable in  
case study but results have not yet been analysed completely).

 Ukraine Tunisia Uganda

General Description

Habitat Habitat types (total) 11 26 37

Habitat types (per farm) 10 7 6

Plants Species (total) 91 145 249

Species (per farm) 46 26.3 73.5

Earthworms Individuals (total) 2018 not applicable 260

Species (total) 10 not applicable 8 morphospecies

Individuals (per farm) 336 not applicable 16.3

Species (per farm) 8 not applicable 4 morphospecies 

Spiders Individuals 1508 248 not applicable

Species 124 47 not applicable

Individuals (per farm) 251 12.4 not applicable

Species (per farm) 55 6.2 not applicable

Bees  
(Apis mellifera excluded in Ukraine 
and Tunisia)

Individuals 365 60 5629

Species 59 9 133 morphospecies

Individuals (per farm) 61 3 351.8

Species (per farm) 21 1 29.2 morphospecies 

Crop species/varieties  6 / 30 not yet available 17 / 92

Animal species/breeds  not yet available not yet available not applicable

Farm Management  not yet available not yet available not yet available

Indicator Assesment Costs  not applicable not applicable not applicable
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ground of biodiversity indicators for monitoring and the 
potential of participatory approaches for developing 
countries provide a good starting point for developing 
adapted indicators based on the BioBio findings.
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Conclusions and recommendations

The BioBio research project yielded an operational set of 
23 farm-scale biodiversity indicators which emphasise 
state indicators of habitat, species and genetic diversity. 
The project therefore complements existing indicator  
systems such as  IRENA and SEBI as well as national moni-
toring systems. These indicators are the minimum set  
necessary to represent the types, functions and scale of 
activity of different organisms and a further reduction in 
the number of indicators would lead to a substantial loss 
of information.  The BioBio consortium suggests further 
testing and establishment of the indicators during a pilot 
phase, followed by implementation of European-scale 
monitoring in order to provide information on the status, 
direction and rate of change of European farmland bio
diversity.

11.1 Indicator set

In the FP7 research project “BioBio - Biodiversity indicators 
for organic and low-input farming systems”, a core set of 
23 indicators was identified: eight habitat  and four spe-
cies indicators, three indicators for the genetic diversity of 
crops and livestock, and eight farm-management indica-
tors. The indicator set is a result of thorough scientific 
screening and testing in 12 case-study regions with various 
farm types and farming systems across Europe, as well as 
regular stakeholder consultation.

The BioBio indicator set possesses the following features:

–	 It relates to the scale of individual farms;

–	 It focuses on “state indicators” which report on the ac-
tual status of biodiversity; 

–	 Habitat diversity indicators cover the different habitat 
types, their geometry, and their nature;

–	 Species diversity indicators cover the different trophic 
levels and major ecological functions of biodiversity;

–	 Genetic diversity indicators address the diversity of both 
crop species and livestock;

–	 Farm-management indicators relate to external inputs 
(energy, nutrients, pesticides), disturbances (field opera-
tions used in the cultivation of horticultural, arable and 
forage crops) and livestock husbandry. 

Indicators were tested in 12 case-study regions, revealing a 
huge variability of indicator values within regions (i.e. var-
iability between farms) and between regions (owing to 
differences in geography and farm types). The relation-
ships between indicators of the remaining indicator set 
(correlations) also differ significantly between case stud-
ies. Further reduction of the number of indicators would 
therefore lead to a substantial loss of information that 
cannot be substituted by the other indicators. An aggrega-
tion of the indicators into a single index is not recom-
mended owing to the different correlations between the 
indicators (which vary across case-study regions), and was 
explicitly rejected by the stakeholders because of difficul-
ties in  interpreting such an index.  Instead, some of the 
management indicators should be further specified by 
sub-indicators (e.g. Herbicide / Fungicide / Insecticide Use 
in the case of Pesticide Use). 

11.2 Applicability of the indicator set

The 12 case-study regions cover the major geographical 
gradients in Europe (from Mediterranean to Boreal, Atlan-
tic to Continental). Sixteen indicators can be applied to all 
farm types, whilst others are restricted to farms with (i) 
field crops and horticulture, (ii) specialist grazing livestock, 
(iii) mixed crops/ livestock, and (iv) permanent crops. Farm-
ing intensity in case-study regions was low-to-medium (for 
both organic and non-organic farms). The indicators were 
not tested on highly- intensive or industrial crop or perma-
nently housed, animal production farms. 

A tentative application of the indicators in Tunisia, Ukraine 
and Uganda showed that whilst the BioBio approach is 
generally applicable, it would require specific adaptations 
to the scale of the farms in question (large-scale in Ukraine, 
smallholder farms in Uganda), the farm-management and 
socio-economic context (Tunisia and Uganda), and habitat 
classification (Uganda). The poor taxonomic knowledge 
and limited availability of expertise of arthropods further 
restricted the practical application of the full indicator set 
(Tunisia, Uganda). 

11.3 Practicalities

A consistent methodology was developed to collect data 
for each indicator which proved feasible in all European 
case-study regions, and can therefore be recommended 
for further application. Indicator measurement could be 

11 Conclusions and recommendations
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BioBio was primarily a research project with stakeholder 
consultation and feedback. Based on its findings, the pilot 
phase (consisting in the testing of the BioBio approach in a 
selected number of the aforementioned regions) is ready 
to begin. In particular, farm types which have not been 
tested in BioBio, as well as intensive, non-organic farming, 
will require further examination. The results would allow 
us to further adapt the indicator set and to refine and es-
tablish the methodology. Subsequently, a routine moni-
toring programme could be implemented and we recom-
mend a rolling survey of five year frequency composed of 
two years data collection). The precise sampling design of 
farms within regions and types of farm included for moni-
toring would need to be carefully considered and defined. 

The BioBio indicators relate to the farm scale, which has 
the advantage of directly linking driving forces (farm man-
agement) to the status of biodiversity. Also, farmers are 
major decision makers and e.g. policies are addressed to 
them. However, there are also disadvantages to this ap-
proach, including the fact that most farms are not consoli-
dated (scattered land holdings) and that farm ownership 
boundaries are dynamic over time. We therefore recom-
mend supplementing BioBio farm-scale monitoring with 
landscape-scale monitoring in order to obtain comprehen-
sive and consistent information about the status of Euro-
pean farmland biodiversity. 

spread over two years in order to avoid peaks of labour de-
mand and to facilitate the optimal timing of indicator 
measurement in relation to the phenological development 
of flora and fauna. 

The effort required to evaluate the indicators for an aver-
age farm is about 15 person-days, with equal proportions 
of skilled and unskilled labour. Labour accounts for  
approximately 75 % of the total cost, while the remainder 
relates to consumables (equipment, vehicles, etc.) and  
the taxonomic cost of identifying the captured inverte-
brates. 

11.4 Outlook

We recommend using a certain percentage of the Euro-
pean Common Agricultural Policy budget to evaluate the 
effects of the policy. The BioBio indicator set is appropriate 
to evaluate the effects on farmland biodiversity. This as-
pect may gain in importance, since farmland biodiversity 
and ecological focus areas may become part of cross-com-
pliance requirements. More specifically, the indicators can 
be used to evaluate the effects of agri-environmental 
schemes. Based on a regional classification of European 
farms, a European monitoring programme has been de-
signed to apply the biodiversity indicator set and 0.25 % of 
the CAP budget would allow a sufficient number of farms 
to be sampled to represent biodiversity change in those re-
gions and for individual farm types.

Welsh Case Study: Mountain Grassland with Sheep or Cattle,  
or Mixed Upland Farming
Wales is located in the west of mainland UK, with its 
highest mountains lying within the Snowdonia range in 
the north. Further south the topography becomes less 
rugged, although hills remain a key landscape feature, 
with the Cambrian Mountains dominating much of mid 
Wales, and the Brecon Beacons further south. Lowland 
areas are confined mainly to the relatively narrow coas-

tal belts and the valley floors. Altitude, steep slopes, 
high rainfall and poor soils have led to slightly under 80 
% of the agricultural land being classified as Less Favo-
ured Area. As a result, much of the land is devoted to 
grassland farming systems with hefted sheep flocks and 
beef suckler systems.

Number of farms surveyed:  9 organic, 10 non-organic
Average farm size:  143 ha
Average N-Input:  152 kg/ha
Average energy input:  148 kg fuel equivalents
Total number of habitat types:  45 
Total number of plant species:  321
Total number of bee species:  13
Total number of spider species:  159
Total number of earthworm species:  18
Total number of crop species:  12
Total number of crop varieties:  37
Total number of animal species:  2
Total number of breeds:  26
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Professor April McMahon received a very warm welcome from the 
University’s alumni at the annual Eisteddfod reunion hosted by 
the Old Students’ Association and the University.
Professor McMahon addressed an audience of over 250 alumni and friends of the 
University in what was her second public engagement of her first week as Vice-Chancellor.
Speaking in Welsh, Professor McMahon paid tribute to her predecessor Professor Noel Lloyd: 
“Professor Lloyd has made a significant contribution to Aberystwyth University over the 
years. It is important that we recognise this formally, and personally I would like to thank 
him for his warm welcome, his generosity, and his willingness to answer all my questions.”
Speaking of the University, she said: “It is a privilege and an honour to be invited to lead 
and serve the University and I look forward to working with the people who have been 
working to make Aberystwyth such a great place in which to study, work and research.”
“The friendly atmosphere and the willingness of everyone to work for the University 
has made a great impression on me. Both the University and the town are real 
communities, and my family and I look forward to becoming part of both.”
On her very first day in her new role, Professor McMahon welcomed more than 70 
Welsh learners from all corners of the world on the opening day of the Cwrs Haf Awst.
The course, which is aimed at beginners and more experienced learners, is organised 
by the Mid Wales Welsh for Adults Centre and this year welcomed learners from 
America, Brittany, Poland, Germany, Australia, Japan and England, as well as Wales.
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KILDEN – TIL AREALINFORMASJON 
 
 
 
http://kilden.skogoglandskap.no  
 
 
Kilden er Skog og landskap sin kartløsning. Her er alle våre data samlet. Kilden åpner for mange 
muligheter. Markslag, jordsmonn, landskap, beitebruk, skogdata og andre karttema fra Skog og 
landskap er samlet på ett sted. I Kilden kan brukeren selv bestemme hvilke kartlag som skal vises 
og i hvilken rekkefølge. Kartlagene kan gjøres gjennomsiktige for å vise flere heldekkende kartlag 
sammen. Dette gjør at man for eksempel kan se på arealtyper fra AR5 sammen med flybilder, eller 
flybilder tatt i ulike år over samme område og se på endringer. 
 
Bakgrunn 
Tidligere var ikke Skog og landskap sine data samlet i en kartløsning, man måtte hoppe mellom 
forskjellige kartløsninger for å se våre tema. Målet for en ny kartløsning var da å få samlet alle våre 
data i en kartklient, med mulighet for å skru på kartlag fra eksterne kilder. Samtidig ønsket vi å bruke 
open source-programvare, da vi hadde god erfaring med dette, og vi ønsket å gjøre jobben selv.  
 
Valg av programvare 
Kilden er laget ved hjelp av Open Source programvare. Vi har bevisst valgt Open Source for å ha 
fleksibilitet og kontroll selv. Kilden er bygget opp med javascript-bibliotekene openlayers, extjs, 
geoExt og mapFish.  
 
Brukere 
Våre brukere varierer fra ansatte i landbruksforvaltningen til privatpersoner. De fleste brukerne er 
interessert i landbruksfaglige tema, men vi opplever at også andre bruker Kilden for å se på blant 
annet eiendomsgrenser og ortofoto. På grunn av variert kunnskap blant våre brukere er vi avhengig 
av at kartløsningen er forholdsvis selvforklarende og enkel.  
 
Kartløsningen 
Siden er delt opp i et stort vindu hvor kartet vises, og såkalte paneler på venstre og høyre side. 
Vanlige kartverktøy ligger i verktøylinja over kartvinduet. Under fanene “Tips” og “Hjelp” finnes det 
mye informasjon som det kan være verdt å vite før man bruker løsningen.  

 
Kartlag 
Kilden inneholder over 100 kartlag. Ved siden av egne kartlag fra Skog 
og landskap er det også lagt til bakgrunnskart og andre eksterne kartlag. 
De eksterne kartlagene, samt våre egne kartlag, blir hentet via wms (web 
map service – dvs. kartbilder som blir sent “on the fly” ved forespørsel) 
fra forskjellige servere. Bakgrunnskartene er cache-tjenester fra 
Kartverket og Norge i bilder, det vil si at de vises hurtigere enn vanlige 
wms-tjenester.  
 
Under eksterne kartlag finnes det kartlag fra blant annet Riksantikvaren, 
Direktoratet for naturforvaltning, Artsdatabanken, NVE og NGU. 
 
Kort forklaring av kartlag og tema under Skog og landskap: 
 
Markslag (AR5): Viser markslaget i målestokk 1:5 000 
Markslag (DMK): Viser dyrkbar jord fra gammel DMK 
Arealressurskart AR50: Generalisert arealressurskart, tilpasset bruk i 
målestokk 1:20 000 – 1:100 000. 

Menschen an der BOKU
Herbert Hager

12 The BioBio Project Consortium
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Biodiversity Indicators for European Farming Systems

 
The report that lies before you summarises the lessons learnt from the EU FP7 Research 
Project BioBio (Biodiversity indicators for organic and low-input farming systems, KBBE-
227161) conducted between 2009 and 2012. The report is aimed at stakeholders and 
potential users of the indicator set resulting from this research, and is structured as fol-
lows:

In addition, supporting information and all other BioBio Project public reports are 
available at www.biobio-indicator.org.
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ISBN 978-3-905 733-26-6 
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