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ABSTRACT

The impact of agricultural management on global biodiversity highlights the need for farm-scale
monitoring programmes capable of determining the performance of agriculture practices. Yet the
identification of appropriate indicators is a challenging process and one that involves considering a
number of different aspects and requirements. Besides the attention given to scientific effectiveness,
relevant but less studied issues related to biodiversity measurements include the economic feasibility of
monitoring programmes and the relevance of indicators for different end-users. In this paper, we
combine an analytic assessment of costs and a stakeholder-based evaluation of the usefulness of a set of
biodiversity-related parameters (habitat mapping, vegetation, bees, earthworms, spiders, and a farmer
questionnaire) tested for scientific consistency in 12 European case studies and on more than 14,000 ha
of farmland. The results point to the possibility of meeting the expectations of different end-users
(administrators, farmers and consumers) with a common indicator set. Combining costs and useful-
ness also suggests the possibility of designing more efficient monitoring approaches involving private
agencies and networks of volunteers and farmers for the field data collection at different stages of a
monitoring programme. Although complex, such an approach would make it possible to enhance the

effectiveness of available funds for farmland biodiversity monitoring.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Biodiversity is rapidly decreasing and there is a general
consensus that this process will raise severe concerns for future
human well-being (Balvanera et al., 2006; Bommarco et al., 2013;
Brooks et al., 2014). Despite global and national political initia-
tives and public spending on conservation (Hanley et al., 2012),
data gaps hinder the consistent monitoring and interpretation of
the trends in biodiversity change (Tittensor et al., 2014; Walpole
et al,, 2009). This has resulted in the creation of multiple initia-
tives aimed at developing frameworks for monitoring and analysis
(e.g. the Essential Biodiversity Variables; cf. Pereira et al., 2013) and
initiatives for the mobilisation of data (Hoffmann et al., 2014).
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These are robust data-driven scientific approaches; however, this
does not necessarily mean that those who will use this information
feel that these indicators convey the most important information in
an understandable way (Bell and Morse, 2013).

The potential (positive/negative) impacts of agricultural systems
on global biodiversity are widely acknowledged (Tilman et al.,
2001; Kleijn et al, 2009). The political commitment towards
farmland biodiversity and related ecosystems is also demonstrated
in the EU Common Agricultural Policy (CAP, Reg. EU 1305, 1306 and
1307/2013). For instance, Pe'er et al. (2014) estimated that 30% of
the CAP budget is devoted to environmental targets, including
biodiversity (accounting for around €122 billion earmarked in the
current programming period, 2014—2020). Despite various
controversial outcomes arising from agro-environmental policies
targeting farmland biodiversity (Kleijn et al., 2011; Pe'er et al., 2014)
point to the need for improved monitoring programmes (EC, 2011),
and the economic benefits that can be expected from biodiversity
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monitoring have been asserted by a number of authors (Balmford
and Gaston, 1999; James et al.,, 1999; White and Sadler, 2012;
Armsworth et al., 2012), no budget is currently earmarked for the
direct monitoring of the CAP impact on biodiversity. The minor
efforts included in the monitoring and evaluation systems of the
Rural Development Programmes (RDP) in the context of High Na-
ture Value (HNV) farmland constitute an exception, yet such efforts
rely on land use information rather than direct biodiversity in-
dicators (Beaufoy and Cooper, 2009).

Budget constraints are considered one of the major current
limitations to biodiversity monitoring activities (Danielsen et al.,
2005; McDonald-Madden et al., 2011; but see also Geijzendorffer
et al, in press). In this context, raising the awareness of stake-
holders can greatly support the implementation of monitoring
schemes (Bell et al., 2012) while their direct involvement in
monitoring implementation can allow for noteworthy budget sav-
ings (Levrel et al., 2010; Targetti et al., 2014; Theobald et al., 2015).
Therefore, cost efficiency and stakeholder relevance should be
considered in the development of a biodiversity indicator set (Noss,
1990; Rempel et al., 2004; Bockstaller et al., 2009). However, the
identification of an indicator set able to strike a balance between
the requirements and expectations of different stakeholder groups
is a challenge that entails an assessment of what can be realistically
measured to address different objectives in different contexts
(Dudley et al., 2005).

The literature defines four key aspects for the selection of
biodiversity indicators: scientific consistency, practicability, feasi-
bility, and usefulness. Scientific consistency of indicators means
that the indicators provide a reliable estimation of biodiversity, that
they are independent from expert judgment, based on objective
methods, and can be repeated independently of the observer
(Favreau et al., 2006; Rodrigues and Brooks, 2007). Practicability
and feasibility concern the operational requirements of indicator
measurements in terms of effort and budget limitations (Caughlan
and Oakley, 2001; Hagan and Whitman, 2006). Usefulness is
related to the potential of the indicators to convey information to
those actors who are expected to use it (Dudley et al., 2005;
Turnhout et al., 2007; Bell and Morse, 2013). Usefulness of an in-
dicator depends on the relevance of the information conveyed and
therefore depends greatly on the type of audience that is targeted
(Heink and Kowarik, 2010) and its communication potential to the
different end-users that may be interested in the information.

Farmland biodiversity indicators are relevant for policy makers
and administrators when the information supports the decision-
making process e.g. for an efficient design of agro-environmental
measures, and for the setting up of guidelines e.g. in the context
of pesticide and GMO regulation (Firbank et al., 2003; White, 2005;
Zabel and Roe, 2009; Hanley et al., 2012). Also, reporting the
biodiversity status of farms to farmers could lead to the integration
of environmental knowledge into farmers' decision making
(Luescher et al., 2014). By becoming more aware of the functioning
of the ecological sub-systems in which they operate, farmers can
develop the capacity to manage their ecosystem services supply
and motivate the participation in conservation programmes (Page
and Bellotti, 2015). Indeed, improved awareness and understand-
ing would help farmers in the management choices between efforts
for direct producer benefits (e.g. production of marketable goods)
and benefits to the society (e.g. recreation or biodiversity conser-
vation), eventually rewarded by support policies (Vanclay, 2004;
Dale and Polasky, 2007; Bommarco et al., 2013). This is particu-
larly important in the case of complementary jointness between
different bundles of ecosystem services supplied by agricultural
lands (Wossink and Swinton, 2007; Firbank et al., 2012). Farmers
are commonly more motivated to value the flow of ecosystem
services that provide direct on-farm benefits (Zhang et al., 2007),

whereas consumers have also interest in ecosystem services that
are manifested substantially at scales above that of the plot, field or
farm (Swift et al.,, 2004). Therefore, the attachment of environ-
mental added-value to specific agricultural products could poten-
tially reward environmentally friendly practices (e.g. organic
farming; Sutherland, 2011), stimulate the development of “green
farm” brands and generate cooperative behaviour at the landscape
level (Goldman et al., 2007; Cong et al., 2014; Zavalloni et al., 2015).

Whilst there is a large body of literature focussing on the sci-
entific quality of biodiversity indicators (e.g. Favreau et al., 2006 for
a review), a limited number of studies address the relevance of
indicators for different stakeholder groups (e.g. Turnhout et al.,
2007; Bell and Morse, 2013). A recent paper addressing the costs
of farmland biodiversity (Targetti et al., 2014) allows for an analysis
combining the costs of data collection for biodiversity indicators
and the usefulness of information as perceived by different
stakeholders.

In this work, we relate the cost of the measurement of farmland
biodiversity to a stakeholder-based assessment of the relevance of a
set of indicators. The objective of this paper is to assess the po-
tential of a set of biodiversity indicators to respond to monitoring
needs based on: a) their ability to match the expectations of
different end-users (administrators, farmers, consumers); and b)
their cost. This study builds upon: a) a set of biodiversity indicators
tested for scientific consistency in 12 European case studies
(Herzog et al., 2013), b) an evaluation of costs for measuring that set
of indicators (Targetti et al., 2014), and c) the evaluation of the
usefulness of these indicators for different end-users based on a set
of criteria elicited by a stakeholder panel and the concept of
weights rooted in Multi-Criteria Evaluation (MCE) theory.

2. Materials and methods
2.1. Background: elicitation of stakeholders' values

Following Reed (2008), stakeholders can be defined as those
affecting or that can be affected by a decision. In our context, these
are exponents of interest groups, NGOs, land management
agencies, landowners, consumers, etc.

Stakeholder involvement in environmental management is
currently increasing and promoted by local and international
agencies e.g. in the so-called citizen-science approach (e.g.
European Environment Agency, 2013a, 2013b). One main reason for
this trend is that environmental decisions typically encompass
complex, urgent, and uncertain issues involving multiple divergent
interests affecting different interest groups (Gregory and Keeney,
1994; Funtowicz and Ravetz, 1994; Rutgers et al., 2012). Stake-
holder involvement in the decision making process is therefore
considered an affordable and appropriate means for the evaluation
of different alternatives when the collection of “hard” data is
hampered by budgetary and time requirements (Kuhnert et al.,
2010).

Indicators including values and conveying information relevant
for stakeholders are acknowledged to be an effective tool capable
of enhancing the quality, durability, and sustainability of decisions
and are particularly important in the decision making process
concerning agro-environmental issues (Dudley et al., 2005; Reed,
2008). Indeed, the aim of indicators to transfer scientific knowl-
edge into usable knowledge underscores the need to include
stakeholder perspectives from the early phases of the selection
and development of indicators, as well as the importance of pre-
liminary assessments of the usefulness of indicators against a
range of stakeholder needs and expectations (Turnhout et al.,
2007). The assessment of the usefulness of an indicator can
follow two main approaches: An indirect approach e.g. tracing
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back the inclusion of participatory approaches in the indicator
development or assessing the actual utilization of the indicator
(Bell et al, 2012); or a direct approach that evaluate the
respondence of the indicators to a set of stakeholder criteria (e.g.
Chess et al., 2005). The former method provides an objective
evaluation of success but fails to measure the respondence of the
indicators to different expectations and does not provide explicit
directions for improvements to an indicator set. The second
approach gives room for an analytical assessment of the indicators
and allows for the measurement of the performance in relation to
one or more objectives. This approach, though, involves the elici-
tation of stakeholder values based on a solid methodological
background (Martin et al., 2011).

MCE includes a wide range of methods and procedures
developed since the 1970s and designed for the formal integration
of multiple conflicting criteria into the decision making process.
In the beginning, MCE was aimed at supporting a decision maker
in the decision making process. More recently, MCE tools have
been developed specifically to include the elicitation of stake-
holder values in participative approaches (e.g. Participatory Multi-
Criteria Evaluation; Garmendia and Gamboa, 2012; Social Multi-
Criteria Evaluation; Munda, 2004). In general, the aim of MCE is
to model the best solution from a feasible set of possible solutions
or the identification of the most important or most influential
factors impacting on management decisions (Kou et al., 2011).
Conceptually, the target of MCE is the maximization of the utility
or value function for a decision maker, depending on a discrete set
of criteria or attributes (Wallenius et al., 2008)." A central concept
of MCE is the notion of weights, a-dimensional coefficients
attached to a set of n criteria that characterize a specific decision
alternative. Each alternative can be described by an n-dimensional

vector X = (X;, Xj, ..., Xn) composed of n weighted criteria so that
the utility (or value) function U(X) can be compared to other
options.

Relevant issues in MCE are the choice of the weight elicitation
and aggregation procedure (Goodwin and Wright, 2009). The goal
of the elicitation is to define a procedure that suits the objectives
of the research and that is capable of dealing with the typical
biases affecting stakeholder judgments (i.e. groupthink, over-
reaction, overconfidence, advocacy, anchoring, etc.; Martin et al.,
2011).

Aggregation of weights consists of a procedure that synthesizes
the opinions of different stakeholders. The aggregation can follow a
range of methods including procedures based on behavioural ag-
gregation to reach consensus agreements (e.g. the Delphi
approach), or methods based on mathematical combinations of
individual judgments (e.g. simple aggregation like arithmetic or
geometric means, weighted-group means, or more complex rules
such as the singular value decomposition, Gass and Rapcsak, 1998;
or Bayesian-based models, e.g. Kuhnert et al., 2005). Different
weighting and aggregation techniques exist but decisive solutions
for the selection of the most effective practice have not yet been
attained (Bartolini et al., 2011). In practice, the decision context, a
clear articulation of the research structure framing the criteria at
stake and the type of stakeholder knowledge available are crucial
factors that can help the selection of the most appropriate elicita-
tion process (Roy and Stowinski, 2013). Attentive design of the
elicitation process can lead, at the very least, to a level of rigour
comparable to the collection of empirical data (Kuhnert et al., 2010;
Martin et al., 2011).

! Multi-criteria optimization problems, on the contrary, aim to identify the best
solution among a large and potentially infinite set of feasible solutions.

2.2. Objectives of farmland biodiversity indicators and selection
procedure

A set of biodiversity indicators was selected following an itera-
tive approach based on a comprehensive scientific literature review
(Dennis et al., 2012), field-testing (Jeanneret et al., 2012), and
repeated stakeholder involvement (Pointereau and Langevin,
2012). A stakeholder board (the Stakeholder Advisory Board —
hereinafter SAB) composed of 20 members, including representa-
tives of nature protection NGOs, farmer and consumer organisa-
tions, territorial administrations and EU level institutions was
involved in the selection process through three workshops and
internet consultations (cf. Pointereau and Langevin, 2012 for
further details). Audits with 12 local stakeholder groups that pro-
vided comments and insights on the indicators also constituted
part of the selection process.

The selection process started with a stakeholder meeting, dur-
ing which an agreement on broad objectives was reached between
the stakeholders (Table 1).

A literature survey was then carried out, in which hundreds of
potential biodiversity indicators were filtered according to scien-
tific criteria and the broad stakeholder objectives. This process
resulted in a set of 49 indicators (see Appendix A), which passed a
further selection step carried out at the second stakeholder
meeting. To this end, each indicator was characterised in a pre-
liminary fact-sheet to ensure the participants' acquaintance with
the 49 indicators, and opinions were collected through an internet
based questionnaire prior to the second stakeholder meeting. The
results were presented during the meeting, each indicator was
discussed and a set of 41 indicators was deemed valuable for the
field-testing.

The field test was carried out on 192 sampling farms randomly
chosen in 12 case study areas, covering the main European farm
types and located in major bio-geographical regions (14,000 ha
altogether; Dennis et al., 2012). Based on the field results, a final set
of 23 indicators based on the field measurement of 6 parameters
was selected after an information redundancy check (description of
the protocol of measurement of the 6 biodiversity parameters is
reported in the Supplementary material S1). Information on the
scientific consistency, practicability, and feasibility of the 23 in-
dicators was submitted to the stakeholder board together with
comments from the 12 local stakeholder groups for the final se-
lection step (Table 2; Herzog et al., 2013).

Feasibility and practicability were also assessed during the field-
test campaign through a systematic cost/effort data collection. The
cost data collection was aggregated per parameter, as the distri-
bution per indicator of specific resources (labour, consumables and
equipment) was not operational (i.e. resources were spent for the
parameter measurement and not per individual indicator). The six
field-measured parameters were: habitat mapping (HM), vegeta-
tion (V), wild and domestic bees (B), spiders (S), earthworms (EW),
and a farm management questionnaire (Q). The cost collection
procedure was specifically designed to allow for the estimation of
the costs of a regular monitoring programme (Caughlan and
Oakley, 2001). To this end, the simulation of the budgetary re-
quirements of a monitoring programme was based on the empirical
data collected during the field survey, and actual labour costs as
reported in Levrel et al. (2010) and from the authors' discussions
with four consultancy agencies. The cost of the measurement was
estimated by employing a cost function in reference to a “stand-
ardised” farm characterised by the average features of the farms
sampled during the field campaign (i.e. 73 ha, 15 habitat types, 1 h
travel needed to get to the farm) and taking into account the dif-
ferences in labour costs across the EU Member States (see Targetti
et al., 2014 for further details).
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Table 1

Objectives and expectations of biodiversity indicators as perceived by the Stakeholder Advisory Board.

Objective Specification

Assessment of the impact of farming practices As a major component of sustainability, biodiversity provides services for agricultural production and society and

on biodiversity

Support to agro-environmental policy design
and implementation

Labelling of agricultural products

from public spending

mechanisms
Raising consumer awareness
awareness

deserves considerable attention from the wider public
An enhanced knowledge base would help to improve the design of environmental policies and increase societal benefits

Certification and labelling are important levers to sustain biodiversity in agricultural lands through market-based

Consumer awareness of biodiversity and an improved understanding of biodiversity is essential to raise societal

Providing standardized protocols and indicators Uniform and consistent measurement of biodiversity requires standard methods capable of assessing biodiversity across

throughout Europe

different farm types, systems and geographic scales

Table 2

Farmland biodiversity indicators as proposed by Herzog et al. (2013) for the measurement of European farmland biodi-
versity. The grouping into parameters follows the logic of data collection, i.e. the data for all indicators of a parameter can
be recorded together. For instance, the parameter “Questionnaires” groups both farm management and genetic diversity

indicators.

Parameter

Indicators

Habitat (HM)

Vascular plants (V)

Wild bees and bumble bees (B)
Earthworms (EW)

Spiders (S)

Questionnaires (Q)

Habitat richness

Habitat diversity

Average size of habitat patches

Length of linear elements

Crop richness

Percentage of farmland with shrubs
Percentage of farmland with trees

Percentage of semi-natural habitats

Number and amount of vascular plant species
Number and amount of wild bee and bumblebee species
Number and amount of earthworm species
Number and amount of spider species
Number and amount of different breeds
Number and amount of different varieties
Origin of crops

Total direct and indirect energy input
Intensification/extensification (expenditures on inputs)
Area with use of mineral nitrogen fertiliser
Total nitrogen input

Frequency of field operations

Pesticide use

Average stocking rate

Grazing intensity

The cost simulation was performed taking into account three
different strategies that could potentially be implemented: (i) sub-
contracting to private agencies, (ii) set-up of farmer networks, and
(iii) involvement of volunteers. While the involvement of private
consultant agencies is the usual approach of public bodies through
calls for tenders, (see e.g. LUCAS, Eurostat, 2013), the rationale of
the involvement of farmers and volunteer networks lies in the
growing interest in bottom-up strategies that seek wider societal
involvement in conservation (Devictor et al.,, 2010; Conrad and
Hilchey, 2011; EEA, 2013a, 2013b). In the farmer involvement
strategy, travel costs are excluded and the average person day cost
of a farmer is hypothesised as a reasonable incentive to carry out
the field activities of the species parameters (V, B, S, and EW) and
the farm questionnaire (Q). In the volunteer involvement strategy,
the reimbursement of consumables, vehicle and equipment costs
are envisaged for the field collection of the fauna parameters and
the identification of species (B, S, and EW), whereas labour is free.
In both the farmer and volunteer strategies, technically complex
activities, such as habitat mapping and deskwork, are performed by
private agencies as in strategy “i”. In the farmer strategy, the
identification of fauna species is also performed by private
agencies. The costs for training and any post processing activities
required to obtain adequate data quality were not considered in the
cost analysis.

2.3. Usefulness of the biodiversity parameters: evaluation
framework

While scientific consistency, practicability, and feasibility were
tested in the field, the evaluation of usefulness was performed
through a stakeholder questionnaire aimed at assessing the rele-
vance of the final indicator set for three end-user types: adminis-
trators, farmers and consumers. To this end, the stakeholder board
devised ten usefulness criteria during the 2nd meeting (Table 3).

A weight elicitation procedure was performed to derive a set of
weights for the six biodiversity parameters p taking into account:
(a) the relevance of the parameters on the ten usefulness criteria c,
and (b) the relevance of the criteria for the three end-user types u.
Therefore, an evaluation framework consisting of two distinct
phases was developed (Fig. 1): Weighting of the relevance of pa-
rameters along the criteria (phase 1), and weighting of the rele-
vance of the criteria for the different end-users (phase 2).

The evaluation was performed through an ad-hoc questionnaire
delivered to the SAB in 2011 after the 3rd stakeholder meeting (the
questionnaire is available in the Supplementary material S2). The
questionnaire included 30 score judgments for each end-user type
(overall 90 judgments per stakeholder) and was composed of two
distinct parts: The first part concerned the analysis phase 1 and
included 10 questions (e.g. “In your opinion, what is the relevance
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Table 3

Usefulness criteria of farmland biodiversity indicators devised by the Stakeholder Advisory Board. The specification is the result of a synthesis of the opinions expressed during

the board meetings.
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N. Stakeholders' usefulness criteria

Specification

1 Understandable and flexible

Appropriation by farmers

Appropriation by consumers

Appropriation by administrators

Integrate emblematic species

Assess farmer progress (agro-environmental project
progress)

7 Assess agricultural policies

8 Adapted to all types of farming

DU WN

9 Applicable at different scales (field, farm, landscape)
10 Account for functional biodiversity towards

Indicators should convey easy-to-understand information on the biodiversity status and capture numerous

biodiversity-related issues

Indicators should meet farmers' expectations and needs

Indicators should meet expectations and needs of consumers of agricultural products
Indicators should meet administrators' expectations and needs

Indicators should convey information regarding emblematic species (e.g. species which appeal to the public)

Indicators should be sensitive to measure environmental progress at farm level

Indicators should be sensitive to measure the effectiveness of agricultural policies

Indicators should be able to assess biodiversity of different farm types (i.e. arable farming, animal husbandry,

etc.)
Indicators should be able to assess biodiversity at field, farm, and landscape scale

Indicators should fit to the assessment of functional biodiversity and provide information regarding ecosystem

ecosystem services services
Group C: End-users Administrators Consumers Farmers
Phase 2
Stakeholders’ criteria vs.
end-users
A Snes agricainnal i 'Accc'mm for finctional Assess ﬁxmer progress
e biodiversity towards ecosystem and agri-environmental
P services project progress
Group B: Usefulness ‘?ndap = Approp T’mnon In(egme- Appropriation
criteria types of by emblematic H
farming administration species :
Applicable at Unde dabl App
different scales and flexible by consumers
Phase 1
Biodiversity parameters vs
stakeholders’ criteria
> Wild and
Group A: Biodiversity Habitat = : . - : : .
parameters mapping Vegetation domestic Earthworms Spiders Questionnaires

bees

Fig.1. Evaluation framework. The elements included in the analysis are divided into three groups (biodiversity parameters, usefulness criteria devised by the stakeholders, and end-
user types). Two phases of analysis are considered: Phase 1 addressing the evaluation of the parameters along the criteria, and phase 2 addressing the evaluation of the relevance of

the criteria for the end-users.

of biodiversity parameter p according to criterion c?”). The second
part was a cross-table concerning the analysis phase 2 (e.g. “What is
the relevance of criterion c for the end-user u?”). At least one
questionnaire from each stakeholder affiliation group was returned
yielding 11 questionnaires overall (rate of return 0.55; Table 4). An
analysis of variance (ANOVA) was performed to identify statistical
relevance of the differences of judgments expressed by the stake-
holders affiliated to the different groups. Finally, confidence in-
tervals of the average usefulness of the parameters were also
estimated by means of bootstrapping. Each judgment set (i.e. 11
judgments) was resampled with 1000 random replicates with
replacement. Lower and upper confidence interval (set at 2.5% and
97.5% respectively) of the 1000 replicate averages was then esti-
mated (i.e. 1000 replicates per 90 judgments) to evidence

Table 4
Number of questionnaires returned from the stakeholders of each organisation type.

overlappings between the usefulness scores of the biodiversity
parameters.

The questionnaire was based on direct rating and an absolute
scale of measurement. In the first analytical phase, the stakeholder
was asked criterion-wise to identify the most relevant parameter in
relation to the criterion and to attribute a maximum score (i.e. 9) to
that element. Then, relative values from O (totally unimportant) to 9
(absolutely important) were attributed to the other parameters.
Equal scores were allowed. The absolute scale was adopted
following the empirical work of Saaty (2005; see also Miller, 1958),
which demonstrates the pertinence of the nine-point scale to
cognitive processes and its ability to capture the individual's in-
tensity of preference with a moderate cognitive effort from the
respondent. The zero value was specifically added in the present

Affiliation type

Representatives on the stakeholder board (No)

Questionnaires returned (No)

NGO Nature protection and environment
NGO Consumer association

Farmer organisation

Territorial and national administration
Farmer adviser and agrarian institute

EU institutions

AN W W=

- NNDN =W
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analysis to include the total absence of importance, which was not
necessary in the original procedure based on pairwise comparisons
(Harker and Vargas, 1987; Bartolini et al., 2011). The aggregation of
the individual judgments was performed by way of the arithmetic
mean. The arithmetic mean is the most straightforward method
that allows considering each individual judgment of the same
importance and can be used when the elicitation is independent
(i.e. stakeholders filled-in the questionnaires separately) (Forman
and Peniwati, 1998). The set of individual judgments concerning
the relevance of the parameters on the criteria (phase 1) was
aggregated and normalized on the maximum score value (i.e. 9)

2 Whe 1
Wp‘ c = T* § (1)
where W), . = biodiversity parameter score on criterion ¢ from
analysis phase 1; s = stakeholder; ¢ = criterion; p = biodiversity
parameter; n = number of individual judgments (i.e. 11).

To highlight the possible occurrence of compensatory effects
between the criteria (i.e. the very good performance of a parameter
on a criterion that offsets the very bad performance on another
criterion so that the best performing parameter on average may not
fit into one or more specific criteria; see Garmendia and Gamboa,
2012; Choo et al., 1999), a cluster analysis was also performed
(Euclidean distance, Ward aggregation method; R Development
Core Team, 2012). The cluster analysis was performed to highlight
groups of criteria according to the vectors of the six parameter
scores and hence to highlight specific correspondences between
criteria and parameters (Eq. (1)).

In the analysis phase 2, the stakeholders were asked to score the
relevance of the criteria in relation to each end-user type using the
same 9 + 1 scale of measurement. Similarly, the arithmetic mean
was used to aggregate the set of individual judgments concerning
the relevance of the criteria for the end-users and using the sum of
values as a normalizing coefficient

wax.c
s

n

Weu = m (2)

where W, ,, = criteria score for end-user u from analysis phase 2.

The overall usefulness of parameter p for the end-user u was
finally calculated as the product of the weights W), "W, (Egs. (1)
and (2)), Then, the normalized value of the product was used to
express the relative usefulness of each parameter in respect to the
full parameter set. The multiplication is coherent with the structure
of the evaluation framework where the usefulness of the parame-
ters is dependent on both the relevance across the criteria and the
relevance of the criteria across the end-users.

To identify the best monitoring strategy according to costs and
usefulness, the results of the stakeholder evaluation was plotted
against the costs. The costs of the biodiversity parameter mea-
surement, according to the different strategies, are presented in
Table 5.

The cost and usefulness of indicators were integrated by
computing the cost/usefulness ratio. The result was considered as a
“cost of usefulness” parameter that was used to compare different
parameter sets and strategies.

3. Results

In general, the opinions expressed by the stakeholders did not
highlight significant differences between the considered affiliation
groups (ANOVA results are reported in the Supplementary material
S3). Major differences were evidenced for the spiders and farm
questionnaire parameters (p < 0.01) in connection to the criteria
“Account for functional biodiversity towards ecosystem services”
(spiders), and “Assess agricultural policies” and “Applicable at
different scales” (farm questionnaire).

The cluster analysis yielded four groups of criteria (Fig. 2).
Applicability-related criteria (“Adapted to all types of farming” and
“Applicable at different scales”) were grouped together in cluster 4,
which was the most differentiated group in the dendrogram. The
other three clusters appeared to be linked to specific end-users as
each of them included a specific “appropriation” criterion, i.e.
“Appropriation by farmers” in cluster 1, “Appropriation by admin-
istration” in cluster 2 and “Appropriation by consumers” in cluster
3. Furthermore, the dendrogram structure pointed to a more
evident difference between cluster 3, and clusters 1 and 2.

The scores of HM, V, S and EW did not show any significant
differences across the clusters (Table 6; scores of the six parameters
in relation to the stakeholder criteria are reported in the
Supplementary material S4). In fact, while the parameters “Habitat
mapping” and “Vegetation” ranked in the first positions, “Earth-
worms” and “Spiders” ranked in the last two positions across all
clusters. On the contrary, the parameters “Questionnaire” and
“Wild and domestic bees” showed significant differences and
higher scores in relation to the “applicability” cluster and the
“consumer” cluster respectively.

On average, the criterion “Understandable and flexible” ranked
by far as the most relevant criterion with no statistical differences
across the three user categories (Table 7). Indeed, the distance
between the first and the second ranked criterion (i.e. “Adapted to
all types of farming”) was higher than the distance between the
second and the least important criterion (i.e. “Account for func-
tional biodiversity towards ecosystem services”). As expected, the
three “appropriation” criteria ranked first in the respective actor
types (e.g. “appropriation by farmers” ranked first for the farmer
category) highlighting statistical differences between the user
categories (p < 0.001). It is also worth noting that the appropriation
criteria related to the other users were at the bottom level of the
importance scale for each user (e.g. appropriation by consumers
and administrators were the least important criteria for the farmer
category). In general, the criteria ranking was rather similar in the
administrator and farmer categories, whereas greater differences
could be noticed between these two categories and the consumer
category. For instance, the second-best criterion for consumers was
“Integrate emblematic species”. This criterion was ranked in the
last positions for both administrators and farmers (i.e. 9th and 8th
respectively, p < 0.001). Similarly, “Assess farmer progress and agri-

Table 5
Estimated costs of the biodiversity parameter measurement. Source: Targetti et al., 2014.
HM (€) vV (€) B(€) S(€) E(€) Q(e) Total (€)
Strategy A (professional agency-based) 894 1006 1438 1993 2332 513 8175
Strategy B (farmer-based fieldwork) 548 493 600 1196 1291 251 4380
Strategy C (volunteer-based species sampling) 894 1006 66 88 107 513 2674
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Fig. 2. Cluster dendrogram of the usefulness criteria. The clusters show groups of criteria with similar scores on the biodiversity parameters as indicated by the stakeholders'

questionnaires.

Table 6

Average scores of the biodiversity parameters in the 4 clusters. Values in brackets show the standard deviations. The parameters are presented in decreasing score order. The
highest values per cluster are in bold, and the lowest in italics. MAD (median absolute deviation, Mac Nally, 2007) is the median of the absolute differences from the median.

ANOVA F value test; **p < 0.01; ***p < 0.001; ns = not significative.

Cluster 1 (%) MAD Cluster 2 (%) MAD Cluster 3 (%) MAD Cluster 4 (%) MAD Average
Habitat mapping (HM) 8 (24) 7.2(2.3) 1 6.2 (3.0) 2 79 (2.3) 0 6.9 ns
Vegetation (V) 6 (2.3) 1.5 6.3 (2.3) 1 7.2 (1.8) 2 6.5(2.3) 1 6.7 ns
Farm questionnaire (Q) 1(3.3) 6.7 (2.9) 2 4.1 (2.8) 1 7.5(1.5) 2 6.0 e
Wild and domestic bees (B) 9(2.7) 2 4.8(2.2) 2 6.9(2.3) 2 5.4(2.6) 3.5 58 .
Earthworms (EW) 4(3.0) 2.5 4.2(2.5) 2 45 (2.8) 2 45(3.3) 3 44 ns
Spiders (S) 4(2.1) 1 3.7(2.1) 2 4.0 (2.5) 3 4.6 (3.3) 1 3.9 ns
Table 7

Average scores of the usefulness criteria in relation to the different users. Values in brackets report the standard deviations. MAD (median absolute deviation, Mac Nally, 2007)
is the median of the absolute differences from the median. ANOVA of the differences between the user categories: F value test; *p < 0.05; **p < 0.01; ***p < 0.001; ns = not

significative.

Administrators Farmers Consumers Average

Mean MAD Mean MAD Mean MAD
Understandable and flexible 7.9(1.4) 0 8.5(0.9) 0 7.3 (1.6) 2 7.9 ns
Adapted to all types of farming 6.9 (2.9) 1 74(1.7) 1 5.4 (2.5) 2 6.6 ns
Appropriation by farmers 5.7 (2.2) 1 8.8 (0.6) 0 43 (1.4) 1 6.3 ok
Appropriation by consumers 4.6 (2.2) 1 4.82.1) 2 9.0 (0.0) 0 6.2 o
Assess farmer progress and agri-environmental project progress 6.9 (1.9) 2 6.9 (2.1) 1 49 (2.4) 1 6.2 *
Applicable at different scales (field. farm. landscape and Europe) 7.1 (2.6) 1 6.0 (2.4) 1 5.1(2.5) 3 6.1 ns
Assess the agricultural policies (AEM, Biodiversity Action Plans, cross-compliance...) 7.3 (2.5) 1 6.3(1.8) 1 44(2.2) 3 6.0 *
Integrate emblematic species 48(1.8) 1 5.1(24) 2 79 (1.4) 1 5.9 e
Appropriation by administration 8.5(1.0) 0 4.8 (2.4) 2 3.6(2.1) 2 5.6 e
Account for functional biodiversity towards ecosystem services 5.6 (2.0) 1 5.2(2.0) 2 53(1.3) 1 54 ns

environmental project progress”, and “Assess agricultural policies”
were more relevant for the administrator and farmer categories in

comparison to the consumer category (p < 0.05).

The average weights of the six biodiversity parameters across

the three user categories ranged between 0.43 (for “Spiders”) and
0.77 (for “Habitat mapping”) (Table 8). The bootstrap analysis did
not evidence any overlappings between the upper and lower con-
fidence intervals between the biodiversity parameters (the
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bootstrap results are reported in the Supplementary material S5).
“Habitat mapping” showed the highest relevance and “Vegetation”
was the second best parameter in all of the user categories, whereas
the weights of the parameters “Spiders” and “Earthworms” were
the lowest across all users. There were major differences in the
consumer category where the weights of HM and V were particu-
larly close and B ranked better than Q.

Following the average parameter ranking in Table 8, the costs of
different sets is plotted against the relative usefulness of each set
(Fig. 3). On the x-axis, the cumulated “usefulness”, as resulting from
Table 8, is indicated for “Habitat mapping” (set 1), for “Habitat
mapping” + “Vegetation” (set 2), etc. In the full set case, the cost
estimated for the private agency strategy was by far the highest,
whereas the volunteer strategy cost was the lowest. Farmer
involvement allowed for the lowest cost per unit of usefulness up
until set N. 4 (which provides more than 75% of cumulated use-
fulness). Furthermore, in sets N. 1, 2 and 3, the marginal cost of
usefulness was rather stable in all of the three data collection
strategies (i.e. the variation of the cost per unitary variation of
usefulness is close to zero as shown by the slope of the lines),
whereas a strong increase in marginal costs can be seen going from
set 3 to the full set for the private and farmer data collection stra-
tegies. On the contrary, marginal costs were generally decreasing or
equal to zero for the volunteer data collection strategy from set N. 3
to the full set (i.e. the slope of the line is = 0).

4. Discussion

Matching the evaluation of costs and expectations of end-users
allowed to highlight the potential of different biodiversity param-
eters and related indicators to convey ecological information effi-
ciently. Budgetary limitations often hamper the implementation or
continuation of many monitoring programmes (McDonald-
Madden et al., 2011), and failing to provide an exhaustive analysis
of costs and benefits can exacerbate this problem (Targetti et al.,
2012). The objective of the analysis was, however, not to reduce
the full parameter set which was developed as a baseline capable of
meeting scientific requirements for an effective biodiversity
monitoring programme (Herzog et al., 2013). The analysis provided
in this paper suggests how the monitoring of farmland biodiversity
can be attractive to different end-users and explore different
funding strategies.

The main limitation of this work is the relatively low number of
questionnaires on which the results are based. Even though results
would benefit from the involvement of a greater number of experts,
several existing studies are based on comparable numbers of
questionnaires (e.g. Kuhnert et al., 2010; Gregory and Keeney, 1994;
Mac Nally, 2007; Redpath et al., 2004; Ananda and Herath, 2009).
Moreover, the possibility of collecting the opinions of committed
and well-informed stakeholders that were deeply involved during
the indicator selection procedure presented a unique opportunity.
By combining their involvement in the selection process and their
different professional backgrounds (e.g. administration, farming or

Table 8
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Fig. 3. Trends of cost vs. relative usefulness attached to different parameter set-ups
and for different monitoring strategies (private agency, farmer and volunteer strate-
gies). The parameter set N. 1 includes HM; set N. 2 HM and V; set N. 3 HM, V and Q; set
N. 4 HM, V, Q, and B; set N. 5 HM, V, Q, B and EW.

consumer organisations), they can be considered to be a rigorous
and valuable panel for the quantitative assessment of the useful-
ness of biodiversity parameters in connection to potential end-
users. The fact that only minor differences were identified in the
opinions expressed by the stakeholder affiliation groups may be
related to the low number of questionnaires, but may also stem
from the long selection procedure (including the three meetings)
that allowed stakeholders to exchange opinions and ideas and
contributed to the reduction in differences between the judgments.

The habitat mapping, vegetation, and questionnaire parameters
ranked in the first positions along the 4 criteria clusters. Major
differences were highlighted in cluster 3 related to emblematic
species and functional biodiversity, together with appropriation by
consumer criteria. In that case, the top rated parameters were V and
B. This finding indicates how conveying biodiversity information to
consumers of agricultural products may require more specific
biodiversity parameters in comparison to other end-users, perhaps
showing a preference for indicators that are easily noticeable or
visible or with a more straightforward connection with
biodiversity.

Nevertheless, a common set of parameters seemed to meet the
expectations of all of the different end-users. Indeed, four param-
eters (HM, V, Q and B) out of the six analysed would make it
possible to cover more than 75% of the usefulness of the full
parameter set and to reduce the budget requirement by more than
50% in the case of the private agency data collection strategy. Ac-
cording to other works (e.g. Gardner et al., 2008), this is due to the
fact that the high performance parameters were also the least
expensive (referring to the private costs). On the other hand, costs
cannot be the only factor for parameter selection. For instance, the
farm questionnaire would rank as the best performing parameter if
one considers the usefulness/cost ratio. However, Q can only deliver

Weights attributed to the usefulness of the biodiversity parameters in relation to the end-users. Parameters are reported in decreasing order of average usefulness.

End-user categories Average Normalized average (%)
Administration Farmers Consumers

Habitat mapping (HM) 0.780 0.774 0.757 0.771 21

Vegetation (V) 0.733 0.736 0.751 0.740 20

Farm questionnaire (Q) 0.682 0.678 0.634 0.666 18

Wild and domestic bees (B) 0.625 0.636 0.664 0.641 17

Earthworms (EW) 0.490 0.494 0.489 0.491 13

Spiders (S) 0.433 0.431 0434 0.433 11
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information about farm management practices and the genetic
diversity of crops and husbandry animals (Last et al., 2014). It does
not inform about the actual status of farmland habitats and species,
which needs to be recorded in the field. The joint analysis of
biodiversity status records and farm management practice in-
dicators then makes it possible to investigate relations between
causes (e.g. pesticide application) and effects (e.g. number and type
of plant species). However, in our analysis the range of usefulness
scores of the six parameters was less relevant in comparison to the
cost differences between the three data collection strategies. In fact,
the marginal costs were clearly divergent between the private and
volunteer strategies as soon as faunistic indicators were added to
“Habitat mapping”, “Vegetation”, and “Questionnaire” (from set N.
3 onward). Therefore, the cost of the measurement -and even more
the marginal costs than the usefulness rank- ended up being the
factor with the most relevant impact on the identification of the
high performance parameters.

Our findings also point to the possibility of designing efficient
monitoring programmes based on a mixed approach, such as
farmer engagement for the field data collection of the “Vegetation”
and “Questionnaire” parameters and volunteer networks for the
fauna parameter sampling. Though relevant, this possibility may be
hindered by several drawbacks that require attentive evaluation.
For instance, the exchange of information may be logistically
complex and training may be required hence entailing further costs
that may ultimately exceed savings. Moreover, additional post
processing and quality control activities and a more intense sam-
pling density are likely required to cope with the variability intro-
duced by the multitude of observers used in the farmer and
volunteer strategies. Yet the main limitation of the bottom-up ap-
proaches is likely related to the need for further research capable of
assessing the willingness of farmers and volunteers to participate in
such programmes and to account for the additional benefits that
bottom-up approach allows (e.g. Dickinson et al., 2010; EEA,
2013b).

Findings of Liischer et al. (2014) show that the vegetation
parameter is one of the most appropriate parameter for delivering
reliable information to farmers. In line with that work, our evidence
seems to support that the V parameter (together with HM, which is
required for the sampling design) is able to combine scientific
effectiveness, economic feasibility and usefulness for farmers.
Moreover, the vegetation parameter is one of the top-ranked
parameter for delivering information to administrators and con-
sumers. The trend of marginal costs also highlights that adding the
“Questionnaire” parameter to “Habitat mapping” and “Vegetation”
is convenient with respect to the cost per unit of usefulness. Indeed
this set of farm management, habitat and plant species parameters
is commonly employed in existing biodiversity monitoring pro-
grammes (e.g. the Countryside Survey — www.countrysidesurvey.
org.uk; NILS). Implementation of the fauna parameters would,
however, be necessary to reach a comprehensive insight. The
marginal cost trends suggest that the recording of “Bees”, “Spiders”
and “Earthworms” could make use of voluntary networks to
maximise the efficiency of the monitoring programme. It should be
investigated, however, whether, to achieve similar coverage of the
existing bird and butterfly monitoring efforts, it is feasible to set-up
similar networks of volunteers interested in the sampling of bees,
spiders, and earthworms (Levrel et al., 2010; Schmeller et al., 2012;
EEA, 2013b).

5. Conclusions
As stated by Spangenberg et al. (2014), “Conservation without

budget is just conversation” (Spangenberg et al., 2014, p. 31). Even if
a budget is available for biodiversity measurement, it will

inevitably be limited, hence, making it essential that public funds
are spent as effectively as possible. In addition, overlooking end-
user expectations may hamper the effectiveness of monitoring
schemes which would likely result in opportunities for public
support and other funding sources being missed. Therefore,
knowledge and information about biodiversity and the capacity of
indicators to bridge the scientific discourse to the wider society and
specific key actors are necessary features for a reliable and enduring
evaluation of biodiversity trends.

An assessment of cost/usefulness trade-offs should be comple-
mentary to an analysis of the effectiveness and the scientific reli-
ability of the indicators. Very often, the usefulness of biodiversity
indicators is neglected by the scientific literature. Certainly, the
focus on reliable ecological quantification is an essential part of any
biodiversity indicator evaluation. At the same time, situations in
which available funding for biodiversity monitoring is inadequate
may occur independently of the scientific reliability. In this case,
information on costs and usefulness is likely to enhance the
effectiveness of the programme and will provide more consistent
justification to public expenditures.

Our analysis points to the need for further research on the
marginal costs of information and the selection of indicators based
on a differentiated array of aspects (e.g. usefulness, feasibility,
together with scientific consistency; Noss, 1990; Chess et al., 2005;
Turnhout et al., 2007) as a valuable and intelligent approach to the
design of efficient monitoring programmes. Such an analysis makes
it possible to implement and explore mixed strategies involving
different kinds of actors (private agencies, farmers and volunteers)
at different levels and stages that are able to maximise the envi-
ronmental benefits that can be achieved with available funds.
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Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
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Appendix

49 potential farmland biodiversity indicators which were evaluated
by the Stakeholder Advisory Board (2nd meeting).

A. Genetic diversity indicators

A1) Number and amount of different breeds per species*

A2) Information on breeding practices (“on-farm” bull, artificial
insemination,...)

A3) Where available: pedigree of the herd

A4+ A5) Number, amount and origin of different cultivars/
landraces/accessions per species®

A6) Information on seed propagation practices (on farm multi-
plication, sharing with neighbours etc)
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A7) Where possible: description of the cultivars based on IPGRI
descriptors (through the farmer)

A8) Where available: pedigree information on the cultivars
grown

A9) Where available number and amount of different cultivars
A10) Information on seed propagation practices and amount of
re-seeding

B. Species diversity indicators

B1) Flowering plants of cultivated forage and food crops *
B2) Flowering plants of semi-natural habitats*
B3) Lepidoptera — butterflies

B4) Earthworms*

B5) Hymenoptera — ants

B6) Bird species richness

B7) Small mammals

B8) Araneae —spiders*

B9) Hymenoptera — bees and wasps*

B10) Carabid beetles

B11) Dipterasyrphidaehoverflies

B12) Bat activity

C. Habitat diversity indicators

C1) Habitat patch density

C2) Habitat richness*

C3) Habitat diversity*

C4) Number of crops in rotation*

C5) Percentage area of arable land

C6) Percentage area of permanent grassland

C7) Percent of tree cover*

C8) Cover of shrub layer*

C9) Availability of nitrogen, humidity, etc.

C10) Weeds in crops

C12) Vegetation composition: Share of valuable habitats*
C13) Linear elements: Hedgerows; grassy strips between fields;
streams, rivers & lakes; stone walls, terrace walls*

C14) Multispecies grassland swards

C15) Grassland quality

D. Farm management indicators

D1) Diversity of enterprises at the farm

D2) Average stocking rates (livestock units/ha) on farm*

D3) Area of land without use of mineral-based fertilisers *
D4) N-input*

D5) Input or direct and indirect energy for crop production*
D6) Certified as Organic

D7) IRENA Indicator 1: Area under agri-environment support
D8) IRENA Indicator 15: Intensification/extensification*

D9) Pesticide Use — Treatment Frequency Indicator*

D10) Area of land without/with reduced use of chemical
pesticides

D11) Frequency and timing of field operations*

D12) Grazing intensity*

*Indicators which were retained after field testing and which are
part of the BioBio indicator set (either as such or slightly modified;
www.biobio-indicator.org).
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