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ABSTRACT
Natural habitat loss and fragmentation, as a result of development projects, are major causes of
biodiversity erosion. Environmental impact assessment (EIA) is the most commonly used site-specific
planning tool that takes into account the effects of development projects on biodiversity by
integrating potential impacts into the mitigation hierarchy of avoidance, reduction, and offset
measures. However, the extent to which EIA fully address the identification of impacts and
conservation stakes associated with biodiversity loss has been criticized in recent work. In this paper
we examine the extent to which biodiversity criteria have been integrated into 42 EIA from 2006 to
2016 for small development projects in the Montpellier Metropolitan territory in southern France.
This study system allowed us to question how EIA integrates biodiversity impacts on a scale relevant
to land-use planning. We examine how biodiversity inclusion has changed over time in relation to
new policy for EIA and how the mitigation hierarchy is implemented in practice and in comparison
with national guidelines. We demonstrate that the inclusion of biodiversity features into EIA has
increased significantly in relation to policy change. Several weaknesses nevertheless persist, including
the continued absence of substitution solution assessment, a correct analysis of cumulative impacts,
the evaluation of impacts on common species, the inclusion of an ecological network scale, and the
lack of monitoring and evaluation measures. We also show that measures for mitigation hierarchy
are primarily associated with the reduction of impacts rather than their avoidance, and avoidance
and offset measures are often misleadingly proposed in EIA. There is in fact marked semantic
confusion between avoidance, reduction and offset measures that may impair stakeholders’
understanding. All in all, reconsideration of stakeholders routine practices associated with a more
strategic approach towards impact anticipation and avoidance at a land-use planning scale is now
necessary for the mitigation hierarchy to become a clear and practical hierarchy for “no net loss”

objectives based on conservation priorities.

Highlights

The inclusion of biodiversity features in EIA has increased in relation to new policy.

The analyses of cumulative impacts and ecological networks remain weak.

. Proposed mitigation measures are often poorly defined and primarily concern reduction of
impacts.

e Avoidance measures are seldom implemented within EIA.

e Astrategic approach based on priorities for avoidance could render mitigation measures a true
hierarchy.



1. Introduction

Natural habitat destruction by development projects (e.g. linear infrastructures, urbanisation,
commercial centres, quarries, etc) has continued to cause the loss of genetic and species diversity,
the fragmentation of natural habitats and the degradation of ecosystem function (Fahrig, 2003;
McKinney, 2008; MEA, 2005). Many countries have thus developed instruments that attempt to
ensure a « no net loss » (henceforth NNL) of biodiversity with measures to attenuate and mitigate
the loss of biodiversity in the face of land development (Bull et al., 2016; Hassan et al., 2015; Maron
et al., 2016). The development of the NNL paradigm, and its application in land-use planning, has
however encountered difficulties due to inconsistencies in the way its underlying concepts are
framed (Apostolopoulou and Adams, 2015; Bull et al., 2016; Gordon et al., 2015), how impacts are
compared with a baseline to assure NNL (Bull et al., 2014; Maron et al., 2016, 2015). Indeed, in
practice, NNL appears to be impossible, there is nearly always some form of decline in biodiversity - a
sort of generalised net loss impossible to avoid, but never explicitly presented (Aronson and Moreno-
Mateos, 2015; Maron et al., 2012; Moreno-Mateos et al., 2015). In relation to these difficulties, many
countries have developed two main instruments to apply NNL policy in their land-use planning
procedures.

The first of these instruments concerns Environmental Impact Assessment (henceforth EIA) that
developed during the 1970’s to become a key instrument in site specific planning for biodiversity
(Mandelik et al., 2005) and environmental management (Morgan, 2012). EIA contributes to the
assessment and anticipation of development projects and their impacts and to the adoption of pro-
active policy to mitigate the impacts of such projects. However, many authors have pointed out
recurrent weakness in the identification of impacts and the conservation stakes associated with
biodiversity (Byron et al., 2000; Drayson et al., 2015; Gontier et al., 2006; Thompson et al., 1997,
Treweek and Thompson, 1997). EIA has also been criticised because choices among alternative
options for development projects are more often based on socio-economic considerations than on
ecological arguments (Bonthoux et al. 2015), the delimitation of the area used to assess impacts is
often made on a non-ecological basis (Geneletti, 2006), measurable indicators or quantitative
predictions are rarely used (Mandelik et al., 2005; Samarakoon and Rowan, 2008), and because the
assessment of the relevance of an impact is unclear (Atkinson et al., 2000; Khera and Kumar, 2010).
In addition, the study scope is often poorly defined or too narrow; many studies only assess
biodiversity in terms of species populations’ with little attention paid to understanding of effects on
ecological processes, ecosystem function or genetic variation (Atkinson et al., 2000; Gontier et al.,
2006; Khera and Kumar, 2010). Finally, although the determination of the significance of impacts has

become more standardised, accurate and more clearly justified, several limitations remain in terms
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of the identification of significant impacts and the lack of monitoring (Briggs and Hudson, 2013;
Mandelik et al., 2005; Treweek and Thompson, 1997).

EIA provides basic information for the identification of NNL objectives within the context of a
second major policy instrument, the so-called mitigation hierarchy. This hierarchy provides a policy
framework to identify the process by which environmental impacts from development can be
“avoided”, unavoidable impacts “reduced”, and residual impacts “offset” (Maron et al., 2016). This
mitigation hierarchy has also become a subject of concern in terms of its environmental efficiency,
social implications and ethical basis (Gobert, 2015; Gordon et al., 2015; Levrel et al., 2015; Lucas,
2009; Maron et al., 2016; Moreno-Mateos et al., 2015). Despite high scientific tractability, it begets
only moderate implementation tractability and clear-cut rules on how to classify certain impacts
within the mitigation hierarchy and in the use of its terminology, barely exist (Martin, 2015; Bull et
al.,, 2016; Maron et al., 2016). In addition, the common reliance on offsetting to achieve NNL has
received serious criticism due to the fact that offsets are rarely adequate, complete offsetting may be
illusory due to the complexity of ecological processes (Gardner et al., 2013; Moreno-Mateos et al.,
2015) and weak institutional organisation of the mitigation hierarchy impairs attempts to achieve
NNL(Jacob et al., 2015; Lucas, 2009). Problems associated with identifying ecological equivalence and
the absence of a systematic regional approach further undermine the efficiency of the mitigation
hierarchy (Habib et al., 2013; Kujala et al., 2015).

The objective of this study is to examine how biodiversity is integrated into EIA and then defined
and treated in the mitigation hierarchy. We examine this issue in relation to recent changes in French
policy and recommendations to improve the EIA procedure and implement the mitigation hierarchy.
In this context, our study addresses four main questions. First, how are impacts on biodiversity taken
into account in a large sample of EIA, all elaborated within a single territory? Second, is there a
significant effect of new policy that proposes to make a more detailed analysis of biodiversity
features and their inclusion in EIA? Third, how are cumulative impacts taken into account for the
study area? Finally, how well are impacts and propositions made in the EIA defined within the

mitigation hierarchy in relation to French national guidelines?



2. Methods
2.1. Case study

To undertake this study we analysed 42 EIA associated with projects in a single territory, that of
the Montpellier Metropolitan Territory (31 municipalities) and nine adjoining municipalities in
southern France (Fig. 1). This form of territorial grouping allows the different local municipalities to
mutualise their objectives and obligations (waste treatment, sanitation, economic development ...)
and to develop coherent urban land-use planning strategies. The territory contains a patchwork of
semi-natural Mediterranean-type habitats rich in biodiversity, various agricultural areas and is one of

the fastest developing metropolitan territories in France.

Il Studied projects
++=+ Railway project
[ Highway project
Metropolitan boundary
Landuse :
Urban area

N Agriculture
6 K wl . Natural areas
m Y8 Ponds and Sea

Figure 1: Spatial distribution of the 42 EIA elaborated in and around the Montpellier Metropolitan territory in
France from 2006 to 2016.

The 42 EIA we studied represent a large number of small-scale projects each of which has impacts
primarily on common species and habitats and, to a lesser extent on protected habitats and species.
The EIA for the 42 projects were elaborated between 2006 and 2016. Two major infrastructures
projects that had EIA documents elaborated during this time period were not used in the initial
analyses because their impact concerned several municipalities and different types of ecosystem.
Hence, the amount of money and time invested in the EIA production was way above that of all the

other 42 projects. The two infrastructure projects are thus not comparable with the 42 small-scale
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projects. We thus only used the information in these two EIA in the analysis of cumulative impacts on
biodiversity (see below). Thirty-nine of the development projects are small-scale development zones
or housing projects, there is one photovoltaic solar power plant project and two short sections of
local road construction. They all have irreversible impacts on terrestrial habitats. The EIA of each
project was obtained from the archives of the State environmental agency in the study region

(DREAL), the authority in charge of examining EIA.

2.2. A data base to examine biodiversity inclusion in EIA

We conducted a systematic examination of the extent to which biodiversity is included in each of
the 42 EIA. To do so we analysed six criteria, or questions, that reflect the organisation of the
different chapters of an EIA (Table 1). The first criterion concerns a “baseline” description of the
impacted zone in terms of species and habitats present, ecological networks, ecological equilibria
and ecological interactions. The second involves how “data” are collected and their pertinence. The
third concerns a description of the “impacts” which may be positive or negative, direct or indirect,
temporary or permanent and can be cumulative with those in other development projects. The
fourth requires an assessment of alternative (“substitution”) solutions and a test of the compatibility
with existing planning documents. The fifth involves descriptions of the necessary “measures” that
are proposed for implementation within the mitigation hierarchy. The sixth criterion relates to
propositions for “monitoring and evaluation”. To provide quantitative and qualitative response data
in relation to these questions, 32 indicators concerning how biodiversity is included in an EIA were

developed (Table 1).



Criteria Question n° Indicator Number of positive responses
Significance
Before After g‘
Total number | of increase
June June
(%) after June
2012 2012
2012
Baseline Is the baseline | 1 | pefinition of an area of effects (different to study area) 3 12 15 (35.7%) **
comprehensive - enough _ to 2 | Stud I than th ject b dari 1 15 16 (38.1%, HEx
provide a basis to evaluate udy of a larger area than the project boundaries (38.1%)
impacts? 3 | Expertise on all groups of species 4 20 24 (57.1%) FEx
4 | Detailed inventory of flora in the study area 7 18 25 (59.5%) **
5 | Detailed inventory of fauna in study area 4 16 20 (47.6%) HAE
6 | Description of natural habitats 10 17 27 (64.3%) ns
7 | Natural features totalised on a map of the study area 5 12 17 (40.5%) ns
8 | Study of local ecological connectivity 6 19 25 (59.5%) *HE
9 | Study of regional ecological connectivity 0 7 7 (16.7%) **
10 | Study of ecosystems, species and populations 0 7 7 (16.7%) **
11 | Reference to/or study of ecological interactions 0 0] 0 (0%) 0
12 | Reference to population dynamics or studies 3 9 12 (28.6%) ns
13 | Argumentation for inclusion of common biodiversity 2 8 10 (23.8%) ns
Data Are data gathered in a| 14| Field trip 16 21 37 (88.1%) *
reliable way and correctly
15 | More than one season of prospection 5 20 25 (59.5%) *Hk
referenced?
16 | Clear reference to database employed 12 20 32 (76.2%) **
17 | Consultation of the relevant scientific literature 5 15 20 (47.6%) **
Impacts Are all the impacts explained | 18 | Evaluation of the significance of each impact 3 3 6 (14.3%) ns
and properly evaluated?
19 | Identification of direct and indirect impacts 12 17 29 (69.0%) ns
20 | Identification of temporary and permanent impacts 15 17 32 (76.2%) ns
21 | Description of possible cumulative impacts 0 17 17 (40.5%) Hkx
22 | Explanation of the method used to evaluate impacts 4 14 18 (42.9%) **
Substitution | 'S there an attempt to avoid | 23 | Study of alternative solutions 0 4 4 (9.5%) ns
impacts on natural
environments at the | 24 | Study of the alternative "without project” 1 0 1 (2.4%) ns
beginning of the EIA?
Measures Are the measures explained | 25 | petailed description of mitigation measures 6 19 25 (59.5%) wEH
and detailed enough to 6 | Distinction b " P 20 (47.6% o
potentially balance impacts? 6 | Distinction between each type of measure 5 5 0 (47.6%)
Use of a method to propose offsets based on
27 i f prop i 0 0 0 (0%) 0
equivalence
Reference to a time lag between losses and future
28 0 0 0 (0%) 0
offsets
Monitoring Are ways to ensure success | oq | nMention of success probability of mitigation measures 0 2 2 (4.8%) ns
and and sustainability of
evaluation | measures proposed? 30 | Scheduling of a monitoring-evaluation programme 1 12 13 (31.0%) *Fx
31 | Definition of indicators for monitoring and evaluation 0 5 5 (11.9%) *
32 | Mention of sustainability of the measures 1 1 2 (4.8%) ns

ns, not significant; * p < 0.05, ** p <0.01, *** p <0.001

Table 1: Criteria used to assess the inclusion of biodiversity in 42 EIA in the Montpellier Metropolitan territory

from 2006 to 2016. Criteria concern six questions that are assessed with a total of 32 indicators. For each

indicator, the number of positive responses (i.e. score of 1) before and after June 2012 are recorded and

significant differences are tested with a Fisher exact test.




Each indicator is noted with a score of 1 or 0, depending on whether the response is positive
(inclusion of biodiversity) or negative respectively. The sum of the scores for each indicator was used
to examine where and how EIA best integrate biodiversity. To do so, an “Index of Biodiversity
Inclusion” (IBI), adapted from Atkinson et al. (2000), was calculated. IBI calculation is based on the
number of positive answers (P) relative to the total number (N) of questions (32 for EIA involving
offsetting measures, 30 for the others): i.e. IBl = P/N.

Given the binomial nature of the response data, analyses were made using Fisher exact tests and
percentages were compared using a nonparametric Wilcoxon test, for several predictor variables of
the IBI. The variables we tested concern project size (humber of pages in the EIA), the type of natural
environment impacted, the involvement of expert naturalists in the EIA, the need for compensation
measures and the need for an authorisation to destruct the habitat of protected species. Linear
regression analyses were used in the case of quantitative data for some of the indicators (e.g. surface
area and number of pages).

We tested whether the adoption of new policy, aimed at reforming the procedure for EIA and the
mitigation hierarchy in France, has had an impact on the integration of criteria to more fully assess
impacts on biodiversity and measures for conservation within the mitigation hierarchy. This policy
came with the law n° 2010-788 published on the 12 July 2010 relative to national commitment for
the environment, with the application of the decree n° 2011-2019 of December 2011 and put into
force in June 2012. The main changes introduced by this reform concern the need to enlarge the
scope of EIA for all projects that may have a significant impact on the environment, the requirement
of propositions for measures for implementation within the mitigation hierarchy, an evaluation of
cumulative impacts, the necessity of a monitoring plan and the necessity of environmental
compliance (Quétier et al., 2014). To examine the effect of this policy we compared IBI for the 21 EIA
that were made before June 2012 with the 21 EIA made after this date.

To study the cumulative impact of the 42 development projects in the studied territory, one the
recommendations of the policy reform, we examined the spatial distribution of projects and the
number of projects that have a moderate, high or very high impact on listed species using GIS
software. We also quantified the number of projects that impact on each of the listed species that

incur impact in at least one EIA. The identity of the listed species is provided in Appendix 1.

2.3. Attribution of measures to the mitigation hierarchy

Finally, we examined how the 42 EIA propose measures within the mitigation hierarchy relative to
definitions for each level of the hierarchy in recent national doctrine (MEDDE, 2012) and guidelines
(MEDDE, 2013) proposed by the French Ministry of Ecology. First, avoidance measure are those that

supress any impacts ahead of the project development by the abandon of the project, changes in its
8



perimeter or surface area, or the choice of a new site or use of technical solutions. Second, reduction
measures involve the implementation of technical solutions to alleviate impacts during construction
and exploitation. Third, offset measures aim to maintain or enhance biodiversity features that are
impacted by a project. These include ecological restoration and the recreation and management of
natural habitats, species communities, and ecological networks and can thus include the
reinforcement of natural populations or their reintroduction. Finally, support measures can be
proposed to improve the efficiency or to ensure the possible success of biodiversity offset initiatives
and include knowledge improvement, methodological development, etc.

We quantified the number of measures proposed within each EIA for each of these four types of
measure and re-evaluated and recompiled the number of measures for each of these measures in
relation to definitions in the ministry doctrine. Then, we compared the number of measures in each
level as proposed by the EIA, with the number of measures reclassified according to ministry
definitions and quantified the number of transitions among levels along the hierarchy. In this way,
transitions are negative when EIA makes a more ambitious definition of the measure than the
ministry definition (e.g. an avoidance measure proposed in the EIA is in reality a reduction measure),
and positive if the EIA is more prudent than the official doctrine (e.g. proposed offset measures are in

fact measures that reduce impacts and do not compensate residual impacts).
3. Results

3.1. Inclusion of biodiversity criteria in relation to policy reform

IBI ranged between 0.07 and 0.75 with a mean value of 0.38 (Appendix 2), i.e. a positive response
was observed for an average of 38% of the indicators per EIA. 14 EIA (33%) had a very low IBI (< 0.2)
and 15 EIA (36%) had an index between 0.4 and 0.6. Only six EIA had indexes between 0.2 and 0.4,
seven between 0.6 and 0.8 and no EIA had an IBI > 0.8. As a result, more than two thirds of the EIA
had either a very low IBI (< 0.2) indicative of very little effort to integrate biodiversity issues or an
higher than average IBI of 0.4-0.6. A minority of EIA with a high IBI (>0.6) make a solid effort to take
into account biodiversity.

These different groups showed a clear temporal gap in their occurrence (Fig. 2; Appendix 2). We
observed a significant increase in values for the IBI after 2010 (Wilcoxon test: w = 29.5, p = 1.54e-6)
and after 2012 (w = 303, p = 2.44e-5). EIA conducted before June 2012 had an average IBl of 0.21 and
those conducted post-June 2012 had an average IBI of 0.55. The former test should be viewed with
caution given the small number (n = 10) of EIA prior to 2010. The criteria that contribute to this

increase are mentioned below.
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Figure 2: Index of biodiversity inclusion (IBl) as a function of EIA submission date and temporal benchmarks for
the EIA reform law n° 2010-788 of July 2010 (dotted line) and the EIA reform decree n° 2011-2019 of December
2011 implemented from June 2012 (dashed line).

The policy reform recommended more consistent naturalist expertise on biodiversity. In our
sample we found that the inclusion of expert naturalist advice in a specific section of the EIA
represents a major contribution to the IBI (W = 329, p < 0.001), as does the inclusion of a specific
section on biodiversity (W = 367, p < 0.001). Naturalist expert advice on the fauna, flora and habitats
impacted by a project was present in roughly 50% of the EIA. In 25 EIA (61%) the spatial area of
impacts due to the development project was not clearly defined. When the studied area was
described as going beyond the current perimeter of the project, the limits were usually defined on
the base of land-use borders (roads, field boundary, etc.) or with a buffer zone with an arbitrary
width. In none of the EIA there was evidence of an attempt to assess this area on the basis of the
knowledge of species present in the zone or the functional characteristics of the local ecosystem.
Field studies to provide up-to-date information were made in 37 EIA (90%) but in only 25 (60%) of
these were fauna and flora prospected in more than one season (Table 1), even though two seasons
are a minimum under the Mediterranean climate due to the marked seasonal contrast that impacts
on biodiversity in this region (Thompson, 2005). Nineteen out of 21 EIA (90%) produced after June
2012 involved prospection in more than one season and provide references of databases employed.
Most of the studies provided clear information on the databases used to make the EIA and 20 out of

42 (48%) contain scientific references. In all 21 of the EIA conducted after June 2012 a large range of
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taxonomic groups were analysed, whereas only four of the 21 EIA conducted before June 2012 had
such information. Only seven EIA (~20%) took into account impacts on all three scales of biodiversity
(ecosystem function, species diversity and genetic variation). Ecological interactions were not
included in any of the EIA. In 12 of the 42 EIA (~25%) there were either references to population
dynamics or there was a presentation of impacts on “ordinary nature” (species or habitats without a
protection status).

Although, according to the EIA proportionality principle! promulgated in the policy reform, one
would expect that a bigger project (in terms of project surface area) would have a better index in
terms of biodiversity inclusion because the impact is higher, statistical analyses show that the size of
a development project does not lead to a higher IBI. A similar result was observed for the type of
naturel environment that is impacted by the project. Semi-natural habitats are represented by six
main groups in the study region: woodland, cultivated land, post-cultural fields (semi-open habitat
undergoing secondary succession to scrubland and woodland), wetland, garrigues, heathland and
thickets. For this study, natural habitat is taken into account if more than % of the study area is
concerned. We detected no difference in the IBI for projects impacting these different types of
habitats despite the fact that one would expect a project impacting a more “natural” and typical
Mediterranean habitat (e.g. garrigues) would have a better index in terms of biodiversity inclusion.
Moreover, the larger the part of the EIA dedicated to the natural environment (based on the number
of pages in the EIA), the higher the IBI obtained (Linear regression: F = 2.6948, p < 0.001). The
significance of impacts was only defined and evaluated in six EIA. In 27 EIA (64%) the nature of the
impacts were however detailed as being either direct or indirect and either temporary or permanent.
The necessity of an authorisation to destroy protected species and their habitats or the necessity of
offsetting significant residual impacts of the project, also contributed significantly to the IBI (W = 178,
p < 0.001 and W =264, p < 0.001 respectively).

The policy reform specifically identified the need to assess potential impacts at the scale of the
ecological network (green infrastructure). We observed a significantly higher number of positive
responses after June 2012 for consideration of the ecological network (Table 1). The inclusion of a
study of locally and regionally identified areas of ecological continuity in the territory showed that
the publication of the law and decree produced a three-fold increase in the inclusion of local
continuities and stimulated studies about regional ecological networks (absent from all EIA prior to

June 2012). Impacts on the local ecological network were assessed in 21 EIA, 19 of which were

1 Principle that establishes a link between the size or the level of impact, as a justification for the intensity, and
the requirement level of precision needed to assess the environmental impact (European Directive
2014/52/UE).
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conducted post-June 2012. Impacts at the scale of the regional ecological network were only
assessed in seven EIA (20%), all of which were conducted after June 2012.

The new policy also highlighted the need to assess cumulative impacts on biodiversity. Our results
show that there has been a dramatic appearance and improvement in terms of taking into account
cumulative impacts after June 2012. Prior to this date no EIA performed a study whereas 17 out of 21

EIA (published after this date) clearly mentioned cumulative impacts on biodiversity (Fig. 3).
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Figure 3: The number of EIA that include (dark part of histogram) or do not include (white part of histogram) a
reference to cumulative impacts on biodiveristy in relation to publication of the EIA reform law n° 2010-788 of
July 2010 (dotted arrow) and the EIA reform decree n° 2011-2019 of december 2011 implemented from June
2012 (dashed arrow).

In Figure 3, it can be seen that in 2012, the three EIA that identified a cumulative impact all occur
after June 2012. Basically, cumulative impact assessment involved taking into account projects
spatially close to the project under EIA, with an identification of whether individual species are
impacted in the neighbouring projects. This assessment can range from a simple expert judgment to
a further analysis of impacted species, based on field ecological valuation. Among the 17 EIA which
mentioned cumulative impacts, 12 included an assessment of their impacts on listed species, nine
detected cumulative impacts due to the project, but only two of these explicitly proposed to take
them into account in the mitigation measures. As a result, although projects assessed after 2012
more rigorously described cumulative impacts, there was a lack of proposed action to precisely
quantify such impacts and propose adequate measures within the mitigation hierarchy. To examine

cumulative impacts on listed species, the two infrastructure projects that cross the territory from
12



East to West were added to the study of cumulative impacts. We found that 19 (20%) species are
impacted by a single project (Table 1), 37 species (38 %) are impacted by two to three projects and
41 species (42%) are impacted by more than three projects, with a maximum of 20 projects
impacting one species (Fig. 4). The number of projects that impact the study species is clearly
underestimated; most EIA (60%) do not refer to cumulative impacts and the older EIA do not propose
a complete study of species, natural habitats and ecological functions. Nevertheless, it remains clear
from our study that cumulative impacts on listed species are a regular feature of impacts in the

studied territory.
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Figure 4: Number of listed species impacted as a function of the number of EIA in which an impact is detected.

Finally, the policy reform reiterates the requirement of mitigation measures that include
avoidance, reduction and offset measures, highlights the necessity to outline the main practicable
substitution solutions and proposes monitoring and evaluation to assess the success of mitigation
measures. Only four EIA (10%) studied alternative solutions with criteria on the natural environment
and none of the 42 EIA studied alternative solutions “without the project” (Table 1). Socio-economic
arguments relating to the need for accommodation or employment and coherence with urban
planning documents were the primary reasons used to justify choices made for the project.
Mitigation measures were described and distinguished from one another in roughly 50% of the EIA.
EIA conducted post-June 2012 were significantly clearer about propositions than pre-June 2012 EIA

an important point for the results presented below. For the nine EIA that proposed offset measures,
13



methods based on equivalence between losses and gains were never used and none of the EIA
referred to a time lag between destruction and offset measures. Proposals for monitoring and
evaluation were provided in only 13 EIA (30%) and in these EIA only one out of three provided
ecological indicators with which to evaluate and monitor the benefits of mitigation measures. There

is almost no mention about how to assess the success and sustainability of the mitigation measures.

3.2. Attribution of measures to the mitigation hierarchy

For the 42 EIA analysed in this study, a total of 333 measures were proposed for the different
elements of the mitigation hierarchy. However, when we compared proposed measures with
ministry definitions for these different elements of the mitigation hierarchy, we found that only 40%
of the proposed measures fit the definitions of the national guidelines (Fig. 5). Most of the proposed
measures for avoidance were in fact measures to reduce impacts (40 out of 47 proposed avoidance
measures). The four measures that were truly avoidance measures involved a reduction of the
boundary of the project and landscaping. Almost all measures that proposed a reduction in impacts
are stable; they fit the national definition for a reduction in the impact. For the 27 proposed offset
measures, 11 were in fact measures that reduce impacts, and 15 were correctly defined as offset
measures. All in all, measures to reduce impacts were by far the dominant type of proposition in our
study area and the majority of EIA did not propose “real” offset measures (only 8 out of 42 EIA
propose offset measures). When present, offset measures showed little diversity. The most common
measures are linked to a management project to maintain open habitats that favour the presence of
Mediterranean listed species.

For supporting measures, there was a major confusion of what such measures really represent.
This kind of measure should concern action to improve knowledge (research, experimental project)
and methods, to implement a larger-scale conservation strategy, and/or to delimit protected areas,
all of which should contribute to improve the effectiveness of offset measures. In fact, as Fig. 5
shows, almost all supporting measures were, in fact, according to ministry definitions, measures that
directly relate to a reduction in the impact of the project.

Finally, it should be noted that 34% of all measures proposed in the 42 EIA, were made in absence
of a clear statement about what type of measures are being proposed. When we analysed carefully
this result, we found that all such measures concerned a reduction in the impact of the project (Fig.
5). There was thus a slight balance in transitions, but with a major bias towards a weakening of the
mitigation hierarchy when measures are compared with national guidelines, primarily because

avoidance is a less-used measure than what propositions would suggest (Fig. 5).
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Figure 5: The number of proposed measures (in the 42 EIA) for each category of the mitigation hierarchy (in
left) and how these numbers change (in right) once the proposed measures are reclassified in relation to
definitions of the national guidelines following the EIA reform law of 2010 (A- Avoid, R- Reduce, O-Offset, S-

Support, M-Monitor, NQ- Not qualified in the proposition).

4. Discussion

Our study reveals a clear improvement in how biodiversity is incorporated within the framework
of EIA for development projects during a period of policy reform. However, several important
weaknesses persist and there is much confusion around the definition of measures that are proposed
to alleviate impacts within the mitigation hierarchy. Hence, a gap between promoting biodiversity in

official texts and how biodiversity is integrated into an operational conservation procedure remains.

4.1. Improved but incomplete integration of biodiversity

In this study we have shown an improvement in the inclusion of biodiversity indicators in the
framework of EIA for the Montpellier Metropolitan territory that is correlated with the elaboration of
new policy in 2010 and its application decree. This policy thus has the potential to provide a legal
framework to elaborate a more complete identification of the major stakes associated with
biodiversity in the zone where individual development projects are proposed (baseline approach),
the impacts on species and their habitats in addition to the ecological networks within which they
occur, and the cumulative impacts on biodiversity elements in association with other known projects

in the surrounding territory. In fact, this policy has proposed that alternative solutions to the project
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and its impacts be carefully examined in terms of biodiversity features prior to project development.
However, our analysis of 42 EIA reveals that such alternative solutions are rarely explored in the
framework of their ecological significance. As a result, avoidance, which is supposedly the first
element in the mitigation hierarchy, is rarely employed. This is a critical result because it reveals one
reason why “no net loss” is nigh on impossible to achieve because biodiversity conservation occurs in
a world where there is a background form of generalised “net loss” (Maron et al., 2016; Moreno-
Mateos et al., 2015). This absence of a search for alternative options to avoid impacts and to curtail
biodiversity loss in the very early phases of development projects is a clear indication of the need for
land-use planning agencies to develop a strategy of anticipation for avoidance as a priority to ensure
more efficient biodiversity conservation at a territorial scale, i.e. one that goes well beyond the scale
of individual projects (Kujala et al., 2015). As these authors illustrate, the application of a systematic
conservation planning approach to the question of avoidance (and also offset proposition) could
provide a sound framework for such a strategy based on anticipation.

Although the identification of baseline information on the key environmental stakes in the project
area is clearly more completely assessed in EIA since policy reform, there remain several important
gaps that are open for improvement. For instance, the definition of the study area (beyond just the
area directly impacted by the project) is in most cases still made on an arbitrary basis and the global
ecological network and ecosystem levels are rarely considered in the EIA. Moreover, as illustrated
elsewhere (Atkinson et al., 2000; Gontier et al., 2006; Regnery et al., 2013a), we found that the main
focus remains directed towards listed species and habitats with less interest in common species and
habitats. In addition, we have shown that the presence of listed species has a significant positive
effect on IBI, i.e. their presence partly conditions the quality of the EIA. The problem here is that
common habitats and species play a major role in enhancing biodiversity, particularly by supporting
the interaction of listed species (Elliott and Whitfield, 2011; Gaston and Fuller, 2008) and in terms of
the loss of ecological services that their destruction may cause. Indeed, recent work illustrates how
non-listed species and habitats can be integrated into EIA in a way that recognises both direct and
indirect impacts of large-scale projects on such services (Tardieu et al., 2015).

As recommended by the recent reform policy, we found that the identification of cumulative
impacts has become a common feature of recent EIA. However, their analysis remains superficial in
nearly all of the EIA that refer to cumulative impacts. This is despite our finding that such cumulative
impacts are a common feature of the impacts on several listed species in our study territory. Indeed,
a critical element of our results is the accumulation of impacts by numerous small and isolated
projects that individually may appear to have minor impacts on biodiversity in comparison with large

individual projects, but which, when analysed together over a period of 10 years or more, clearly
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cause major cumulative impacts on listed species. Hence, although we show that cumulative impacts
are more frequently considered in the elaboration of an EIA, they are rarely precisely examined and
qguantified; we found that none of the EIA precisely proposed measures to avoid, reduce or mitigate
cumulative impacts. As a result their effects are largely under-estimated. This remains a second
major reason why the objective of no net loss is still practically impossible to achieve. The question of
how to correctly assess cumulative impacts thus raises several questions for the scientific community
working on the efficiency of no net loss and the mitigation hierarchy (Halpern and Fujita, 2013;
Kiesecker et al., 2010; Tallis et al., 2015; Whitehead et al., 2016) and in particular the need for a
methodology to assess such impacts in order to get out of the “first come, first served” logic that still
remains (Quétier et al., 2014).

A final issue that our study raises, concerns the paucity of monitoring and evaluation measures,
despite the fact that half of the post-June 2012 EIA provide a schedule for their implementation. This
means that there is still a lack of feedback on the true nature and extent of the impacts generated by
development projects and the efficiency of mitigation measures. This lack of feedback is a real
concern for stakeholders and the scientific community (Briggs and Hudson, 2013; Curran et al.,
2014). The development of such feedback - including negative results - could allow local
environmental managers to propose more feasible and efficient measures. In reviews of restoration
experiments (Benayas et al., 2009; Curran et al., 2014; Maron et al., 2012; Moreno-Mateos et al.,
2012), it has been found that biodiversity equivalency between restored areas and reference areas is
rarely if ever reached, and that there are major limits to the effectiveness of restoration action as a
result of time-lags, uncertainty and the measurability of success. Maron et al., (2012) also argue that
restoration action could work and almost attain no net loss only when impacted ecosystem values
can be measured, when results about restoration trials already exist to evaluate their feasibility, and
when time-lag and uncertainty (ecological risk) are assessed and clarified in the “loss compared to
gain” equation. As we show, such issues are seriously underestimated. Results associated with
ecological restoration or eco-engineering actions should thus be examined with much caution
(Benayas et al., 2009; Curran et al., 2014; Maron et al., 2012; Moreno-Mateos et al., 2012; Palmer
and Filoso, 2009) and a wider use of avoidance and reduction measures is a necessity that can no

longer be brushed under the carpet.

4.2. Mitigation measures: blurred semantics

The reform policy we examine is also associated with a clarification of the nature of the different
measures proposed in an EIA for the mitigation hierarchy (avoid, reduce or offset) and the modalities
of monitoring and evaluation of these measures. Our study reveals critical gaps in terms of both

incorporating a functional and wider-scale approach to biodiversity integration in land-use planning
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and how actors understand the true meaning of the different elements of the mitigation hierarchy.
Bull et al. (2016) previously identified this kind of ambiguity and the lack of clarity concerning the
concept of biodiversity offsets in relation to no net loss objectives. Our study confirms this issue and
provides a quantification of the types of confusion concerning the mitigation hierarchy steps at the
EIA level.

For the 42 projects we studied, 60% of the proposed measures are not correctly described in
terms of their place in the mitigation hierarchy and, after reclassification by comparison with the
national guidelines in the reform doctrine, it turns out that almost 90% of all measures concern a
reduction of impacts. So, despite the fact that the mitigation hierarchy provides a framework for the
elaboration of alternative solutions depending on project context and impacts, in practice, a
reduction in impact is by far the most common measure. However, this represents the second “step”
in the mitigation hierarchy, and as discussed above in relation to the search for alternative solutions,
avoidance is rarely proposed.

The semantic confusion in the definitions of avoidance, reduction and offset measures can be
explained by a lack of understanding of national guidelines and definitions. For instance, the 40
reduction measures proposed in EIA as avoidance (Fig. 5) do not supress any impacts of natural
environment features, they simply minimize impacts. For example, propositions for avoidance
founded in an EIA could be the “adaptation of the construction schedule to impacted species” or the
“maintenance of ecological network features in the impacted site”. These two measures are
proposed as avoidance measures in the EIA but they only limit the impacts on biodiversity and do not
avoid or supress the impacts. Only a change in the project perimeter or its reduction so as not to
impact the identified species or features of the ecological network would represent avoidance
measures. In a similar way, “nesting box installation in the development project site” or “plantation
of native flora species for the green areas of the project” are proposed in EIA as biodiversity offset
measures, but in fact, such measures attenuate (reduce) the impact of the project in the long run.

For avoidance to become a reality, stakeholders should thus be questioned in their routine
practices. The existing confusion in the correct identification of proposed measures should be
addressed to prevent uninformed discussions among stakeholders (decision-makers, developers,
architects, regulators, naturalist experts). This issue could be resolved via the formation of consulting
agencies that elaborate EIA, developers and regulators and explanation of what different measures
actually are in terms of the mitigation hierarchy. Enhancement of regulatory agency control, through
standardisation of methods, could also limit this problem. Such options could help homogenize and
reduce misunderstanding among stakeholders, optimize decision-making quality in terms of

biodiversity conservation, and reinforce the IBI level of EIA.

18



Another reason for the relative absence of true avoidance measures could be the fact that the
project boundaries and global form are decided and fixed prior to the elaboration of the EIA. For true
avoidance measures to be proposed, developers and experts should be in contact at the very
beginning of the project conception in order for any changes in the project form that are necessary
to avoid impacts to be made. Hence, a real anticipation of where and what to avoid remains a critical
step towards organizing mitigation measures in a way that the hierarchy may become more efficient
in terms of biodiversity conservation and no net loss target (Kareksela et al., 2013; Kujala et al., 2015;
McKenney and Kiesecker, 2010; Regnery et al., 2013b; Whitehead et al., 2016).

In addition, the proposition of mitigation measures and eco-engineering projects in an EIA does
not fully ensure the practical implementation and success of measures in the field, especially during
the construction and operation phases. This point underlines the necessity of monitoring measures
that are not always well defined. These measures support the implementation and exploitation
phases of the development project and must be greatly improved to ensure a positive effect on
biodiversity conservation.

Finally, in the scientific literature on mitigation there is a rapidly growing literature on biodiversity
offsets (Calvet et al., 2015b). In our sample of many small projects, less than 25% of EIA propose
offsetting measures, most propositions are in fact reduction measures. Indeed, by definition,
offsetting measures should be a last resort solution, with more emphasis and an accurate focus on

avoidance and reduction measures. Otherwise no net loss will remain a lost cause.

4.3. A gap between official texts and EIA in practice

The gap between official texts and EIA in practice can also be seen through the biodiversity
approach taken in EIA. Gontier et al.,, (2006) proposed three scales of approach in order to
characterize how biodiversity is taken into account in EIA: (i) a patch by patch approach that focuses
on single sites or a single biodiversity element with no general overview, (ii) a more functional and
dynamic ecosystem level approach and (iii) a habitat suitability approach that focuses on specific
biodiversity components or processes. The reform doctrine and national guidelines, established in
the framework of the policy reform in France, recommend the adoption of an approach in which
biodiversity and the natural environment represent “natural habitats, animal and vegetal species,
ecological continuities, biological balance, ecological functions, physical and biological features that
are the support of former elements and services provided by ecosystems” (MEDDE, 2012). This is in
marked contrast with the approach adopted prior to the policy reform in which EIA were traditionally
based on a patchwork approach focused almost entirely on listed species and habitats. The approach
adopted in the post-June 2012 EIA is somewhere between a patchwork and habitat suitability

approach, with recommendations for the inclusion of criteria to assess impacts on ecological
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connectivity and cumulative impacts. However, despite the evolution of such guidelines and their
ambitions, they remain distinct and separate from practice. The gap between EIA commitment and
practice thus persists. This result highlights the dilemma discussed by Calvet et al. (2015a) in which
the higher the level of observation of ecological complexity in a system, the more difficult it is to

achieve ecological equivalency and no net loss.

5. Conclusion: pertinence and necessity of a territorial-scale analysis

Our study of a large number of projects in a single area illustrates the pertinence of a territorial-
scale assessment of impacts on biodiversity in order to assess action within the mitigation hierarchy
that may efficiently contribute to a no net loss objective. At the present time a correct assessment of
cumulative impacts is completely absent from land-use planning at the scale on which they occur, i.e.
a given territory or region. Our capacity to detect changes in how ecological networks are addressed
and the major role that cumulative impacts of small projects may have on biodiversity are critical to
this issue. The development of a territorial strategy that shifts from an approach based on treating
“symptoms” at the scale of individual projects (e.g. proposing offsets) to a more preventive approach
focused on the avoidance of biodiversity loss and mitigation of cumulative impacts is now necessary.
The territorial scale represents a pertinent scale on which to develop such a strategic approach that

anticipates for avoidance in order to render mitigation measures a true hierarchy based on priorities.
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Appendix 1: Listed species that are impacted in the studied EIA

Latin name Group
1.  Upupa epops avifauna
2. Malpolon monspessulanus reptile
3. Chalcides striatus reptile
4.  Miniopterus schreibersii mammal
5. Pipistrellus pygmaeus mammal
6. Timon lepidus reptile
7. Rhinechis scalaris reptile
8.  Otus scops avifauna
9. Clamator glandarius avifauna
10. Lacerta bilineata reptile
11. Circaetus gallicus avifauna
12. Burhinus oedicnemus avifauna
13. Lullula arborea avifauna
14. Pipistrellus kuhlii mammal
15. Nyctalus leisleri mammal
16. Rhinolophus ferrumequinum mammal
17. Coracias garrulus avifauna
18. Emberiza calandra avifauna
19. Pipistrellus nathusii mammal
20. Myotis blythii mammal
21. Erinaceus europaeus mammal
22. Psammodromus hispanicus reptile
23. Psammodromus algirus reptile
24. Milvus migrans avifauna
25. Anthus campestris avifauna
26. Podarcis muralis reptile
27. Hyla meridionalis amphibien
28. Tarentola mauritanica reptile
29. Pipistrellus pipistrellus mammal
30. Falco naumanni avifauna
31. Carduelis cannabina avifauna
32. Merops apiaster avifauna
33. Athene noctua avifauna
34. Phoenicurus phoenicurus avifauna
35. Saga pedo insect
36. Lanius senator avifauna
37. Pelodytes punctatus amphibien
38. Caprimulgus europaeus avifauna
39. Sciurus vulgaris mammal
40. Zerynthia polyxena insect
41. Zerynthia rumina insect
42. Cerambyx cerdo insect
43. Tetrax tetrax avifauna
44. Burhinus oedicnemus avifauna
45. Gelochelidon nilotica avifauna
46. Coenagrion mercuriale insect
47. Galerida cristata avifauna
48. Muscicapa striata avifauna
49. Anthus pratensis avifauna
50. Sylvia undata avifauna
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51. Natrix maura reptile
52. Strix aluco avifauna
53. Passer montanus avifauna
54. Sylvia melanocephala avifauna
55. Saxicola rubicola avifauna
56. Hypsugo savii mammal
57. Plecotus austriacus mammal
58. Tadarida teniotis mammal
59. Myotis capaccinii mammal
60. Rhinolophus hipposideros mammal
61. Oxygastra curtisii insect
62. Lanius meridionalis avifauna
63. Pelophylax perezi amphibien
64. Bubulcus ibis avifauna
65. Egretta garzetta avifauna
66. Tytoalba avifauna
67. Circus pygargus avifauna
68. Saxicola rubetra avifauna
69. Sylvia cantillans avifauna
70. Lissotriton helveticus amphibien
71. Anguis fragilis reptile
72. Allium chamaemoly plant
73. Myotis myotis mammal
74. Myotis emarginatus mammal
75. Roeseliana azami insect
76. Arcyptera brevipennis vicheti insect
77. Macromia splendens insect
78. Anemone coronaria plant
79. Gagea granatelli plant
80. Emys orbicularis reptile
81. Emberiza hortulana avifauna
82. Tachybaptus ruficollis avifauna
83. Oenanthe oenanthe avifauna
84. Sylvia hortensis avifauna
85. Ischnura pumilio insect
86. Leucojum aestivum plant
87. Castor fiber mammal
88. Euphydryas aurinia insect
89. Lycosa tarantula insect
90. Uroctea durandi insect
91. Zygaena rhadamanthus insect
92. Satyrium w-album insect
93. Gomphus graslinii insect
94. Mentha cervina plant
95. Tulipa sylvestris plant
96. Astragalus glaux plant
97. Isoetes duriei plant
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Appendix 2: Details of EIA published pre-June 2012 (n=21) and post- June 2012 (n=21) with their overall IBI

based on the relative number of positive (P) and negative (N) responses to the different criteria (n=30 or 32

depending on whether offset measures are necessary).

Pre-June 2012

Post-June 2012

Project IBI P N Project IBI P N
Pre_1 0.2 6 24 Post_1 0.75 26 6
Pre 2 0.23 7 23 Post_2 0.57 17 13
Pre_3 0.23 7 23 Post_3 0.37 11 19
Pre_4 0.5 15 15 Post_4 0.63 20 12
Pre 5 0.27 8 22 Post_5 0.75 24 8
Pre_6 0.4 12 18 Post_6 0.6 18 12
Pre_7 0.63 19 11 Post_7 0.73 22 8
Pre_8 0.13 4 26 Post_8 0.58 18 14
Pre 9 0.1 27 Post_9 0.5 15 15
Pre_10 0.07 2 28 Post_10 0.56 18 14
Pre_11 0.47 14 16 Post_11 0.43 13 17
Pre_12 0.07 2 28 Post_12 0.59 19 13
Pre_13 0.07 2 28 Post_13 0.44 14 18
Pre_14 0.13 4 26 Post_14 0.5 15 15
Pre_15 0.07 2 28 Post_15 0.69 22 10
Pre_16 0.07 2 28 Post_16 0.33 10 20
Pre_17 0.13 4 26 Post_17 0.53 17 15
Pre_18 0.07 2 28 Post_18 0.5 15 15
Pre_19 0.17 5 25 Post_19 0.47 14 16
Pre_20 0.17 5 25 Post_20 0.5 15 15
Pre_21 0.2 6 24 Post_21 0.63 19 11
Mean 0.21 6.24 23.76 0.55 17.24 13.62
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