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Introduction

Abstract

The European Habitat Directive encompasses a conservation policy devoted to
conserve habitats rather than single species. This ambition has strong ecological
justifications, and inspires other initiatives such as the ITUCN red list of ecosys-
tems. Evaluating this policy is therefore pivotal to identify and reproduce best
practices. However, the habitat aspect of this policy has so far not been system-
atically assessed. To make up for this lacuna, we take advantage of decision-
aiding methodologies to introduce a new normative framework. According to
this framework, a conservation policy is positively evaluated if it contributes to
conservation, is science-based, operational, and legitimate. Based on an explo-
ration of the published literature and unpublished reports and databases, we
identify knowledge gaps plaguing the European habitat conservation policy.
We argue that, due to these knowledge gaps, the contribution of this policy
to the conservation of habitats is unproven, it is not science-based, not op-
erational and not legitimate. Our study draws heavily on the French imple-
mentation. Analyzing this example, we highlight knowledge gaps that carry
lessons for European conservation policies as a whole, but also for conser-
vation initiatives focused on habitats in a broader geographical and political
context. We then identify concrete means to strengthen habitats conservation
policies.

yond the acknowledged importance of assessing public
policies (Ferraro & Pattanayak 2006, SI-Table 1-D1), its

Natura 2000 (N2000) is the world’s largest network of
conservation sites (Evans 2012), covering more than 18%
of the European Union (EU) land’s area. The Birds and
Habitat Directives (BD and HD; Supporting Information
[SI], SI-Table 1-B1-B2) require that Member States cod-
ify European protections in National laws and actively
implement them within this network. The corresponding
conservation actions focus on “Species of Community In-
terest” (SCI) and “Habitats of Community Interest” (HCI)
listed in annexes of the Directives (HCI are presented in
“EUR28”: SI-Table 1-A1; SI-Table 4).

The habitat aspect of this policy embodies the largely
justified ambition to overcome species-focused ap-
proaches by targeting ecosystems (Keith et al. 2013). Be-
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evaluation therefore has a particular significance for con-
servation. However, although several studies address the
impact of N2000 on various taxa (birds: Pellissier et al.
2013; Sanderson et al. 2015; terrestrial vertebrates: Maio-
rano et al. 2015; bats: Lison et al. 2013)), its habitat aspect
has not been systematically assessed (SI-Table 1-A2).

We address this lacuna through an analysis mostly fo-
cused on France, used as an example to draw lessons for
Europe as a whole. Indeed, according to the subsidiarity
principle (SI-Table 1-B3), N2000 is orchestrated at EU-
scale, but Member States implement it as they see fit.
This diversity of implementations provides opportunities
to learn from local experiences, which is our approach
here.

Copyright and Photocopying: © 2016 The Authors. Conservation Letters published by Wiley Periodicals, Inc. 1
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Table 1 Indeterminacy of translation between the functional ecology literature and HCl practice

The ontology of functional ecology

The ontology of HCI practitioners

Reference

Categories used to describe habitats

Nonexhaustive list of HCl and non-HCI categories (including syntaxons) to

which the habitat could belong

Andueza et al. 2010
Ansquer et al. 2009

de Vries et al. 2012

Gardarin et al. 2014

Garnier et al. 2004;
Cortez et al. 2007

Vile et al. 2006 ;
Garnier et al. 2007 ;
Fortunel et al. 2009

Quétier et al. 2007,
Lavorel & Gargulis
2012, Lavorel et al.
2010

Grassland rich in grasses, Grassland
rich in Forbs
Grazed grasslands

Unimproved grassland,
semi-improved and improved
grasslands

Grazed and mown permanent
grasslands

A successional sere following
vineyard abandonment in the
Mediterranean region of France

Agroecosystems

Arable rotation

Fertilized hay meadow
Unfertilized hay meadow without
Festuca paniculata

Unfertilized hay meadow with Festuca

paniculata
Grazed pasture without Festuca

paniculata

Grazed pasture with Festuca
paniculata

Never mown >2000m grasslands

Steep grazed slopes

6430 Hydrophilous tall herb fringe communities of plains and of the
montane to alpine levels

6510 Lowland hay meadows (Alopecurus pratensis, Sanguisorba
officinalis) Agrostietea stoloniferae Th. Mill. & Gors 1969

Plantaginetalia majoris Ttixen ex von Rochow 1951

Agropyretalia intermedii-repentis Oberd., Th.Mll. & Gors in Th. Mll.
& Gors 1969

Artemisietea vulgaris Lohmeyer, Preising & Tlixen ex von Rochow
1951

Crataego monogynae-Prunetea spinosaee Tixen 1962

6220 * Pseudo-steppe with grasses and annuals of the
Thero-Brachypodietea

6430 Hydrophilous tall herb fringe communities of plains and of the

montane to alpine levels
6510 Lowland hay meadows (Alopecurus pratensis, Sanguisorba

officinalis)

Agrostietea stoloniferae Th. Mull. & Gors 1969

Plantaginetalia majoris Ttixen ex von Rochow 1951

Agropyretalia intermedii-repentis Oberd., Th.Mill. & Gors in Th. Mull.
& Gors 1969

Artemisietea vulgaris Lohmeyer, Preising & Tlixen ex von Rochow
1951

Crataego monogynae-Prunetea spinosae Tuixen 1962

Polygono arenastri-Poetea annuae Rivas Mart. 1975 corr. Rivas
Mart., Bascones, T.E.Didz, Fern.Gonz. & Loidi 1991

Sisymbrietea officinalis Gutte & Hilbig 1975

Stellarietea mediae Tuxen, Lohmeyer & Preising ex von Rochow 1951

CORINE Biotopes 81

Agrostietea stoloniferae Th. Mull. & Gors 1969

6430 Hydrophilous tall herb fringe communities of plains and of the
montane to alpine levels

6170 Alpine and subalpine calcareous grasslands

Festucetum paniculatae austro-occidentale centuretosum Lacoste
1970

6170 Alpine and subalpine calcareous grasslands

Festucetum paniculatae austro-occidentale centuretosum Lacoste
1970

6170 Alpine and subalpine calcareous grasslands

Plantaginetalia majoris Tuxen ex von Rochow 1951

6170 Alpine and subalpine calcareous grasslands

Plantaginetalio majoris Ttixen ex von Rochow 1951

Festucetum paniculatae austro-occidentale centuretosum Lacoste
1970

6170 Alpine and subalpine calcareous grasslands

6110 * Rupicolous calcareous or basophilic grasslands of the
Alysso-Sedion albi

6170 Alpine and subalpine calcareous grasslands

Festucetum paniculatae austro-occidentale centuretosum Lacoste
1970

Plantaginetalia majoris Ttixen ex von Rochow 1951
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Table 1 Continued

Evaluating the European habitat policy

The ontology of functional ecology

The ontology of HCI practitioners

Reference Categories used to describe habitats

Nonexhaustive list of HCl and non-HCI categories (including syntaxons) to
which the habitat could belong

Storkey et al. 2013 Cereals and Brassica cultivated plots,
Annually established seed mix

Floristically enhanced grass

Natural regeneration of the naturally

occurring arable flora

Stellarietea mediae Tilixen, Lohmeyer & Preising ex von Rochow 1951

Agrostietea stoloniferae Th. Mull. & Gors 1969

CORINE Biotopes 81
Stellarietea mediae Tlxen, Lohmeyer & Preising ex von Rochow 1951

Sisymbrietea officinalis Gutte & Hilbig 1975
Artemisietea vulgaris Lohmeyer, Preising, & Ttixen ex von Rochow
1951

We used the references enlisted by Garnier et al. (2015; see Table 6.1) to identify a representative list of publications in functional ecology dealing with
the influence of plant traits on ecosystem processes (column 1). We reported the categories used in these articles to describe habitats (column 2) and
identified in each case a series of HCl and non-HCI categories (including syntaxons) to which each category could correspond (column 3). This table
illustrates that, on the basis of the information given in published articles, it is impossible to translate unequivocally the language used by functional

ecologists to describe habitats into the one used by HCI practitioners.

To develop our evaluation, we first introduce a
new normative framework inspired by recent advances
in decision-aiding methodologies. Although the above-
mentioned assessments exclusively focus on the impact of
N2000 on conservation targets, this framework encom-
passes several dimensions of evaluation. Then, explor-
ing the literature and unpublished reports and databases,
we identify knowledge gaps (KG) plaguing HD’s habitat
policy. Gaps between research and practice have been
studied on numerous conservation-related topics (Knight
et al. 2008; Matzek et al. 2014), but the habitat case
is poorly documented. We unveil important problems
in this area, pertaining not only to how ecological ad-
vances can translate into practice, but also to capac-
ity building and institutional design. We then use our
framework to investigate the implications of these KG
for the policy. Finally, we articulate concrete recom-
mendations, and highlight the global significance of our
study.

Policy analytics as evaluation framework

Numerous normative frameworks have been developed
to rationalize evaluations and associated decision-aiding
(De Marchi et al. 2016). Among them, “policy analytics”
states that decision-aiding should be “value-adding” (i.e.
help policies reaching their objectives), science-based, op-
erational, and legitimating (Tsoukias et al. 2013). We pro-
pose to use and adapt this framework because these cri-
teria are of particular relevance to the evaluation of HD’s
habitat policy, for the following reasons:

— HD aims to “maintain or restore natural habitats”
(SI-Table 1-B1). Assessing its contribution to habitat

Conservation Letters, xxx 2016, 00(0), 1-11

conservation is therefore crucial to evaluate it (crite-
rion C1).

— It is largely admitted that scientific evidence and
knowledge should contribute to assess and, in turn,
to improve the effectiveness of conservation ac-
tions (Knight et al. 2008; Dicks et al. 2014; Se-
nior et al. 2015). The evaluation should there-
fore investigate whether the policy is science-
based (C2).

— Because impractical policies are pointless, the evalu-
ation should assess whether the policy is operational
(C3).

— Because N2000 sites witness highly diverse human
activities (Tsiafouli et al. 2013), it is pivotal that
N2000 initiatives be considered legitimate by local
stakeholders and the general public (C4).

These criteria should not be seen as absolute require-
ments, because optimizing one criterion can have detri-
mental consequences on others. For example, a policy
exceedingly reliant on cutting-edge science could be-
come nonoperational because too demanding in tech-
nology and highly specific skills. Similarly, in some sit-
uations, non-scientific knowledge can contribute more
efficiently than science to conservation (Mazzocchi
2006).

We accordingly only assume that, for each criterion
C1-4, all other things held equal, the better the criterion
is satisfied, the more positively the policy should be eval-
uated (Figure la). We now highlight knowledge gaps re-
lating to HD’s habitat policy, and investigate their conse-
quences for C1-4.

Copyright and Photocopying: © 2016 The Authors. Conservation Letters published by Wiley Periodicals, Inc. 3
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(2)

Ex: Bird Directive has a
positive impact on
populations of target
species (Sanderson et al.
2015)

Counterex: Various forest
conservation programs
failed to stop deforestation
in Sub-Saharan Africa
(Contestabile, 2012)

Ex: The French wetland
protection policy uses a
simplified pedological
classification enabling
experts to map wetlands
on the basis of very simple
pedological samplings
Counterex: Pelophylax
lessonae and P. ki
esculentus are impossible
to sort out in the field but
have different protection
statuses (S1-Table1-B6)

(b)

Lack of data on the
state of habitats of '
community interest

(KG1)

Gap between
teaching and
practice (KG3)

...contributes to

...1s operational

...con’l s to

A conservation policy...

...is based on

conservation cutting-edge science

Cl C2
...1s positively evaluated

C3 C4

...1s legitimate

HD’s habitat conservation policy...

conservation

® (1

M. Jeanmougin et al.

Ex: Norms concerning the
concentration of
pollutants in the air (e.g.
Clean Air Act in the US)
are based on up-to-date
scientific measurements
Counterex: Data on which
lists of Bird Species of
Community Interest are
outdated (Cardoso, 2012)

Ex: To ensure legitimacy
of management on N2000
sites, the French law (S1-
Table1-B5) mandates
setting up steering
committee with
representatives of local
users

Counterex: Early attempts
at implementing N2000 in
France, which have been
abandoned because, by
bypassing local
stakeholders, it came
under heavy fire
(Alphandéry & Fortier,
2001)

Gap between
research and
practice (KG2)

Deficiencies in
the epistemic
structure (KG4)

Figure 1 (a) Our evaluation framework, based on “policy analytics,” explained and exemplified. C1-4 stand for the four criteria of evaluation of the policy
under scrutiny. The four criteria should be understood as “all other things held equal” conditions: for any of these criteria, all other things held equal, the
better the criterion is satisfied, the more positively the policy is evaluated. Notice that, in a general setting, maximizing the satisfaction of one criterion can
impair the satisfaction of one or several of the others. Elaborating whether and how the various criteria can be aggregated in such cases falls beyond the
scope of the present article. (b) Our framework applied to habitat conservation policy as part of the Habitat Directive. KG1-4 stand for the four knowledge
gaps (see section Knowledge gaps). Because of KG1, C1is indeterminate. Because of KG2, C2 is unsatisfied. Both notions apply to EU as a whole. Because
of KG3, C3 is unsatisfied in France, where phytosociology is marginal in biology curricula. The French example should set off alarm bells for EU as a whole.
KG4 testifies for a fragility of the European system as a whole, implying that C4 is not satisfied. Based on C1-4, one cannot positively evaluate HD’s habitat

conservation policy.
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Web of Science (WoS)
|

“Habitat* Directive” OR “Habitat* of Community
Interest” OR “Special Area* of Conservation”

!
n="742

(a) “Functional” analysis (b) “Invasive” analysis (c) “Conservation planning” analysis
func* AND two words in: (service® alien OR invasive OR “non- “conservation planning” OR “adaptive
OR ecosystem* OR trait* OR flux* indigenous” OR introduced OR management” OR “management
OR stock* OR mechanis*) exotic OR “non-native species” decision*”” OR “conservation decision*”

1 OR “conservation prioritization”

N

“conservation planning” OR “adaptive

- H H

1 func* ice® 1 1 : . : “ ! H !

1 unc* OR service* OR 1 i alien OR invasive OR “non- 1 ! » P 1

| ecosystem* OR trait* OR flux* i | indigenous” OR introduced OR i i .n?ana§eme11t OR mgnagem.er?t ol

1 * hanis* 1 1 g ; . St ! decision*” OR “conservation decision*”

I OR stock* OR mechanis 1 ! exotic OR “non-native species” | H !
1

OR “conservation prioritization”

| Irrelevant | |C0mextua1| | Relevant | | Irrelevant | |Contextual| | Relevant | | Irrelevant | |Contexlual| | Relevant |
h 4 h 4 h 4 A 4 A 4 A 4 A 4 h 4 h 4

45 99 5 6 32 4 4 18 2

Figure 2 Flow chartexplaining the bibliographical analyses performed on Web of Science Core Collection (Thomson Reuters, NY) and their results. Dashed
boxes represent search on bibliographical corpus. Green dashed boxes mean that search is done on title, abstract and keywords of each publication. Red
dashed boxes mean that search is done on entire text. We first identified a corpus of articles (n) dealing with habitats conservation in the N2000 sense,
by selecting all the articles containing occurrences of “Habitat(s) Directive” or “Habitat(s) of Community Interest” or “Special Area(s) of conservation” in
their abstracts, titles or keywords in the Web of Science Core Collection (timespan: 1970-2016; extensive list of articles can be found in SI-Table 5). On
this first corpus, we then performed three parallel analyses to detect the available scientific knowledge on HCI pertaining to three prominent branches
of ecology and conservation: functional ecology (a), invasive ecology (b), and conservation planning (c). The first step of each of the three analyses
selects a branch-specific corpus by selecting articles containing occurrences of keywords of the corresponding branch in their title, abstract or keywords
(corpuses Niunc, Ninva, Neons, respectively). In a second step, we detect occurrences of keywords of the concerned discipline in the whole text of each
article in corpuses Nsunc, Ninva, Necons- 1N a third step, we categorize these occurrences. Occurrences of branch-specific keywords are termed “irrelevant”
when the detected words are actually homonyms of the searched words, used in another sense (e.g. searching for occurrences of “function” to detect
occurrences of keywords of functional ecology, we select an article where the term “function” is used to refer to a mathematical function). Occurrences of
branch-specific keywords are termed “contextual” when they are used to contextualize the study (e.g. in the introduction or the conclusion of the article)
or when they appear in articles that do not mention any HCI in their main text. Occurrences are termed “relevant” when they appear in the formulation of
scientific results dealing with both HCI and notions pertaining to the concerned branch. The sum of irrelevant, contextual and relevant occurrences can
be greater than the size of the corresponding corpus because some words can appear multiple times in the same publication.

Notice that, in analysis (a), among the ns,nc articles, none is published in what we considered to be influential journals specialized in functional ecology
(Ecosystems, Functional Ecology, Biogeochemistry), influential journals in ecology with sections devoted to functional ecology (New Phytologist, Ecology,
Journal of Ecology, Oikos, Oekologia, Ecology Letters, Global Change Biology, Basic and Applied Ecology) or important review journals (Trends in Ecology
and Evolution, Annual Reviews of Ecology, Evolution and Systematics, Biological Reviews). As addendum to analysis (b), all invasive species names from
DAISIE, TAXREF v9 and EPPO Lists of Invasive Alien Plants (see SI-Table 3) were also searched in the general corpus (n = 742) on title, abstract and
keywords. Linnaean binomial Latin names were used for each species because complete names (with authors and date) are not always given in articles.
All synonyms were also checked using the French Taxonomic Reference Source TAXREFV9 (SI-Table 1-C5). This supplementary analysis does not reveal
any other relevant articles than those previously detected by the principal analysis with ninya.

Conservation Letters, xxx 2016, 00(0), 1-11  Copyright and Photocopying: © 2016 The Authors. Conservation Letters published by Wiley Periodicals, Inc. 5



Evaluating the European habitat policy

M. Jeanmougin et al.

A
L ++
The sample studied : T
only contains HCI * T
» | The result
> holds true in
Original results in A terms of HCI
the publication HCI are an unbiaised ++ +H
A subsample of the Tt
6 ) ’ £ t +
§ * Reclassify the data | sample studied +
g N N in terms of HCI >
_ﬂ_‘. . P4
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(e.g. effect trait) » | The result does
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.
J

Figure 3 Schematic explanation of the analyses needed to translate typical results published in scientific journals into results usable in the field by N2000
practitioners, using results in functional ecology as a focal example. The left panel schematizes the results of a fictive scientific article, demonstrating a
linear relation between a given ecosystem parameter and a given ecosystem process, for a series of habitats represented by black crosses and described
in the original article using one or several of the categories exemplified in Table 1, column 2. Green and red crosses in the right panel respectively represent
habitats that would be categorized as HCl and non-HCl using HD practitioners’ categories, as exemplified in Table 1, column 3.

Evaluating HD’s habitat policy
Knowledge gaps
Lack of data on HCI conservation status (KG1)

HD requires that Member States periodically perform
conservation status assessments of HCI along three eco-
logical parameters: range, coverage, and structure and
function (article 17 evaluation: A17E). In each country,
each HCI is evaluated in each biogeographical region (SI-
Table 1-D2) where it occurs. The latest A17E (SI-Table
1-A3) spans over 2007-2012.

The methods and results of A17E are gathered by the
European Topic Center on Biological Diversity (ETC-BD:
SI-Table 1-D3) in a European-wide database (SI-Table
1-C1). France produced an additional, more detailed,
database (SI-Table 1-C2). According to these databases,
in France, evaluations based on a “complete survey or a
statistically robust estimate” (in the official terminology:
SI-Table 1-A4) are marginal (6.3%). 52.5% of evalua-
tions are admitted to be based on data that are “partial”
and 38% are “based on expert opinion.” The lack of data
is especially patent for structure and function: 85% of

evaluations are expert opinions (SI-Table 1-C2). This can
be compared with evaluations of population size and pop-
ulation trends of Bird SCI in France in the BD reporting
(SI-Table 1-C3), among which 44 % are complete surveys
and 7% are expert opinions. At European level, complete
or statistically robust surveys are more important but in
minority (16.6%), experts opinion are less dominating
but still important (22.7%), and significantly more so
(x?-test: P < 0.001) for structure and function (43.4%).

For each biogeographical zone/country/HCI combina-
tion, A17E provides an aggregate conservation status for
all sites inside and outside N2000. A handful of countries
(France, UK, Belgium, Germany, and Austria: SI-Table 1-
A4) also produce evaluations at site level. However, these
initiatives lack coordination (Maciejewski et al. 2016).
The site-level French database (SI-Table 1-C4) contains
information encoded in categories different from the ones
used in A17E, with admitted ambiguities of translations
between the two (SI-Table 1-A5). Besides, standardized
evaluation methods are available only for a minority of
HCI (in France: 52 HCI out of 132).

To sum-up, the data on the conservation status of HCI
are of two sorts, too heterogeneous to be aggregated:

6 Conservation Letters, xxx 2016, 00(0), 1-11  Copyright and Photocopying: © 2016 The Authors. Conservation Letters published by Wiley Periodicals, Inc.
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® A17E, which lumps together all sites at biogeo-
graphic/country level and is weakly based on complete
or statistically robust estimates.

® Evaluations at site level, which are scarce and non-
standardized.

Gap between research and practice (KG2)

Following the CORINE (SI-Table 1-A6) and Palearctic
habitat classifications (Devilliers & Devilliers-Terschuren
1993), the denomination and descriptions of HCI (de-
tailed in regional manuals such as the French “Habitat
Books”: SI-Table 1-A7) are largely based on phytosocio-
logical categories (“syntaxons”; Evans 2010).

To establish whether conservation actions based on
HCI or phytosociological categories can take advantage of
ecological advances, we explored the peer-reviewed liter-
ature in three disciplines that we take, for complementary
reasons, to be the ones that should be the most usetul for
HD practitioners:

(a) Functional ecology because European texts emphasize
the importance of preserving ecological function-
ing, and the A17E structure and function evalua-
tion patently lacks data (3.1.1). We identified 113
articles in the literature about ecological functioning
on N2000 habitats (Figure 2a). However, key terms
of functional ecology are used there mainly to de-
scribe the context; only five articles refer both to
HCI and functional ecology in their results. This illus-
trates that functional ecology and N2000 do not have
a shared ontology: functional ecologists do not use
HCI categories to elaborate and design their projects
and never articulate results in this language. To be
able to use these results, practitioners would have to
reanalyze raw data to reclassify them in HCI terms,
and redo analyses to see whether published results
persist when translated (Figure 3).

(b) Invasive ecology because other European policies tar-
get invasive species (Beninde et al. 2015) and A17E
takes them as an important threat to habitats (SI-
Table 1-A4). Definitions of habitats in practitioner’s
manuals (SI-Table 1-A7) are however based on lists
of “index species” often including invasive species.
Depending on the invasive database used, 8-28% of
the HCI present in France have, among their “in-
dex species,” at least one species considered inva-
sive in France (SI-Table 3). Robust knowledge on
the impact of invasive species on HCI is therefore
greatly needed, especially for HCI with index inva-
sive species. However, to date, only four articles dis-
play results on the impact of invasive species on HCI
(Figure 2b).

Evaluating the European habitat policy

(c) Conservation planning because Popescu et al. (2014)
identified it as the dominant discipline in the N2000
literature. We identified only 24 articles pertaining to
this discipline on habitats (suggesting that the litera-
ture identified by Popescu et al. (2014) mainly dealt
with the species aspects of N2000), and only two re-
ferred both to HCI and conservation planning in their
results (Figure 2c).

The three corpuses, therefore, illustrate the same prob-
lem: despite their potential usefulness for HD practition-
ers, published results are not usable because they are not
expressed in the categories that practitioners use, and
translating them would be a scientific task on its own. As
a consequence, it is not surprising that, among the 3117
evaluations performed as part of A17E, only 312 (10%)
refer to articles published in journals listed in the Journal
of Citation Reports (SI-Table 2).

Gap between teaching and practice (KG3)

Associated with the fact that academics rarely use phy-
tosociological categories, phytosociology tends to dis-
appear from ecology curricula. In France, all biology
universities have marginalized phytosociology teaching
(Bouzillé 2007); only four 1-week-long continuing for-
mations are dispensed in phytosociology per year (SI-
Table 1-D4). Phytosociology teaching remains more de-
veloped for example in Italy, Spain, or Eastern countries
(e.g. SI-Table 1-D5). But the durability of this situation is
uncertain if phytosociological categories vanish from the
scientific literature.

Deficiencies in the structure of the epistemic
community (KG4)

One of the strengths of N2000 is that numerous interna-
tional experts were involved in its construction through
seminars and experts groups (Evans 2012; Popescu et al.
2014). However, the French A17E database reveals
problems in the structure of these panels. Although
A17E involved more than 800 contributors, writing was
largely confined to expertise institutions (81%), whereas
research and teaching institutions played a marginal
role (<5%). Among the 319 evaluations by expert
institutions, all but one were performed by “Conserva-
toires Botaniques,” institutions representing botanists
and phytosociologists. The relevance of these actors for
A17E is indisputable but others, including researchers
and managers, also have insights to contribute, and
the panel is biased against them (Figure 4). Social and
economic scientists or experts could also contribute by
improving the identification of threats impacting habitats
and policies contradicting N2000 actions. Going beyond
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Figure 4 Institutional and disciplinary balance in the composition of the panel involved in the latest A17E in France. These information are from the
French A17E database (SI-Table 1-C2). The database provides names and institutional affiliations for most of the experts involved in the evaluation. Part
(a) of the graph reproduces the data from this database. To construct part (b), we used the disciplinary affiliation presented by the various experts on
the websites of their institutions. “Conservatoires Botaniques” are the only exception, because most of the experts from these institutions do not have a
personal page presenting them in the website of the “Conservatoire Botaniques” to which they belong. Since “Conservatoires Botaniques” are institutions
devoted to botany and phytosociology, we classified experts from Conservatoires Botaniques in the disciplinary category “phytosociology.”

European guidelines, the French database, therefore,
unveils problematic biases invisible at European level.

Moreover, as far as reports indicate (SI-Table 1-A8), it
has not been verified that the various A17E evaluators
agreed in their understanding of “conservation status”.
The European guidelines (SI-Table 1-A4) do not require
any such verification. Similarly, the construction of site
scale methods (SI-Table 1-A9-A19) admits that “conser-
vation status” is unproblematic for the panel of experts
involved. Recent discussions (Epstein et al. (2016) on
species, Boitani et al. (2015) on ecosystems, Maciejewski
et al. (2016) on habitats), however, prove that the notion
of conservation status is still open to largely divergent
interpretations—despite purported clarifications in an
internal European note (SI-Table 1-A20).

How knowledge gaps undermine HD’s habitat
policy (Figure 1)

Assessing HD’s contribution to habitats conservation
requires sorting out its proper effect from confounding

factors such as historical trends or unrelated policies
(Ferraro & Pattanayak 2006). This requires data on con-
servation status in sites inside and outside the network.
But data on conservation status at site level are scarce
and A17E lumps together statuses inside and outside the
network (KG1). The contribution of N2000 to conserving
habitats is therefore unproven due to a lack of data (C1
indeterminate).

KG2 shows that N2000 practice cannot take advantage
of an important part of published scientific results. Al-
though knowledge relevant to conservation is not con-
fined to the academic world (Burgman et al. 2011), and
A17E and HD practices are based on an extensive unpub-
lished literature, they accordingly appear insulated from
a large part of cutting-edge science (C2 unsatisfied).

In terms of operationality (C3), countries like France
are additionally plagued by a lack in capacity building in
phytosociology (KG3), and one can consequently hardly
expect to find enough phytosociological competences
in the field to produce robust management practices.
In countries where phytosociology teaching remains
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important, the situation is less problematic, but due to
the links between research and teaching, its durability is
fragile.

KG also have implications for legitimacy (C4). In-
deed, the procedural organization of collective scientific
expertise, and in particular a balance between various
knowledge-holders (in terms of institutions, discipline or
background), is increasingly considered pivotal to achieve
the pluralist knowledge liable to inform policies while
bestowing legitimacy on them (Montana & Borie 2016).
KG4 is therefore detrimental to the legitimacy of HD.

To sum up, C1 is indeterminate (due to KG1) and C2
unsatisfied (due to KG2) for Europe as a whole. Con-
cerning C3, due to KG3 in France it is unsatisfied, and
in countries where phytosociology is more developed the
situation remains problematic. Concerning C4, KG4 tes-
tifies for a fragility of the European system as a whole.
Based on C1-4, one therefore cannot positively evaluate
this policy.

Improving European habitat
conservation policies

Updating scientific basis

To ensure that HD’s habitat policy becomes more science-
based, a two-steps European-wide initiative is needed:

(1) First, the identifiability of HCI without referring to
syntaxons should be assessed, and new characteri-
zations clarified in up-to-date guidelines. The point
is not to discard phytosociology, because valorizing
phytosociological knowledge about species assem-
blages and repartition (Ewald 2003; Biondi 2011)
is undoubtedly a cogent strategy for HD. A perva-
sive usage of phytosociological vocabulary, however,
insulates HD from ecological advances. For some
HCI, such as the easily identifiable “Dunes with Hip-
pophae rhamnoides” (2160), a clarification of EUR28
will suffice. For others, deeper reshufflings are nec-
essary. In France, an ongoing work coordinated by
the “Muséum National d'Histoire Naturelle” consid-
ers that 92 HCI (out of 130 analyzed) need clarifi-
cations (V. Gaudillat, personal communication), be-
cause their definitions raise unsettled questions.

(2) Second, uncertainties concerning the rarity status
of HCI should be assessed. The outdatedness of
the knowledge justifying lists of HCI is currently
tackled in a piecemeal, informal way. For example,
Heleochloion schoenoidis communities in Corsica are
part of HCI 3170% but they are now known to be
common, and are informally excluded in cartogra-
phies of HCI (SI-Table 1-A21). A systematic review

Evaluating the European habitat policy

and resolution of similar problems are needed. The
workload will vary from one country to another.
In the UK, the national vegetation classification
(SI-Table 1-A22) involved a country-wide sampling,
providing reliable data on relative rarity. By contrast,
in France, the vegetation prodrome (SI-Table 1-A23)
does not display completeness assessments, and
only 10% of the territory is covered by vegetation
maps (SI-Table 1-A24), which makes current rarity
assessments pointless. In the Mediterranean area,
arguably the most biodiverse in France (Blondel
2010), there is no vegetation catalog available, and
small-scale studies suggest that phytosociological
knowledge is vastly lacunar. A complete biblio-
graphical synthesis in the Préalpes d’Azur (SI-Table
1-A25) hence shows that, for 16 of the 24 HCI
inventoried, no post-1980 source was available, for
three, no sources at all and only one was concerned
by a post-2000 source. Up-to-date phytosociological
knowledge appears practically nonexistent in this
region.

In this process, scientific journals will have a promi-
nent responsibility. Publishing and valorizing catalogues
of plant communities could help increase scientific qual-
ity control and ensure a wider diffusion. This would also
incite researchers to develop collaborations with local
knowledge-holders, which would strengthen the link be-
tween researchers and practitioners.

Ecology journals could also require that authors inte-
grate in their manuscripts a discussion of the translata-
bility of their results in terms of HCI. If this translation
is possible, articulating it will be helpful for practitioners.
If it is impossible, making it clear prevents misinterpreta-
tions.

Building capacity

Strengthening scientific bases is, however, only one as-
pect of the improvements needed. By adopting HD, Mem-
ber States committed to equip themselves with the capac-
ity to implement it. In France, reference institutions for
habitats are “Conservatoires Botaniques.” Their botani-
cal competence is indisputable but they have neither the
obligation nor the financial and human means to perform
teaching (SI-Table 1-B4) and have more limited access to
scientific bibliographical databases than research institu-
tions. This condemns France to competence scarcity. To
perform the two tasks above, the EU and Member States
should learn from this counterexample. They should pro-
vide financial and organizational support to retrieve the
competence to learn, critically assess and renew phytoso-
ciological knowledge.
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Reforming A17E

Our analysis also highlights A17E reforms that should be
moved to the top of the ETC-BD agenda:

(1) The structuration of epistemic communities involved
should be rationalized, e.g. through the work of a
dedicated committee involving ecologists, social sci-
entists, philosophers and practitioners;

(2) Evaluations at site level should become mandatory,
inside and outside the network;

(3) Requirements should be specified in terms of quanti-
tative data content and publication for sources used.

Our recommendations are all costly initiatives. But
numerous N2000 funding instruments (SI-Table 1-A26)
could contribute by integrating them in their guide-
lines. In particular, they represent opportunities for Life-
Nature, the main EU conservation financial instrument,
to fix its inability to address conservation priorities (Her-
moso et al. 2016).

Conclusions

The weaknesses of HD’s habitat policy that we high-
light should not overshadow the undeniable strengths
of N2000: its coherence with international environmen-
tal agreements (Beresford et al. 2016), its contribution to
conserving species (Sanderson et al. 2015), or the breadth
of the network. Our point is not to vility the policy, but
to identify how to improve it. In this respect, our anal-
ysis highlights knowledge gaps that have a more general
bearing than N2000. In particular, problems encountered
if categories used by practitioners and researchers dif-
fer carry lessons for conservation initiatives focused on
habitats whatever their geographical and political con-
text. The same goes for associated problems of capac-
ity building and biased epistemic communities. Accord-
ingly, our concrete recommendations can be transposed
in other contexts, such as e.g. the emergent TUCN red list
ecosystem initiative (SI-Table 1-A27).
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