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Preservation and sustainable use of biodiversity brings multiple health, societal and economic benefits, including
life-supporting services. Biodiversity indicators are important in framing the benefits of conservation and
management programs and monitoring progress toward their outcomes. Biodiversity indicators therefore provide
useful tools for policymakers in helping to communicate the benefits of conservation to society but also in
garnering public support for conservation. This research aimed to help improve our understanding of the role of
biodiversity indicators in the way that they influence preferences towards conservation programs. A discrete
choice experiment was used to estimate relative societal preferences towards multilevel dimensions of biodi-
versity in relation to the conservation of pine forests in the Spanish Iberian Peninsula. Results show that (i) the
level of biodiversity indicator (within species, between species and within ecosystems) matters, (ii) indicators
related to the biodiversity within ecosystems are valued the most, and (iii) the use of several biodiversity in-
dicators together is generally better at delivering benefits to society, but the value of these is reduced where there
is redundancy between them. Overall, the most preferred indicators were the area of land covered by the con-
servation project, the status of keystone ecosystem components, and the number of native species. Some in-
dicators such as invasive alien species and genetic diversity are least preferred and may be less helpful to how
conservation efforts are perceived by the citizens. By careful consideration of which biodiversity indicators to
use, policymakers and conservation managers can maximize societal acceptability of public investments in
conservation efforts.

1. Introduction biodiversity and an extensive literature defines a wide set of indicators

to gather it (Pereira et al., 2013). Biodiversity indicators are essential to

Preserving and restoring biodiversity is a necessity for societies in the
context of the biodiversity and climate crises (Diaz et al., 2020).
Biodiversity underpins the resilience of ecosystems contributing to
secure the flow of multiple benefits from ecosystem services, including
human health protection (Mace et al., 2012; Cardinale et al., 2012;
Kilpatrick et al., 2017; Diaz et al., 2020), crucial under the uncertainties
of changing global environmental conditions (Finger and Buchmann,
2015; Martin-Lopez et al., 2007; Millar et al., 2007). However, biodi-
versity is a complex term with many attributes and acceptations in
ecology (Hamilton, 2005; Mace et al., 2012). This complexity means
that no single ecological indicator captures all the dimensions of

reinforce successful conservation policies and improve the detection of
significant changes in global biodiversity. They play a surveillance role
in monitoring the status and trends of biodiversity towards agreed po-
litical targets (Butchart et al., 2010; Turak et al., 2017; Mace et al.,
2018), can guide decision making by generating predictions on potential
impacts of alternative policy options (Collen and Nicholson, 2014;
Costelloe et al., 2016), and allow for rigorous evaluations, characterized
by causal mechanisms, of how the implementation of conservation
policies made a significant difference in biodiversity (Ferraro and Pat-
tanayak, 2006; Fisher et al., 2014; Baylis et al., 2016). However,
selecting appropriate indicators to focus on for this range of operational
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uses is not straightforward (Heink and Kowarik, 2010; Otto et al., 2018),
and conservation programs can be adversely affected if their objectives
and approaches are in conflict with societal preferences (Tanentzap
et al., 2009). Here, we contribute to this literature by focusing on the
indicators ability to trigger public interest in supporting conservation
programs.

There is a substantial body of the literature that employs environ-
mental valuation techniques to estimate the effects of changes in
biodiversity on individuals’ well-being to inform decision-making
(Hanley and Czajkowski, 2019; Hanley and Perrings, 2019). Most
often, this literature uses one indicator of biodiversity, typically, species
richness or species abundance, to provide evidence on the social benefits
of biodiversity by examining the choices people make between different
levels of species conservation and the cost of provision (Bartkowski
etal., 2015). There are also some works that focus on valuing multi-level
changes in the characteristics of biodiversity itself (Nunes and van den
Bergh, 2001; Christie et al., 2004; Czajkowski et al., 2009; Finger and
Buchmann, 2015; Laurila-Pant et al., 2015; Bartkowski, 2017). These
studies show that people’s preferences for protecting biodiversity
depend not only on how the policy is delivered (Austin et al., 2014;
Martinez-Jauregui et al., 2020), but also on the perceived consequences
of the policy, for example whether the outcome is framed in terms of
habitat restoration versus habitat creation (Christie et al., 2006), which
natural ecosystem processes and components such as dead wood, nat-
ural ponds, and clearings, are enhanced (Czajkowski et al., 2009), and
what role biodiversity is perceived to play in relation to ecosystem
services supplied (Martinez-Jauregui et al., 2019). Overall, this suggests
that people are concerned with the way in which biodiversity change is
delivered; and the protection or enhancement of a particular biodiver-
sity indicator is an important element of the perceived value attached to
an environmental protection program.

Here, we evaluated how people respond to the process of ‘labelling’
conservation programs based on a range of biodiversity performance
indicators. In particular, we investigated the effect of using different
indicators on the values people place to support biodiversity conserva-
tion programs using a discrete choice experiment. Following the defi-
nition of biodiversity given by the Parties to the Convention on
Biological Diversity, we defined biodiversity at three levels of organi-
sation and chose two common indicators used in the literature per each
level, thereby exploring the economic preferences towards attributes of
biodiversity in a more comprehensive manner than previous research.
Finally, we recognised that conservation interventions often strive to
achieve multiple biodiversity targets and at multiple scales, and that the
independence between multiple ecological indicators cannot be guar-
anteed. Hence, we conducted a follow-up analysis of how survey re-
spondents processed the decision of selecting a set of indispensable
indicators and their preferences for a unique performance indicator.

2. Material and methods

A discrete choice experiment establishing a hypothetical market to
value environmental changes (Carson and Louviere, 2011; Johnston
et al.,, 2017) was used to gather information on social preferences to-
wards indicators of multilevel dimensions of biodiversity changes
resulting from hypothetical conservation programs in pine forests in
Spain. Spanish pine forests are important in the territory and rural
development, because they are widely distributed ecosystems, they have
traditionally supported a wide range of human activities such as timber
extraction, harvesting of pine nuts and mushrooms, hunting, and pro-
duction of resin and derived products, they provide opportunities for
leisure and enjoyment, and they generate a range of habitats that are
important for conservation (Serrada et al., 2008).

The choice experiment approach relied on setting alternative hypo-
thetical conservation programs, which are presented to respondents,
who are asked to choose their most-preferred alternative. This method
allowed us to assess the relative values people attach to the different
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indicators of biodiversity targeted in those programs. Three dimensions
of biodiversity (within species, between species and within ecosystems
levels) were used in our discrete choice experiment to characterise the
complexity in measuring biodiversity (Noss, 1990; Mace et al., 2012),
and at the same time addressed the necessary simplicity in the presen-
tation of the ‘good’ in a choice experiment in a manner that is
comprehensible and familiar to the general public (Czajkowski et al.,
2009; LaRiviere et al., 2014; Hanley and Perrings, 2019). Thus, in the
questionnaire, respondents were initially provided with a detailed
definition of biodiversity and its multidimensionality following the
Convention of Biological Diversity; and informed that: (1) there are
many types of programs of biodiversity conservation that improve
certain aspects of the biodiversity in pine forests, but to carry them out
more funds are necessary; (2) to ensure the funding of the conservation
program presented to them, a specific tax is proposed, i.e. the money
will be used exclusively for the conservation of the biodiversity of
Spanish pine forests; (3) these funds would come from the taxes citizens
would pay, and thus it is desirable to consult members of society
regarding which aspects of pine forest biodiversity these conservation
efforts should focus on over the next ten years. In order to describe
potential changes in biodiversity indicators in the discrete choice
experiment, we used quantitative empirical data collected from previous
ecological research in Spanish pine forests when available (Martinez-
Jauregui et al., 2016a; 2016¢; 2018a; 2018b). Indicators were presented
visually to respondents on choice cards using icons of mammals, birds,
and plants randomly to avoid taxon bias (Martin-Lopez et al., 2007;
Ressurreicao et al., 2012); we avoided using icons of charismatic species
to prevent flagship and irreplaceable feeling bias (White et al., 1997;
Christie et al., 2006; Jacobsen et al., 2008). The indicators used in each
of the three levels (within species, between species and within ecosys-
tems levels) were as follows:

e Genetic variation (GEN; within species level indicator). Genetic
variation is used frequently as an indicator in the captive breeding
literature. There are very few environmental valuation studies which
use genetic diversity as a proxy for biodiversity (Feld et al., 2009;
Bartkowski et al., 2015; Solino et al., 2020). However, the use of this
indicator is justified as it is associated with the adaptability of species
to changes in the ecosystem (Reed and Frankham, 2003). We
distinguished two attribute levels for this indicator within the con-
servation initiative: (i) genetic diversity is not targeted, and (ii)
conservation measures are targeted to maintain genetic diversity.

e Population structure (POPSTR; within species level indicator). Popu-

lation structure is often used because it captures an important

dimension of a population, such as old trees or trophy animals, which
are missed in simple indicators of population size, and it is simple to

measure (Gao et al., 2015; Nielsen et al., 2007; Bullock et al., 1998).

In our case POPSTR addressed the structure balanced of ages and

sexes for each species which can have important consequences in

population viability (Ginsberg and Milner-Gulland, 1994; Martinez-

Jauregui et al., 2016b). We distinguished two levels for this indica-

tor: (i) population age structure is not balanced, and (ii) there are

conservation measures to ensure that populations are balanced.

Number of native species (NNS; between species level indicator). The

number of native species is frequently used to indicate biodiversity as

a whole in biodiversity valuation studies (Feld et al., 2009; Nordén

etal., 2017; Bartkowski et al., 2015) with native bird species richness

commonly used as an indicator of ecosystem biodiversity (Gregory
et al., 2008; Gao et al., 2015; Martinez-Jauregui et al., 2018b). NNS
was defined as the number of native birds in the pine forests. Taking
into account existing data on the number of native bird species in
pine forests in Spain (Martinez-Jauregui et al., 2016a; 2016c), we

defined three levels for this indicator: (i) 24 native bird species, (ii)

25 native bird species, iii) 26 native bird species.

e Number of invasive alien species (NIAS; between species level indica-
tor). This indicator captures the threat that invasive alien species
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(IAS) pose to biodiversity and ecosystem services (Bellard et al.,
2016; Doherty et al., 2016; Early et al., 2016; Rai and Singh, 2020).
Including this attribute extends previous valuation studies that focus
on the willingness to pay for different actions to control an invader
(Adams et al., 2011; Fleischer et al., 2013; Bithas et al., 2018). We
defined three levels of this indicator based on estimates of the range
of invasive alien plants, birds and mammals species in Spanish pine
forests (Martinez-Jauregui et al., 2018b): (i) no IAS control and
presence of two invasive alien species, (i) moderate IAS control,
presence of one invasive alien species iii) high control, with no IAS
present. Examples of plant, bird and mammal IAS (Acacia dealbata
Link, Carpobrotus edulis L., Estrilda astrild L., Psittacula krameri Sco-
poli, Mustela vison Schreber, and Procyon lotor L.) commonly found in
the case study area were used on the choice cards.

Keystone elements (KEY; within ecosystems level indicator). Keystone
elements have a profound effect on the functioning of entire eco-
systems (Simberloff, 1998). In our case study, keystone elements
were represented by the presence of either dead wood (Rondeux and
Sanchez, 2010), rabbit (Oryctolagus cuniculus L., Delibes-Mateos
et al., 2007) or the European green woodpecker (Picus viridis L.,
Gregory et al., 2008), since their absence could indicate that the
ecosystem services of pine forests are in poorer condition. We
distinguished two different levels of this indicator in the conserva-
tion programs: (i) conservation measures are not established to
preserve keystone elements of the pine forest, (ii) conservation
measures are included to preserve keystone elements of the pine
forest.

Geographical area involved in the program (EXT; within ecosystem
indicator) was included as a variable in order to gather preferences
regarding the extension and distribution of the pine forest areas
conserved. Taking into account the extension of areas being
currently protected within the Spanish territory, three levels were
presented for this indicator: (i) 1% of the pine forests; (ii) 21% of the
pine forests, and iii) 100% of the pine forests. The first two levels, i.
e., 1% and 21% of pine forest, would correspond approximately to
the area covered by the National Parks, and Red Natura in Spain,
respectively. This information was used to help respondents to
visualize these percentages in the territory. The third level was
visualized using the spatial distribution of pine ecosystem in Spain. It
is reasonable to assume that these levels allow for the possibility that
respondents show their preferences towards either conservation of
biodiversity clustered in few pine areas (i.e., sparing lands for
exclusive conservation use in a small proportion of these ecosystems)
or scattered throughout the territory including some degree of
biodiversity-conservation practices (i.e., land sharing for conserva-
tion and productive uses) (Meli et al., 2019; Edwards et al., 2014;
Fischer et al., 2014). Thus, the proposed enlargement of conservation
efforts to all pine forest in Spain was necessary to inform respondents
that at this level, any program involved managing both planted and
natural pine forest with some biodiversity targets. This allows us to
test the findings of previous studies of social preferences for man-
aging forest for multiple uses including biodiversity (Giergiczny
et al., 2015), in a vision where existing natural parks areas work
synergistically with surrounding commercial, but biodiversity-
friendly, pine forests, to increase connectivity for wildlife. Based
on previous analysis of social preferences for forest management in
Spain (Oviedo and Yoo, 2017; Solino et al., 2018), we hypothesized
an inverted U-relationship between extension of conserved area and
value for an additional increase in area conserved.

Data were collected from 400 people from a stratified consumers’
panel within Spain attending to gender, age, and rural-urban habitat.
On-line structured surveys were conducted in 2016. This included a pilot
study of 40 people, which was conducted to obtain the priors for a D-
efficient design of the choice cards. Moreover, twenty-six individuals
were eliminated since they were identified as protest responses
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(Meyerhoff et al., 2014). Our analysis used therefore data from 334 in-
dividuals. The full choice experiment involved 12 choice cards shown to
each individual, with each card including 3 conservation programs and
an opt-out, i.e. individuals always had the option to choose the option of
“No program”, which did not imply additional taxes but assumed no
measures to enhance biodiversity conservation. To estimate the mar-
ginal willing to pay (WTP) values for each attribute (i.e., biodiversity
indicator) a specification of utility in the willing to pay in space model
(WTP-space) was employed (Train and Weeks, 2005). In this modelling
approach the individual’s utility from the choice alternative j can be
represented as:

Ui=Xp+Co+¢ 1)

where X; represents the biodiversity indicators, and C; is the cost (in
euros) of the choice alternative j. The econometric approach was based
on a mixed logit model (Train, 2009). # and § were assumed to be
random parameters with a normal distribution, and ¢; was an i.i.d. type
extreme value error term. The individuals’ preferences were estimated
by simulation using a willingness to pay in space model with 500 Halton
draws (Train and Weeks, 2005), using the software NLOGIT 6.0®. In this
model the WTP was incorporated directly in the utility function, i.e.

U; = X;64+ Cid+¢; (2)

where 1 is the ratio between f and 6. This re-parameterization assures
finite moments for the distributions of the willingness to pay (Daly et al.,
2012). This approach affords more control to the researcher about the
distribution of WTP values in the population (Scarpa et al., 2008) than
conventional approaches based on estimations on the preference-space.
Thus, the sample mean WTPs (1) were directly estimated using mixed
logit specification with random parameters normally distributed using
WTP-space, and individual mean WTPs are derived from individual
parameters.

The questionnaire also asked respondents about their opinion
regarding which indicators were either the minimum required (here-
after referred to as “indispensable”) or additional (hereafter referred to
as “accessory”) to measure progress in biodiversity conservation in pine
forests. Respondents were subsequently required to select a unique in-
dicator that best represents for them the conservation of biodiversity in
pine forests. With this information we were able to calculate (i) the total
willingness to pay (WTPt), calculated by adding up marginal WTP values
of the significant indicators in choosing a preferred conservation pro-
gram; (ii) the indispensable willingness to pay (WTPi), corresponding
with the linear aggregation of the individual set of marginal WTP values
of the significant biodiversity indicators considered to be indispensable
when assessing biodiversity in pine forest; and (iii) the minimum will-
ingness to pay (WTPm), given by the marginal willingness to pay asso-
ciated with the significant unique biodiversity indicator chosen by every
respondent. In case the respondent was not able to choose a unique
indicator (16 individuals of 334); the WTPm was assumed to be equal to
the WTPi. Wilcoxon signed rank test with continuity correction was used
to explore differences in the willingness to pay between these categories
of indicators (WTPt, WTPi and WTPm). A sensitivity analysis of the total,
indispensable and minimum willing to pay was performed when varying
the geographically extent of the conservation program.

3. Results

Table 1 shows the results of the willingness to pay in space model.
These results show that respondents distinguished among the different
biodiversity indicators since all of them were statistically significant at
the 1% level in explaining their choices of the conservation programs
and have the expected signs. The positive signs are plausible considering
that improvements in biodiversity indicators are associated with higher
willingness to pay for conservation outcomes such as species and genetic
diversity, balanced populations, keystone elements and area of land
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Table 1
Results of the willingness to pay in space model (in Euros).
Coefficient Standard Error z-value

Random parameters in utility function
Genetic diversity 2.042 7.77
Population structure 2.157 9.73
Number of native species 1.911 5.59
Number of invasive alien species 2.531 -3.15
Keystone elements 2.032 13.19
Extent 0.748 7.78
Extent"2 —0.043%** 0.006 —6.76
Standard deviation of random parameters
Genetic diversity 0.358 6.022 0.06
Population structure 16.614%** 2.749 6.04
Number of native species 1.742 8.139 0.21
Number of invasive alien species 27.006%** 2.478 10.9
Keystone elements 13.671%** 3.479 3.93
Extent 0.086 0.140 0.62
Extent™2 0.005%** 0.001 9.01

, ¥*, * are significance at 1%, 5%, 10% level.

protected. The quadratic relationship with the geographical area
involved in the program indicates that the value attached for increasing
the extent of the area where the conservation efforts are applied declines
after the proportion of pine ecosystems protected reach a certain level. A
negative marginal WTP is observed for increases in the number of alien
invasive species in pine forests, i.e., the value granted to biodiversity
protection programs increases with lower numbers of invasive species
(higher levels of invasive species control). Individual specific mean WTP
values vary with respect to the level of the indicators proposed to the
respondent. The statistical significance of the standard deviation of
random parameters signals the presence of heterogeneity across the
respondents. In our case study, heterogeneity is shown for the popula-
tion structure, number of invasive alien species, keystone elements and
extent.

In the most complete conservation program, defined as the one with
highest level of biodiversity attributes, the relative ranking of the esti-
mated means of marginal WTPs, in regard to the no conservation pro-
gram alternative, is as follows (see random parameters in utility function
in Table 1). The extent of the land area over which the program is
applied, is the indicator that has the highest marginal value of WTP (EXT
model estimate = 146.79 euros when 100% of the pine forests in Spain
are protected), followed by keystone elements (KEY = 26.79 euros,
when program preserve keystone elements of pine forest ecosystems),
and the number of native species (NNS = 21.37 euros, when program
protects 26 native bird species). The biodiversity indicators with the
lowest marginal WTP values are those metrics of biodiversity related to a
balanced population structure (POPSTR = 20.98 euros, when conser-
vation measures are in place to ensure that the populations are
balanced), genetic diversity (GEN = 15.86 euros, when measures are
established to maintain genetic diversity) and invasive alien species
(NIAS = —15.96 euros, when measures are in places for having two
invaders). These marginal values of WTP varied considerably with other
hypothesised alternative conservation programs (i.e. attributes are
defined with lower levels): marginal WTP for targeting the extent of land
conserved as 21% of the pine forest area is 102.99 euros, while marginal
WTP for conserving 1% of land is 5.77 euros. The marginal WTP is 10.68
euros when only one additional native species is protected (i.e., bird
richness is targeted to 25 species), and 7.98 euros when only one inva-
sive alien species is controlled.

Our results show that the set of indicators used to value the social
benefits derived from a biodiversity conservation program, matters. The
total and indispensable willingness to pay, WTPt (213.12 euros, SD =
41,870) and WTPi (171.07 euros, SD = 72,135), calculated as the
average of individuals’ WTP in the most completed program, were found
to be significantly different (Wilcoxon signed rank test with continuity
correction, V = 20460, p-value < 0.001). Similar results were found for
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the differences between the minimum and indispensable willingness to
pay, WTPm (57.46 euros, SD = 69,690) and WTPi (Wilcoxon signed
rank test with continuity correction, V = 53625, p-value < 0.001). A
sensitivity analysis was performed when varying the geographically
extent of the conservation program, because this was the indicator that
showed higher marginal WTP values (Table 2). These results show that
WTPt is approximately 1.2 or 1.3 times higher than WTPi and 3.0 or 3.7
times higher than WTPm.

Fig. 1 shows the numerical ranking of indicators using the informa-
tion on the respondents’ decisions regarding their perception of the in-
dicators as indispensable, accessory, or selected as best unique
performance indicator for pine forest conservation programs. The in-
dicators more often chosen by respondents as indispensable were
keystone elements (82% of respondents), geographical area involved in
the program and number of native species (both 81% of respondents).
These were followed by population structure (74%) and genetic di-
versity (72%) (Fig. 1a). Nearly 40% of our respondents (37%) indicated
that four was the number of indicators to be included in the indispens-
able set of indicators to be used for biodiversity conservation programs
(Fig. 1b), while five sets of indispensable indicators were chosen by 28%
of the respondents and three by 18%, and an indispensable set of only
one or two indicators was chosen by <3% of the respondents. Within
ecosystem level indicators (keystone elements and geographical area
involved in the program) were often represented when indispensable
sets were higher than three (Fig. 1c). When faced with the decision to
choose a unique indicator, 26% of respondents chose to characterize
biodiversity in terms of the geographical extent of the conservation
program, 22% chose keystone elements, 19% the number of native
species, 18% genetic diversity, 12% population structure and only 4%
the number of invasive alien species (Fig. 1d).

4. Discussion

No single indicator represents all the properties of biodiversity with
respect to composition, the level of organization, and function; therefore
a set of biodiversity indicators is desirable to capture the multidimen-
sional concept of biodiversity (Noss, 1990; Gao et al., 2015; Haila and
Kouki, 1994). The choice of metrics used to evaluate the progress of
conservation programs can influence individuals’ preferences and the
societal benefits attached to these initiatives (Zhao et al., 2013; Bart-
kowski et al., 2015). This study reinforces the role that biodiversity
valuation can play in informing the choice of appropriate indicators to
maximize societal support for conservation programs. Here we illus-
trated that individuals do appreciate differences between biodiversity
indicators. Our results showed that the extent of land over which
biodiversity is conserved has the highest marginal value of WTP given
the increases of 21% and 100% in area protected explored in the discrete
choice experiment. However, the WTP for percent increases in area
protected exhibited an inverted-U form. Therefore, our results suggest
that people prefer in general to manage pine forest for multi-
stakeholders and multiple uses, including biodiversity conservation,
but they experience decreasing marginal WTP after a certain percentage
of pine ecosystem dedicated to conservation is reached. Keystone ele-
ments attract the second highest marginal value of WTP, and the first

Table 2

Sensitivity analysis of the total, indispensable and minimum willing to pay
(WTPt, WTPi and WTPm, respectively), attending to the levels of the
geographical extent of the conservation program (with the rest of the attributes
of the conservation program in the complete version).

Percent of pine forest under WTPt WTPi WTPm
conservation program (euros) (euros) (euros)
1% 73.59 56.90 15.52
21% 170.73 135.49 42.99
100% 213.12 171.07 57.46
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Fig. 1. a) Number of times that every indicator was selected as indispensable among the respondents. b) Number of respondents that selected different number of
indicators as indispensable. c¢) Percentage of times that every indicator was selected depending on the number of indicators identified as indispensable. d) Number of

the respondents that choose each indicator as unique.

place when the conservation program is smaller than 390,000 ha (4.5%
of pine forest). This indicator can provide evidence that an ecosystem is
in good conservation condition and its ecosystem functions are being
maintained. Specific examples in the study area included rabbits in
Mediterranean ecosystems, whose abundance is associated with the
number of raptor species and the number of species of conservation
concern (Delibes-Mateos et al., 2007), the presence of dead wood in
forest ecosystems which is an essential factor in the nutrient cycle and
provides habitat for numerous plants, animals and fungi in the forest
(Rondeux and Sanchez, 2010), or the presence of woodpeckers, whose
nest holes, chiseled out of tree trunks, provide habitat for numerous
species (Gregory et al., 2008). The high level of social support to the
conservation of within ecosystem levels is in accordance with a shift in
emphasis of conservation ecology from species to landscape level (Mace,
2014). The number of native species received the third highest level of

social support, and is consistent with its common use in monitoring of
the state of biodiversity in conservation and management programs
(Varela et al., 2018). Birds are a large and varied group of species with
different characteristics in their anatomy, physiology, growth form, life
history, reproduction measures, feeding, behavior types and carry out
multiple functions in the ecosystem. Therefore, native bird species has
been used frequently in ecology as an indicator of biodiversity (Gregory
et al., 2008), being able to capture the variety of life forms and the
ecological complexities of which they are part. Balanced population
structure, genetic diversity and invasive alien species were the biodi-
versity indicators with the lowest marginal WTP values. This probably
reflects a combination of societal understanding and shifting ethical
values. Balanced population structure is not a very accessible concept to
the general public, and societal concepts of biodiversity do not neces-
sarily link through to genetic diversity. In contrast, the impacts of
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invasive alien species are widely realized. However, their management
is increasingly controversial, with a growing proportion of the society is
various countries being opposed in principle to culling of wildlife (Sharp
etal., 2011), with the result that societal views can be at odds with those
of conservationists (Lundberg, 2010). Emphasizing the impacts of con-
servation programs in controlling and eradicating invasive species may
even be counter-productive in some instances, in terms of generating
public support.

The results of a follow-up analysis of the respondents indicated that
simply including different indicators does not per se guarantee public
support increments. Moreover, this is more likely to result in non-
independence between the indicators, with some of them being
considered as redundant or providing accessory information. This does
not imply that some indicators were perceived as having a zero value,
but that their value could be embedded in the values of other dimensions
of biodiversity (as the respondents stated in their answers). In particular,
our results showed that four indicators (EXT, KEY, NNS and POPSTR)
were most often selected as indispensable. If an indicator of each
dimension of biodiversity is required, then our results indicated that
EXT, NNS, and POPSTR could be the most preferable choices socially if
program involves large areas; and KEY, NNS and POPSTR in conserva-
tion programs carried out in relatively small area.

Conservation programs that opt for within ecosystem elements as a
single biodiversity indicator when communicating conservation efforts,
such as the extent of the area to be conserved, have the highest WTP in
our sample. This indicator, followed by keystone elements, was also
most frequently selected by respondents when asked to choose a unique
biodiversity indicator to assess the conditions of the case study
ecosystem. The preference of respondents for this dimension of biodi-
versity may be because they perceive that it provides additional
embedded information on other dimensions of biodiversity (Bakhtiari
et al., 2014). Therefore, our results suggest the convenience to investi-
gate in the role of ‘cue attributes’ in the individuals’ decision process
when addressing the WTP of complex multidimensional goods (Caputo
et al., 2017) as biodiversity, which it is also consistent with a number of
studies that use land use changes as an outcome metric to measure the
effectiveness of conservation policies (Cuenca et al., 2016; Robalino
et al., 2015). In practice, the implementation of conservation initiatives
over large areas is challenging due to a lack of funding, the complexities
of dealing with multiple landowners including land ownership and
permissions, and diverse demands from the land in terms of ecosystem
services. As a consequence, biodiversity conservation programs over
relatively small areas are more common, and for these, our results
suggest that keystone elements or native species are likely to be the best
option for gathering social support to conservation programs if only a
single indicator is used.

5. Conclusions

This work has extended the limited research on valuation of biodi-
versity in pine ecosystems in Spain (Solino et al., 2018; Herruzo et al.,
2016; Martinez-Jauregui et al., 2019; Campos et al., 2019), and it has
deepened understanding of the importance of societal views in selecting
appropriate indicators for biodiversity conservation programs. The re-
sults are context dependent and provide evidence that Spanish society
supports biodiversity conservation programs in pine forests. However,
people showed varied preferences over which dimension of biodiversity
is best suited to serve as an indicator of success of these programs. The
type of biodiversity indicator used can therefore affect the level of
support for biodiversity conservation programs, and in our work the
area of land covered, the status of keystone ecosystem components, and
the number of native species are the indicators preferred by the public.
The results also suggested that the use of certain indicators such as
invasive alien species and genetic diversity may be less understood by
citizens. The use of indicators that receive stronger support from society
should complement rather than replace indicators that are most
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ecologically relevant. Used in this way, they can provide a critical
contribution to maximizing societal acceptability of public investments
in conservation efforts.
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