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MODEL-ASSISTED MONITORING OF BIODIVERSITY
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Summary

1. Political commitment and policy instruments to halt biodiversity loss require robust data
and a diverse indicator set to monitor and report on biodiversity trends. Gaps in data avail-
ability and narrow-based indicator sets are significant information barriers to fulfilling these
needs.

2. In this paper, the reporting requirements of seven global or European biodiversity policy
instruments were reviewed using the list of Essential Biodiversity Variables (EBVs) as an ana-
lytical framework. The reporting requirements for the most comprehensive policy instrument,
the United Nation’s Strategic Plan for Biodiversity 2011-2020, were compared with the indi-
cator set actually used for its reporting, to identify current information gaps. To explore the
extent to which identified gaps could be bridged, the potential contribution of data mobiliza-
tion, modelling and further processing of existing data was assessed.

3. The information gaps identified demonstrate that decision-makers are currently con-
strained by the lack of data and indicators on changes in the EBV classes Genetic Composi-
tion and, to a lesser extent, Species Populations for which data is most often available.
Furthermore, the results show that even when there is a requirement for specific information
for reporting, the indicators used may not be able to provide all the information, for example
current Convention of Biological Diversity indicators provide relatively little information on
changes in the Ecosystem Function and Ecosystem Structure classes. This gap could be partly

*Correspondence author. E-mail: ilse.geijzendorffer@imbe.fr
+Authors contributed equally.

© 2015 The Authors. Journal of Applied Ecology © 2015 British Ecological Society



2 1. R. Geijzendorffer et al.

closed by using existing indicators as proxies, whereas additional indicators may be computed
based on available data (e.g. for EBVs in the Ecosystem Structure class). However, for the
EBV class Genetic Composition, no immediate improvement based on proxies or existing
data seems possible.

4. Synthesis and applications. Using Essential Biodiversity Variables (EBVs) as a tool, theory-
driven comparisons could be made between the biodiversity information gaps in reporting
and indicator sets. Analytical properties, such as an identification of which data and indicator
(s) are relevant per EBV, will need to be addressed before EBVs can actually become opera-
tional and facilitate the integration of data flows for monitoring and reporting. In the mean-
time, a first analysis shows that existing indicators and available data offer considerable
potential for bridging the identified information gaps.

Key-words: biodiversity data, Biodiversity indicator partnership, Convention on biological
diversity, data mobilization, data sources, indicators, instrument, monitoring, policy, reporting

Introduction

Globally, biodiversity continues to be lost (Tittensor et al.
2014) and, due to its importance for human well-being,
an increasing number of political commitments aim to
halt this loss of biodiversity. This has resulted in the
‘greening’ of existing policy instruments (e.g. in the case
of the European Common Agricultural Policy), the estab-
lishment of new collaborative platforms [e.g. the Intergov-
ernmental Platform on Biodiversity and Ecosystem
Services (IPBES)] and the continuation of existing efforts
for global biodiversity conservation [e.g. the convention
on the Conservation of Migratory Species of Wild Ani-
mals (CMS)]. In line with this trend, the Parties to the
Convention on Biological Diversity (CBD) adopted the
Strategic Plan for Biodiversity 2011-2020, which includes
a shared mission and 20 targets, collectively known as the
Aichi Biodiversity Targets (CBD 2010).

Reporting on biodiversity changes is required for track-
ing and evaluating the progress of biodiversity-oriented
policy instruments, as well as informing decision-makers
of possible positive or negative side effects of other policy
decisions (Niemelda 2000; Osinski ez al. 2003; Pullin et al.
2009), such as those resulting from urbanization, land
abandonment, bio-energy production or the industrializa-
tion of marine fisheries. All biodiversity-related assess-
ments face similar challenges regarding indicator selection
and data availability (Collen e al. 2008; Walpole et al.
2009; Lindenmayer et al. 2012; Tittensor et al. 2014),
leading to a gap between the information that would ide-
ally be used to assess biodiversity trends, and the biodi-
versity information which actually is used.

There is much scientific literature on what constitutes
an ideal indicator and on indicator set selection for biodi-
versity monitoring. In reality, however, the indicators
actually implemented for reporting depend on many more
factors than mere scientific criteria (Noss 1990; Feest
2013), for example stakeholder interests, data availability
and practical ad hoc solutions for immediate needs. In

addition, very few biodiversity data sets of sufficient
quality across broad taxonomic, temporal and spatial
scales are available for official reporting, all of which
result in a reduced ability to reliably detect biodiversity
change. This leads to information gaps and geographical,
temporal and taxonomic biases in reporting efforts world-
wide; for example, most data come from less biodiverse
areas such as North America and Europe rather than bio-
diversity-rich areas such as parts of the tropics (Collen
et al. 2008; Mora, Tittensor & Myers 2008; Pereira, Nav-
arro & Santos Martins 2012). Similarly, vertebrates are
much better covered than other taxa (Pereira, Navarro &
Santos Martins 2012) and many marine habitats and spe-
cies are under-represented (Costello et al. 2010). In global
assessments such as the Global Biodiversity Outlook 4
(CBD 2014), this leads to the predominant use of bird
data for many biodiversity indicators, while data for more
threatened vertebrate groups are often absent (Pereira,
Navarro & Santos Martins 2012). These biases not only
undermine the comprehensiveness of reporting, but also
influence policy responses based on these reports.
Information gaps and biases can originate from the
indicator set used or a lack of robust and reliable data.
Limited availability of biodiversity data can, for instance,
be due to data confidentiality, usage restrictions, limited
accessibility of data sets, the remoteness of ecosystems
[e.g. the deep sea and marine areas beyond national juris-
diction, (Webb, Vanden Berghe & O’Dor 2010)] or data
integration and quality issues [e.g. sampling bias, taxo-
nomic inconsistencies (Henry ez al. 2008)]. These practical
barriers require increased efforts before biodiversity data
can be used in assessments. Further mobilization of exist-
ing data and the collection of new data could help to
bridge current information gaps (Kot et al. 2010). The
potential for data mobilization is internationally recog-
nized, and a number of long-term initiatives have focused
on mobilizing biodiversity data and metadata (e.g. the
Global Biodiversity Information Facility (GBIF), and
the Ocean Biogeographic Information System). These
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initiatives aim to connect data owners with each other, to
fill gaps and to simultaneously build bridges between citi-
zen volunteers, scientists and policymakers (Jetz, McPher-
son & Guralnick 2012). Apart from long-term initiatives,
project-based incentives are funded to provide technical
and organizational infrastructures as a backbone for sci-
entific and voluntary efforts (for instance in Europe with
the EU BON project (Hoffmann er a/. 2014), EBONE
(Bunce et al. 2011) and EU MON (Schmeller et al. 2009).

Monitoring and interpreting biodiversity trends are
complex tasks. Following the example of the climate com-
munity and their Essential Climate Variables (GCOS
2003), the Group on Earth Observations Biodiversity
Observation Network (GEO BON, https://www.earth
observations.org/geobon.shtml) has developed a tentative
list of Essential Biodiversity Variables (EBVs) (Pereira
et al. 2013). The list comprises a set of key variables for
detecting major dimensions of biodiversity change. The
concept of EBVs was developed to facilitate data integra-
tion by providing an intermediate abstraction layer
between primary observations, indicators and assessment
possibilities, that is providing a theory-driven rather than
a data-driven approach (Niemeijer 2002) (see Appendix
S1 in Supporting Information). To this end, the EBVs are
an academic concept undergoing continuous development,
and GEO BON welcomes contributions on further
improvements and implementation. EBVs could poten-
tially be used as a tool to identify existing biases in policy
reporting and indicator use, through which comprehen-
siveness of biodiversity reporting can be enhanced. Addi-
tionally, the use of EBVs could help prioritize data
mobilization and modelling efforts to facilitate data inte-
gration over large spatial scales and across a broad taxo-
nomic spectrum, improving information on past and
current biodiversity change at all biological levels (genes,
populations, species and ecosystems). For example, the
Population Abundance EBV refers to the raw observation
data on population abundances of specific species at par-
ticular locations, whereas an aggregated population trend
indicator uses the data of this EBV on trends across mul-
tiple species and locations. In this way, different countries
may monitor populations of a variety of threatened taxa
while allowing the observations to be aggregated into a
relevant EBV (e.g. Population Abundance). This would
facilitate the quantification of a biodiversity indicator
regardless of which species were monitored, and will help
to provide an index of national, regional and global
trends in species populations [for an example using bird
data see Gregory et al. (2005) or for marine data Duffy
et al. (2013)].

The objective of this study is to use the EBV concept as
a framework with which to evaluate information require-
ments for biodiversity reporting, identify information gaps
and identify where data could be mobilized to bridge
these gaps. For this objective, a first analysis identified the
comprehensiveness of reporting under a selection of
existing policy instruments at global and European level
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by relating information requirements to EBVs. In a
second analysis, the information gap between the informa-
tion actually provided by the indicators and the informa-
tion asked for the reporting under the CBD was
determined. Finally, the potential for bridging these gaps
was explored by identifying indicators that could be used
as proxies for other EBVs and by determining which EBV
classes could be quantified using existing data sets,
through data mobilization, integration and modelling.
The three EBV-based analyses presented in this paper are
indicated by black arrows in Appendix Sl. Finally,
suggestions are made for the further improvement of the
EBVs during their ongoing development.

Material and methods

EBVS AS AN ANALYTICAL FRAMEWORK

The candidate list of EBVs is grouped into six main classes, each
consisting of multiple variables, which are (abbreviation and
number of variables indicated in brackets) as follows: Genetic
Composition (GC, n = 4), Species Populations (SP, n = 3), Spe-
cies Traits (ST, n = 6), Community Composition (CC, n = 2),
Ecosystem Structure (ES, n =4) and Ecosystem Function (EF,
n =3; see Appendix S2 and Pereira et al. 2013). As with the
Essential Climate Variables, the EBVs will be continuously
revised and developed to remain relevant to changes in biodiver-
sity monitoring in all realms.

BIODIVERSITY DATA REQUIREMENTS FOR REPORTING
UNDER POLICY INSTRUMENTS

For the first analysis of biodiversity data requirements for report-
ing, policy instruments were selected based on two criteria. First,
biodiversity data had to be required for reporting under the
objectives of the policy instrument. Secondly, the policy instru-
ment had to be an international convention that had been imple-
mented. As a first priority, global policy instruments were
selected which were then complemented by European policy
instruments. For each of the selected instruments, biodiversity
information needs for reporting were identified and then linked
to specific EBVs. Biodiversity elements not covered by the EBVs
were noted. Detailed tables of information reporting requirements
per policy instrument were compiled and circulated to additional
experts with in-depth knowledge of specific policy instruments for
feedback. Results for each policy instrument were summarized as
the percentage of EBVs needed for reporting per EBV class and
per policy instrument (Table 1).

THE CBD BIODIVERSITY INDICATOR SET

The second analysis addressed the link between the proposed
EBVs and the set of biodiversity indicators used for the reporting
to the CBD, namely those developed by the partners of the Bio-
diversity Indicators Partnership (BIP, www.bipindicators.net/).
These indicators were selected for this analysis since the Aichi
Targets can be considered as the most important and inclusive
biodiversity instrument globally. There are currently 42 BIP
indicators providing information for the 20 Aichi Targets, and
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Table 1. Biodiversity information reporting requirements of selected biodiversity policy instruments, expressed as the percentage of EBVs
required per EBV class. The EBV classes are Genetic Composition (GC), Species Populations (SP), Species Traits (ST), Community
Composition (CC), Ecosystem Function (EF) and Ecosystem Structure (ES)

EBV classes

Policy instruments* Geographic scope GC

CBD (CBD 2010) Global
Ramsar (Ramsar 2012) Global
CMS (UNEP-CMS 2014) Global
Habitats Directive (EC 2011) EU
Birds Directive (EEA 2011) EU
MSFD (EC 2008, 2010) EU
WED (EC 2000) EU

SP ST CcC EF ES

“Policy instrument abbreviations explained: CBD, Convention on Biological Diversity; Ramsar, Ramsar convention on Wetlands; CMS,
Convention on the Conservation of Migratory Species of Wild Animals; MSFD, Marine Strategy Framework Directive and WFD, Eur-
opean Water Framework Directive. The darker the cell colour, the higher the percentage displayed.

individual indicators may be applied to more than one target
(http://www.bipindicators.net/globalindicators). For the analysis,
scores were attributed to individual BIP indicators to identify the
overlap and complementarity between the BIP indicator set and
the EBV framework. A direct score (D) was attributed when the
BIP indicator was identified as representative for and using data
from an EBV. An indirect score (I) was attributed when the BIP
indicator could be used to indirectly measure and quantify an
EBYV after additional steps of data consolidation and processing.
If the indicator did not have any relevance for any of the EBVs,
no score was attributed. The scores were thereafter sent out to
the partners of the BIP for feedback. Here, a subset of results is
presented. The relation of the indicators to each EBV class is rep-
resented as the percentage of direct or indirect BIP relevant indi-
cators for EBVs per EBV class (Table 2, complete list in
Appendix S3). This analysis clarified the discrepancy between the
reporting requirements for the CBD and the information pro-
vided by the current BIP indicators, the complementarity between
the BIP indicators and the EBVs, and the potential of existing
BIP indicators to address current biodiversity reporting gaps.

DATA AVAILABILITY FOR EBVS

The third analysis was based on the underlying assumption that
if data are currently available for EBVs for which there are biodi-
versity reporting gaps, then data mobilization, development of
data integration methods and modelling efforts could be used to
address these gaps. If data were not available for certain EBVs,
then additional monitoring efforts might be required.

As availability of different data types might differ between spa-
tial scales, data availability for EBV classes was estimated based
on a range of known existing data sources at global, regional and
national spatial scales. For the latter two spatial scales, Europe
and European Member States were used, respectively, for illustra-
tive purposes. Data sources were defined in the paper as either
data set holders or data providers that offer direct access to bio-
diversity data sets. Selection of data sources was based on two
criteria. First, to allow for data harmonization and interoperabil-
ity, the data source should have metadata available in addition to
the biodiversity data themselves. Secondly, to allow for indepen-
dent use, only data sources that offered data sets with unre-
stricted access, or at least offered access to parts of the data sets,
were considered. Although open data access is increasingly recog-

nized as important (Costello ez al. 2014), the second criterion was
a significant restriction on the number of potential data sources
considered for the analysis. The final selection of data sources
(Appendix S4) aimed to represent the current spectrum of biodi-
versity data sets available and contained 17 global, 15 multina-
tional or European-level, and 11 national (European Member
State) data sources.

Scores were attributed to data sources based on the metadata
of data sets. The data sources were considered to contain data
that could be used to quantify a specific EBV class (value 1) or
not (value 0). Additionally, the data sets were described accord-
ing to (i) the spatial scale covered (global, regional or national
levels); (ii) the realms covered (marine, terrestrial or freshwater);
and (iil) the accessibility, namely if access was unrestricted or
partly unrestricted. Based on this information, strengths, possibil-
ities and limitations of existing biodiversity data sets were identi-
fied in relation to the EBV classes (Table 3).

Two important notes of caution regarding this analysis and the
EBYV framework need to be highlighted here. First, due to the cur-
rent development state of the EBV framework, this analysis could
not advance further on spatial, temporal or biome gap assess-
ments. It has to, therefore, be taken into account that a consider-
able number of data sets included in the final selection can in fact
only be used to quantify baselines and not indicators of biodiver-
sity change because they do not comprise successive measurements
through time. Secondly, EBVs currently do not provide instruc-
tions for data use for specific EBVs, posing another limitation to
the extent of analysis. This means that regarding the scoring, most
data sets contained data for only some specific EBVs and not nec-
essarily for all EBVs within that EBV class.

Results

The data requirements for reporting under the selected
policy instruments differed across instruments and the
representation of EBV classes showed instrument-specific
patterns. Of all the policy instruments examined, report-
ing for the Aichi Targets, Ramsar and the Convention on
the CMS were found to be the most comprehensive in
their biodiversity data requirements, requiring data from
all EBV classes (Table 1). In contrast, reporting for the
well-known European Birds and Habitats Directives had
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the lowest EBV coverage. EBVs from the classes Species
Populations, Ecosystem Function and Ecosystem Struc-
ture were most often required for reporting, whereas
EBVs from the class Genetic Composition were least
often required for reporting.

The detailed analysis of policy instruments also showed
that some biodiversity dimensions were not covered by
any of the EBVs, for example societal awareness (e.g. the
Biodiversity Barometer in Appendix S3), the spatial extent
of protected areas, or the structure and function of pro-
tected habitats (required for reporting under the European
Habitats Directive). Information on drivers and pressures
on biodiversity (e.g. Nitrogen deposition in Appendix S3),
required for reporting under the CBD, are also currently
not captured by EBVs although they are essential for bio-
diversity trend interpretation.

For each of the EBV classes, there was at least one BIP
indicator that could be considered to be relevant, although
it should be noted that this does not mean that the indica-
tor was relevant to each EBV within the class considered
(Table 2, Appendix S3). Conversely, some BIP indicators
are focused on only one Aichi Target, but they could be
considered to represent several EBV classes (e.g. the ‘Mar-
ine Trophic Index’ is relevant for three EBV classes).

The EBV class measured most directly by BIP indica-
tors and for which data were found to be most widely
available was Species Populations (Table 3, Appendix S3).
For the EBV classes Ecosystem Function and Ecosystem
Structure, few BIP indicators were considered relevant,
even though these classes are often required for reporting.
For the EBV class Genetic Composition, only one out of
four EBVs was represented by a BIP indicator (Genetic
diversity of terrestrial domesticated animals). A number
of BIP indicators were considered to provide proxies for
three EBV classes, in particular Community Composition,
Ecosystem Structure and Ecosystem Function.

The analysis of the selected existing data sources
showed a highly heterogeneous group in terms of their
spatial and temporal resolutions, geographical coverage
and the ecosystems considered (Table 3; Appendix S4).
For the class Species Populations, spatial coverage of data
sources ranged from global (e.g. GBIF, the IUCN Red
List of threatened species), to regional initiatives such as
European data bases, for example on taxonomy (e.g.
PESI which includes Fauna Europaea, Euro+Med Plant-
Base and the European Register of Marine Species) or
data bases covering species with a specific thematic focus,
like DAISIE, for European alien invasive species.

Data sources most often contained relevant data sets for
two EBV classes: Species Populations and Community
Composition, namely 37 and 26 out of 43, respectively. It
has to be noted, however, that the actual data processing
and modelling efforts required to render the data usable are
not taken into account here. There were also multiple
data sets for plants, mammals and even bristle worms
available for the EBV class Species Traits, with 16 out
of 43 data sources (see for examples the extended list in
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Appendix S4). Comparatively few data sets were pub-
licly available for the class Genetic Composition (five
out of 43).

Discussion

The biodiversity information required for reporting pur-
poses and used to inform decision-makers does not show
a uniform distribution across EBV classes. For instance,
information on the changes in Species Populations is
required more often than information on the changes in
Genetic Composition. The information gap between the
reporting requirements for the Aichi Targets and the BIP
indicator set comprised three of the six EBV classes. The
analysis of the BIP indicators also indicated that there
might be an information overlap between EBV classes.
Based on the results presented, the following options to
bridge the information gaps were identified: (i) for some
EBV classes, there may be existing data available that
require mobilization, integration or modelling efforts (e.g.
Ecosystem Structure); (ii) EBV classes lacking primary
data require additional monitoring efforts (e.g. Genetic
Composition), but (iii) the reporting could already be
improved by using existing BIP indicators as proxies for
some EBVs (e.g. for Community Composition, Ecosystem
Structure and Ecosystem Function). Finally, it was found
that the current state of development of the EBV frame-
work strongly constrains the performed coverage analysis
with regard to spatial, temporal and realm analyses.
Further, certain types of information which are impor-
tant for interpreting changes in biodiversity and which
are required for reporting are not included in the EBV
framework.

STRENGTHENING THE INFORMATION BASIS OF
BIODIVERSITY REPORTING

Henle ef al. (2013) proposed reducing existing data bias in
reporting by prioritizing data collection efforts within the
focus of the policy instrument based on topical (habitats
and species) and geographical criteria. Although this
would very likely reduce the reporting bias, the EBV
analysis in this paper has illustrated that this would not
address the existing information gaps across and outside
the scope of individual policy instruments. The EBV per-
spective provides this additional and complementary
information. In the EBV open consultation round of
2013, respondents estimated the importance of coverage
of all EBVs for biodiversity monitoring, by ranking all
EBVs at 3 and above (on a scale of 1 = unimportant to
5 = critical). However, the current EBV framework did
not allow for an adequacy analysis. Therefore, it is not
clear whether information for all EBVs should be pro-
vided equally or whether a certain threshold value per
information type is required.

Initiatives such as IPBES would be a suitable forum for
addressing the information gaps identified by EBVs.
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Although the IPBES research program for the coming
3 years (Decision IPBES-2/5) currently focuses on EBVs
for which data are more readily available, it could in the
future focus on existing reporting gaps. The comprehen-
siveness of reporting under individual instruments could
also be improved by using models and aggregated indica-
tors developed for standardized EBVs to harmonize and
streamline data and indicators for multiple reports. For
example, the EBV Phenology could be based on a selected
number of taxa (e.g. plant, bird and butterflies) which
could be integrated into a global indicator describing phe-
nological changes in response to climate change. This
indicator could contribute to future CBD reporting.

IDENTIFYING AND BRIDGING THE INFORMATION GAP

Whereas EBVs are a theory-driven approach, the BIP
indicator set for Aichi 2020 is a more data-driven
approach. The BIP indicator set result from an original
indicator set which was adapted to take into account both
the information requirements for the Aichi Targets, as
well as data availability to actually quantify the indica-
tors. As such, both approaches are complementary for
improving policy reporting. The BIP indicator provides
information that is not covered by the EBVs. Some of
these could be considered non-biodiversity dimensions,
because they measure the progress of implementation
rather than biodiversity itself, such as public awareness
and policy implementation (CBD Strategic goal A,
Appendix S3) and the drivers of change of biodiversity
(e.g. management effectiveness of protected areas). Simul-
taneously, the BIP indicators covered certain EBV classes
much better than others. Interestingly, this bias was not
always reflecting the information requirements for report-
ing, resulting in an information gap. Notably, two of four
of the EBVs in the class Ecosystem Function were only
directly represented by five BIP indicators, whereas this
class is much demanded for reporting. This information
gap between the information required and the actual cov-
erage could be due to the lack of data, but the analysis of
data sources showed that this gap could be bridged
through the mobilization of data, integration of data sets
and modelling efforts.

Additionally, the quantity and diversity of BIP indica-
tors that could serve as indirect proxies for EBVs
(Table 2) suggest that information gaps in reporting could
already be bridged to a certain extent by incorporating
proxies for missing EBVs. Although the use of the same
indicator for multiple reporting objectives could theoreti-
cally help harmonize reporting and monitoring efforts,
limited literature is available to support this (but see Osin-
ski et al. 2003 and Geijzendorffer & Roche 2013). How-
ever, proxies must be used in a transparent manner to
avoid augmentation of the existing bias on more readily
available data.

Many data sources within the selection considered in
this paper demonstrated potential for bridging the infor-

mation gap by providing data for several EBV classes
(Table 3). This suggests that if data sets from different
data sources could be mobilized, integrated or included in
modelling efforts, an increase in information covering all
dimensions of biodiversity change could be achieved
(Chavan & Penev 2011). Recognizing this potential, the
European Commission has funded research projects such
as EU BON (Hoffmann ez al. 2014) to develop methods
for data mobilization and integration of relevant biodiver-
sity data.

For successful data mobilization, data standards need
to be developed across spatial scales, data sets and the full
spectrum of biodiversity (Duffy ez al. 2013), such as those
that have been developed by the Biodiversity Information
Standards (http://www.tdwg.org/) and the Genomic Stan-
dards Consortium (http://gensc.org/). In addition, limita-
tions, such as gaps in spatial and temporal coverage, may
be solved by integrating different data sets and modelling
efforts (Weber, Hintermann & Zangger 2004; Henry et al.
2008; Lengyel et al. 2008). Data set integration methods
for quantifying indicators are increasingly available (Duf-
fy et al. 2013), and bird and butterfly data have already
been used to demonstrate the added value of data set inte-
gration for species abundance trends at broad geographi-
cal scales (e.g. De Heer, Kapos & Ten Brink 2005;
Gregory et al. 2005, 2009). In addition to the interopera-
bility and quality of data sets, limited access is a key bar-
rier for data mobilization that is recognized by both
funding bodies and scientific initiatives (Chavan & Penev
2011; Costello et al. 2014).

Although the options of data integration, modelling
and the identification of relevant proxies are important
options to bridge the information gap, in the absence of
primary data, these options can only add limited value.
Additional data collection efforts are still needed. How-
ever, exploring postcollection data processing and model-
ling options to fill gaps in knowledge could be used to
optimize and prioritize monitoring efforts.

EBVS: FUTURE USE AND DEVELOPMENT

For the analyses in this paper, EBVs were used as a frame-
work to identify the current information gap between biodi-
versity reporting requirements and the information actually
available and used. Although it worked well overall, some
challenges were identified that need to be addressed if EBVs
are to be used as a future assessment.

The current state of development of the EBVs posed
several limitations to the analyses that could be performed
in this manuscript. First, the robustness of EBV use could
currently not be indicated in the EBV assessments. For
instance, a data set, which is able to quantify an EBV for
one taxon at one location currently, has the same score as
a data set which can quantify the same EBV across many
taxa and over a long period of time. Coverage of data sets
and indicators of various spatial and temporal dimensions
and taxa have been highlighted as important barriers for
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the reporting under global instruments, but these cur-
rently remain unidentified. With regard to the develop-
ment of EBVs, the ongoing work defining the appropriate
spatial and temporal scales should include the potential
contribution of modelling efforts to bridging spatial and
temporal data gaps.

Additionally, for certain policy targets, data require-
ments seemed to be directed at EBV class level, while a rele-
vant individual EBV was not included in the current list.
For instance, ecosystem service-related targets seem to
require data from the class Ecosystem Function, but apart
from Biomass Provision, EBVs for other specific ecosystem
functions were missing (e.g. pollination or soil decomposi-
tion rates).

The analysis of the BIP indicators showed that report-
ing requires additional indicators on non-biodiversity vari-
ables as well as measures of biodiversity per se (Walpole
et al. 2009; Tittensor et al. 2014), to inform a specific
objective of a policy target (e.g. progress in policy imple-
mentation, public awareness, and policy and management
responses) or to provide an interpretation of detected
changes in biodiversity (e.g. pollution, management inten-
sification). For instance, the Marine Strategy Framework
Directive requires indicators for the identity of the driver
of impact (recognized threats and pressures) and the
actual positive or negative impact on species, habitats and
ecosystems [for an example, see Descriptor 5 ‘Eutrophica-
tion” (EC 2010)]. These non-biodiversity variables are not
covered by the EBV list, as the EBVs were explicitly
developed solely for ‘state’ and ‘biological’ variables
(Pereira et al. 2013). Clearly, comprehensive interpretation
of biodiversity trends requires the integration of other
topical data, notably on drivers and pressures for biodi-
versity. Feest (2013) faced a similar challenge in his analy-
sis of the SEBI (Streamlining European Biodiversity
Indicators,  biodiversity.europa.eu/topics/sebi-indicators)
for CBD reporting. In that paper, Feest opted to weight
non-biodiversity indicators based on the proof of their
impact and connection to biodiversity. This, however,
does not provide a coherent framework to answer the par-
ticular need to better integrate EBVs and environmental
change assessments for improved reporting of biodiversity
change. That challenge remains as a challenge for a future
study.
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