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Abstract :

The Aichi 2020 Biodiversity Targets are the backbone of many conservation projects. As the 2020
deadline is approaching, countries assess their progress. Target 11 (ABT11) calls for the protection of at
least 10% of coastal and marine areas, while encouraging to focus on areas with particularly important
habitats, notably for coral reefs. This target indirectly poses the question of the definition of habitats and
their level of representation in Marine Protected Areas (MPAs). We hypothesized that success or failure
in achieving the targets could depend on how habitats are defined and considered. To address this issue,
the current level of protection with respect to ABT11 is quantified for a hierarchical inventory of coral reef
habitats in New Caledonia, a country with complex governance and diverse coral reefs. At the country
scale, ABT11 is met with respect to broadly-defined coral reefs due to the presence of large MPAs.
However, reserves are too spatially limited to comply with ABT11 at the provincial scale. The results
appear dependent upon the hierarchical level of precision used to define habitats. While reefs as a whole
meet Target 11, specific habitats, defined at a more detailed description levels, have varying levels of
protection; and some do not meet ABT11. The results highlight that assessments of the achievement of
the 11th Aichi target strongly depend upon spatial scales and habitat classification, at least for coral reefs.
The findings suggest that Aichi compliance assessments worldwide need to take into account variability
and biases linked to habitat description.
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1. Introduction

In 2004, the Conference of the Parties of the Convention on Biological Diversity (CBD) put a
strong emphasis on the role of marine and coastal protected areas (hereafter MPAs) for
effective biodiversity conservation, and committed its members to create MPAs preserving
10% or more of each ecological region of the world by 2010 (UNEP/CBD/COP/DEC/VIL/S).
This ambitious objective was reiterated in 2010, where the CBD Parties endorsed, in Nagoya
— the capital of the Aichi prefecture, in Japan -, the Strategic Plan for Biodiversity 2011-2020.
This plan comprises of 20 Aichi Biodiversity Targets, which are organized under five
strategic goals, so that “/by] 2050, biodiversity is valued, conserved, restored and wisely
used, maintaining ecosystem services, sustaining a healthy planet and delivering benefits
essential for all people” (UNEP/CBD/COP/10/27/Annex). As part of strategic goal C, the
Aichi Biodiversity Target 11 (hereafter ABT11) states that, “by 2020, at least 17 per cent of
terrestrial and inland water, and 10 per cent of coastal and marine areas, especially areas of
particular importance for biodiversity and ecosystem services, are conserved through
effectively and equitably managed, ecologically representative and well-connected systems of
protected areas and other effective area-based conservation measures, and integrated into the

wider landscapes and seascapes” (UNEP/CBD/COP/10/27/Annex).

The Aichi targets have been strong drivers of international and national conservation agendas
over the past decade, and have led to a widespread mobilization of scientists. Work has
notably focused on discussing the targets’ value and feasibility [1-3], debating the
effectiveness of the conservation programs that stem from the targets (e.g., the giant MPAs
[4-5]), and investigating the interactions of the targets with other initiatives (e.g. with the
United Nations Sustainable Development Goals [6]). In practice, the Aichi targets have
guided marine conservation planners with representation targets. The goal of ecological

representation is to have a representative sample of the full variety of biodiversity within a



network of protected areas [7]. This is justified since biodiversity cannot be safeguarded if the
protected areas do not represent well the range of conditions, species, and processes occurring
on the conservation area. Following the representation criteria (and others, such as replication,
connectivity, etc.), conservation objectives within MPA networks often include a certain

percentage of the different habitats occurring in a given area (e.g., [8]).

The short text formally defining the ABT11 was open to interpretation in terms of the entities
that needed protection, since, for instance for the marine realm, ‘coastal and marine areas’ or
‘seascapes’ could be perceived in various ways (see different ‘seascape’ definition in [9]).
Several authors quickly suggested clarifications of the Aichi targets texts. For instance,
Woodley et al. [10] recommended and confirmed the need to target the representation of
ecoregions, sensu Spalding et al. (2007) [11]. The CBD itself also edited several documents in
subsequent years to clarify the targets and provide guidelines to reach them. For instance, in
the series of leaflets named ‘Quick guide to the Aichi Biodiversity Targets’ (available for
Target 11 at https://www.cbd.int/doc/strategic-plan/targets/T11-quick-guide-en.pdf, [12]) the
initial text ‘include areas of particular importance for biodiversity and ecosystem services’
was developed as ‘such as areas high in species richness or threatened species, threatened
biomes and habitats, areas with particularly important habitats (key biodiversity areas, high
conservation value areas, important plant areas, sensitive marine areas etc.) and areas which
are important for the continued provision of ecosystem services’. Furthermore, there are
explicit references to coral reefs, seagrass, or mangroves, which are ecosystems or broad
habitats implicitly nested within an ecoregion, and possibly along with other types of
ecosystems. CBD stated that ‘particular emphasis is needed to protect critical ecosystems
such as tropical coral reefs, sea-grass beds, deep water cold coral reefs, seamounts, tropical

forests, peat lands, freshwater ecosystems and coastal wetlands’.



These clarifications and guidelines by CBD imply that finer granularity in ecoregion
description, with habitat-level information, is useful and even needed. For tropical countries
where coastal systems are vastly dominated by coral reefs, mangroves, or seagrass beds, the
question of representation can be translated into a question of adequate representation of these
habitats. For instance, New Caledonia, which is completely surrounded by a vast lagoon and
coral reef systems, is evaluating, as part of a France-wide assessment, its compliance to Aichi

targets specifically for its lagoon and coral reefs.

As the Aichi 2020 deadline is rapidly approaching, the number of studies aiming to quantify
the level of achievement of conservation programs for both marine and terrestrial biomes
increases. Governments aim to provide their achieved scores, which is the percentage of the
representation of the entities of interests (biomes, ecoregion, ecosystems or habitats) within an
MPA network. For instance, the Agence Francgaise pour la Biodiversité (French Biodiversity
Agency) has recently issued a first report on the ABT11 achievements for the coral reefs of
the French overseas territories [13]. This French national marine assessment was conducted
independently for each French overseas collectivities, a strategy which is justified since each
coral reef region is characterized by its own biodiversity, as reviewed for instance for New
Caledonia in the Western Pacific, Iles Eparses (or Scattered Islands) in the Western Indian

Ocean and French Polynesia in the Central Pacific by [14-16] respectively.

With the increase in the number of case studies at various scales [17-19], new metrics are
being proposed [20], and issues about the assessment methods are emerging [21-23]). Among
the numerous biases that arise when evaluating progress towards the ABT11, we believe that
a fundamental one can be related to habitat definition and classification, especially for the
tropical countries that are characterized by extensive coral reef and lagoon areas. While the
CBD texts explicitly mention coral reefs, mangroves, and seagrass beds, they do not provide

clear definitions of these entities. This issue is not trivial, especially for coral reefs. There are



multiple ways of describing and classifying coral reefs and their habitats [24]. The definition
of a coral reef is a 6-page long section of the Encyclopedia of Modern Coral Reefs and can
depend on geology, geomorphology, sedimentological, physical and ecological attributes
taken together or separately [25]. Varied research and management interests in different
geographical areas often lead to contrasted views when defining coral reefs and their spatial
limits. An example is provided by Goldberg [26], who revisited the definition of atolls
worldwide. Atolls are a major type of coral reefs. They have specific morphological and
ecological attributes; but which reef is eventually defined as an atoll varies from author to

author [26].

Different areas or habitats within a coral reef do not offer the same level of services and the
same level of biological richness. For instance, back reef and lagoon floors dominated by
sediments, which can be the product of erosion from the nearby hard-bottom coral reefs,
shelter less species than the coral dominated areas and do not yield the same types of services
for fisheries, tourism or coastal protection. Protecting 1 km? of deep sandy lagoon floor does
not have the same value for biodiversity and services protection than protecting 1 km? of
shallow coral dominated areas. Protecting 0.5 km? of both types of habitats seems much more
valuable and coherent with balanced representation objectives. We suggest that clear and
consistent definition schemes are essential to establish ABT11 progress scores, compare
achievements in different regions or countries, and make informed decisions about future

policies and priorities at national and international scales.

This paper aims to demonstrate the ranges of scores that can be obtained depending on the
definition of, in our case, a coral reef and its habitats. In short, we demonstrate that, for a
given region, depending on which features are included in a ‘coral reef’, results can vary from

outstanding scores to poor ones.



We selected New Caledonia, in the western Pacific Ocean, as a case study, for two reasons.
First, New Caledonia’s coral reef system is very complex, with numerous habitat
configurations. Second, the New Caledonian institutional landscape is also complex. Multiple
governance bodies oversee its marine domain.. Both factors - natural and institutional
complexity - allow the demonstration that, for the same territory, a large range of habitat
protection scores can be achieved. The lessons learned through this case study can be useful
for the evaluation of habitat representation within the current protected area networks of most

countries worldwide.

2. Methods

2.1 Millennium Coral Reef habitat maps

Coral reef habitats can be described at scales varying from fine-scale benthic cover
inventories, requiring field surveys [24,27], to coarser geomorphological attributes that can be
mapped using satellite images, without ground-truthing [28]. To illustrate the influence of
habitat definitions on Aichi targets assessment, we used the geomorphological typology and
dataset provided by the Millennium Coral Reef Mapping Project (MCRMP). MCRMP
defined a globally standardised coral reef geomorphological typology based on satellite
imagery (Landsat 7 ETM+ imagery) [29]. The typology uses a five-level classification
system. Levels 1 to 4 consist of a hierarchy of geomorphological features with specific
attribute names. Level 3, in particular, is an intermediate geomorphological description level
that reflects the main structures of a reef complex. Most of the Level 3 classes are related to
broad zones and units that are fairly familiar to managers and scientists even if they are not
coral reef geomorphology specialists (e.g., barrier reef, fringing reef, patch reef atoll). The

most detailed description scheme, Level 5, is a list of 800 different codes and habitats, which



are defined through unique combinations of Level 1 to 4 features [29]. Any given reef
worldwide can have between one and thirty Level 5 classes, for the most complex reefs. In
addition, each MCRMP map polygon includes a ‘REEF’ attribute, which indicates whether
the area is sedimentary or has a potentially coral-dominated hard bottom. Because of their
exhaustiveness and inter-regional consistency, MCRMP products are cost-efficient tools for
regional-scale conservation projects, and MCRMP data have been used for numerous

academic and applied studies worldwide, starting with Mora et al. [30].

2.2 Study site

New Caledonia is a French overseas territory in the south-western Pacific Ocean. Its
characteristics are reviewed in Payri et al. [31]. The archipelago consists of a main continental
island, Grande Terre, surrounded by a lagoon that is bordered by a 1,600-kilometer-long
barrier reef. Numerous islands, atolls, and reefs of various sizes are located inside the
Exclusive Economic Zone, or EEZ [32] (Fig.2). New Caledonia is noted for the remarkable
biodiversity of its reefs and for the large variety of geomorphological features occurring in its
lagoon and around its islands (Fig.1). The MCRMP dataset identifies over 36,200 km? of reefs
within New Caledonia’s 1,450,000-km? EEZ. These reefs are described by 2, 10, 30, 42 and

174 classes at MCRMP Levels 1, 2, 3, 4 and 5 respectively [32].

New Caledonian governance and institutional organizations are complex. Three Provinces
share jurisdiction over the inhabited areas. The North and South Provinces manage Grande
Terre and several small islands in its close vicinity. The Island Province oversees the Loyalty
Islands. The overarching executive power over the three Provinces as well as over remote
uninhabited islands (e.g. Chesterfield) is exerted by the Government of New Caledonia. The

Government is elected by the Congress, whose members represent the Provinces as well as



various political groups. The French Government is also present in New Caledonia and
controls the services that fall under the sovereign powers of a state, such as immigration,

military defence, and economic currency.

The territorial waters (up to 12 nautical miles away from the coasts) of Grande Terre and of
the Loyalty Islands are managed by the Provinces, notably in terms of environment and
conservation. The remainder of New Caledonia’s EEZ is controlled by the Government of
New Caledonia. A total of four institutional entities — the three Provinces and the Government
- are hence in charge of marine conservation. Each entity has its own spatial domain, legal
texts, and management initiatives. In addition, several customary coastal reserves, managed
by local communities, occur along New Caledonia’s coastline (e.g., the 61-km? customary

area of Oundjo, in the North Province).

Excluding the customary reserves, there are seven and twenty-eight protected areas in the
North and South Provinces respectively (Table 1). They range from International Union for
Conservation of Nature (IUCN) categories I to VI. The Island Province has not yet
implemented any MPAs in its territorial waters. Outside the Provinces’ territorial waters, the
remainder of New Caledonia’s EEZ consists of the Natural Park of the Coral Sea (Parc
Naturel de la Mer de Corail, or PNMC), established by the Government of New Caledonia in
2014. This is one of the world’s largest MPAs (the 4™ as of early 2020). A portion of the
PNMC corresponds to IUCN category Ia; the rest is under ICUN category II. Figure 2

displays the current extent and IUCN categories of the MPAs in New Caledonia.

Since 2008, six different clusters of the reefs and lagoons of Grande Terre, Isle of Pines,
Entrecasteaux atolls, and Ouvea Atoll have been listed as UNESCO World Heritage Area,
under the name of Lagoons of New Caledonia, reef diversity and associated ecosystems (Fig.
2, Table 1). This UNESCO area indiscriminately includes zones that are within the spatial

domains of the three Provinces as well as of the government. To date, despite numerous

8



conservation actions, there are no exhaustive spatial zoning plans for the UNESCO area.
There has been no recent MPA creation by the local management committees to effectively
regulate it, except for the Entrecasteaux cluster, which is under the authority of the
Government, and is a part of the PNMC. It is worth noting that the preliminary report on coral
reef protection and ABT11 achievements in overseas territories issued by [13] included the
entire UNESCO area in its inventory of New Caledonian MPAs despite the absence of a

zonation and management plan.

The boundaries of the protected areas of each governance zone were compiled into
Geographical Information System (GIS) layers from different New Caledonian official
sources and from the boundaries specified as latitude-longitude coordinates in legal
documents. We did not use the World Database on Protected Areas (WDPA) due to its
reportedly poor accuracy in Oceania [22]. As customary reserve boundaries were not

available, we did not include them in our inventory of protected areas.

2.3 Measuring the Aichi 11 representation target

Using the MCRMP dataset and the UNESCO and MPA limits, we calculated the level of
protection of each habitat (i.e., the percentage of the surface area that is protected, or score)
for each governance area using the CLIP function of the ESRI ArcGIS 10 ® software. The
terrestrial classes (‘Land’ classes found on atolls, banks, barrier reefs, patch reefs and

mainland, Fig. 1) were not considered.

The level of habitat protection was computed at each MCRMP level (Level 1 to 5) and for
REEF=0 — sedimentary — and REEF=1 — hard-bottom — areas. Scores were computed for the
Provinces and the Government waters separately with respect to their MPAs. In addition, we

estimated scores by combining all Government and provincial MPAs, to provide an overall



result for all New Caledonian waters that are under actual protection. Finally, we calculated

scores for the UNESCO zones only, and for all protected areas and UNESCO zones together.

For the Government area, the results displayed in this study are solely based on the extent of
the Strict Nature Reserves (IUCN category la), where authorized human activities are

minimal. At a provincial scale, all MPAs were considered, irrespectively of IUCN categories.

Because five of the six UNESCO clusters do not have spatially explicit zoning plans, we
considered the UNESCO areas to either be fully protected or non-protected. This binary view
is a simplification of reality, but allows bracketing of the results in terms of best-case and

worst-case representation scenarios.

Lastly, we compared the scores that are achieved with the target of obtaining a 10%
representation threshold, and with a 30% threshold. Indeed, 30% protection as suggested to be
a more realistic threshold to achieve effective biodiversity conservation than 10% and is often

used in systematic conservation planning studies (e.g., [8,33]).

2.4 Rarity bias

Within a given governance area, certain habitats have a high protection score relative to other
habitats. Most of these highly protected habitats occur infrequently and cover small surface
areas. If they happen to be within a MPA, it often means that most or all of their surface area

is included in that MPA, leading to high protection scores.

To account for this rarity bias, a semi-qualitative metric was used to compare the relative
representation of the geomorphologically-defined habitats at each MCRMP Level within the
MPA network. Past studies have expressed rarity as the logarithm of the surface area of the

habitat of interest divided by the total surface area of the study zone [34]. Building on this
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simple metric, a conservation score with a rarity correction was computed with the following

formula:

Aj(protected)

B=—"iY 4100 Equation 1
(1-In(-422), e

Where B is the rarity-bias corrected metric, aigprotected) 1 the protected area of habitat i within a
given governance area, ajcor) 1S the total area of habitat i within the same governance area, and
A is the total surface area of the same governance area. B varies between 0 and 100, 0 being a
poor value and 100 representing 100% protection of a habitat that has a surface area equal to
that of the governance zone. Comparing B between habitats allows a more balanced view of

the representation of each habitat within MPAs.

3. Results

Figure 3 compares the results for all of New Caledonia, based on the MCRMP Levels 2 to 5
attributes. The protected areas considered here are the North and South Province MPAs as
well as the government’s Strict Nature Reserves (Ia) (thus without the UNESCO areas). These
results are compared with the analysis that includes UNESCO zones (considered as protected
areas for France Aichi target assessment; Fig. 3). In general, the number of classes reaching
the 10% ABTI11 threshold decreases with the increase in habitat description complexity -
from Levels 2 to 5. Additionally, increasing description complexity leads to higher numbers

of classes reaching very high scores.

When the UNESCO zones are included, the 10% target is met for almost all habitats at every
MCRMP Level (except for a few Level 4 and 5 classes). In particular, at Level 5, we note that
approximately 59% of all classes are 100% protected. These results are in stark contrast to
those calculated without accounting for the UNESCO zones.

11



The conservation scores achieved by the Government, South Province, North Province and
UNESCO zones, at MCRMP Level 3 are very different for each governance zone (Fig.4).
Only the Government waters and the UNESCO zones meet ABT11 for most habitat classes.
In particular, a fifth of the habitats within the UNESCO zones reach 100% protection at Level
3. Conversely, three habitats out of fifteen meet the 10% target for the South Province, and
none for the North province. Similar patterns were found for Levels 1, 2, 4, and 5 (not

shown).

Habitats reaching very high scores (>90%) tend to correspond to small-sized scarce habitats.
This rarity bias artificially improves overall representation score appraisals. It can be
encountered at all levels of description, and is most frequent at Level 5, which is the finest

description scheme.

Figure 5 displays the protection scores for each Level 2 habitat contained in the UNESCO
zones (ranked from highest to lowest score, from left to right) on the left side, and the
corresponding rarity indexes (no units) on the right. Using the same habitat ranking on the x-
axes of both plots provides a rapid visual assessment of the impact of the rarity bias on the

results.

It is interesting to note that among all MPAs and UNESCO zones, 26,122 km? of the total
surface corresponds to non-reef sedimentary areas (REEF=0) and 3,663 km? to hard-bottom
reefs (REEF=1). For the UNESCO zones only, this ratio is 13427 / 2101 km?. For the South
Province, it is 400 / 116 km?. The REEF=1 areas reach a score of 78.1% within all MPAs
relative to all of New Caledonia’s reefs, 44.8% within the UNESCO zones relative to all of
New Caledonia’s reefs, and 12.6% of protection within the South Province MPAs relative to
all the reefs of the South Province. The 10% threshold is thus met for the broadly defined

REEF=1 category. However, the North and the Island Provinces, that possess very limited or

12



no MPAs, do not meet the target for the REEF criteria (1.7% in the North Province; 0% in the

Island Province).

4. Discussion

In this study, we considered that ABT11 could be assessed at a detailed level of habitat
description. For this, we built upon the CBD texts and guidelines which emphasize the need to
protect specific habitats, especially for coral reefs. We pushed the reasoning by measuring the
influence upon the conservation scores of the inclusion of specific entities in the definition of
a ‘coral reef’. To complement this, we identified, at refined description scales, which entities,
among those selected to define coral reefs, met the 10% ABTI11 representation level
recommended for marine targets in New Caledonia. In doing so, we applied the ecological
representation criteria within a clear systematic and hierarchical frame that was initially
devised at the scale of habitat entities with sizes ranging from one hundred meters to a few
kilometres [29]. We also used the most up-to-date knowledge and data that exhaustively

describes the extent and diversity for the reefs and MPAs of New Caledonia.

This study echoes previous work related to adequate mapping of coral reefs, and to the
subsequent reliability of habitat representation calculations, in the view of quantifying an
area’s progress towards international conservation objectives. For instance, Wabnitz et al.
[35] drew upon the MCRMP to discuss the need to have consistent and accurate maps to
assess international commitments. In this study however, we did not take into account
mapping issues and we considered the estimates of habitat areas to be reliable. This study is
also not the first to use MCRMP data to investigate coral reef conservation gaps or
achievements. MCRMP was used by Mora et al. [30] to measure the MPA coverage of coral

reefs globally. Andréfouét and Hamel [36] used it in a methodological paper to demonstrate
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how conservation gaps can be identified with metadata. Lastly, various authors have
conducted national or regional conservation gap analyses with systematic conservation
planning software and MCRMP data (e.g., the Government of Papua New Guinea [37]).
However, to our knowledge, this is the first time that MCRMP data are used in the context of
Aichi Target assessments. Beyond coral reefs, gap analyses and evaluation of conservation
targets are regularly conducted for various ecoregions worldwide [38]. This study indirectly
confirms the value of remote sensing-derived data (such as MCRMP habitat maps) for such
assessments [39], and specifically for coral reefs. The results for New Caledonia clearly

highlight that all habitats within a coral reef are not equally protected.

The New Caledonia case study highlights that Aichi Target 11 achievements can be variable
within the same country depending on how fragmented its governance areas are. Multiple
governance areas are most likely to create contrasted patterns of achievement. The
consequences are that even if representation is a key driver of the analysis, some habitats
might not be represented at all if they are specific to a governance area that lacks adequate
MPA coverage. This for instance is the case of Ouvea atoll in the Loyalty Island. Ouvea is the
only partly uplifted atoll of New Caledonia [32]. It is part of the UNESCO areas, but it does

not possess any legal protection.

In New Caledonia, low habitat protection is most striking in governance areas with limited
MPA coverage, such as the in North Province’s territorial waters. In contrast, the Government
area mostly meets the ABT11 at all levels of description. The goals are met for 100%, 66%,
66%, 73% and 78% of the habitats for the MCRMP Level 1 (which includes 1 habitat), Level
2 (3 habitats), Level 3, (9 habitats), Level 4 (23 habitats) and Level 5 (28 habitats)
respectively. For the government, habitats at any MCRMP level that did not meet the 10%
threshold actually had null scores (0% protection). These correspond to the Level 3 ‘drowned

bank’, ‘drowned atoll’, or ‘oceanic island’ habitats (and related Level 4 and 5 habitats), which
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are absent from the Strict Nature Reserve areas. This gap could be filled by protecting new
zones that include these habitats. However, these results are based on the extent of the Strict
Nature Reserves (IUCN category Ia) only. If IUCN category II areas are included in our
census, this representation issue is solved because all the Government area is protected as part

of the PNMC (leading to 100% representation of all habitats).

Our results demonstrate that the conservation strategy employed by the New Caledonian
Government to implement the PNMC is an efficient method of meeting ABTI11-type
strategies in remote areas. The PNMC consists of a very large MPA. Its current zoning plan
was defined and put in place by the Government within 4 years of its creation. The rapidity of
the implementation is notably due to the limited amount of anthropogenic activities occurring
in the remote parts of New Caledonia’s EEZ. In contrast, the Provinces, which are in charge
of populated areas, where there are numerous stakeholders and conflicting activities, face
many issues in terms of conservation planning. Progress is slower, and the possibility of
establishing large MPAs to rapidly increase ABT11 scores is limited. Despite this, based on
the REEF=1 attribute (broad coral reef definition), the South Province’s MPAs meet the 10%
threshold — as over 12% of reefs are protected. The limited MPAs in the South Province are
hence relatively efficient in terms of reef habitat protection. However, the North and Island
Provinces are far from reaching the 10% threshold for the REEF habitat. The uninhabited
areas of the Grand Lagon Nord and the Beautemps Beaupré atoll would be good candidates to
improve ABT11 achievements, at least in terms of the REEF criteria. Systematic conservation
planning software, such as Marxan, could help to identify more precisely areas that could be
included in future MPAs, potentially by prioritising areas that already possess strong
customary no-go or no-take policies. This would maximise compliance by local populations

and make these uncharted areas more attractive for tourism.
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If the UNESCO zones are considered to be protected areas, New Caledonia’s EEZ meets the
10% protection threshold for most MCRMP habitats, and at any level of description (Fig. 3).
This is the official statement currently put forward by the AFB (2019). However, it is an
optimistic estimate. Although fishing regulations are in place within the UNESCO zones, due
to provincial-level regulations, and although numerous conservation programs explicitly
embedded within the UNESCO framework are currently being designed, the lack of legally-
binding spatially-explicit management plan in five of the six UNESCO clusters impedes any
unambiguous conclusion about habitat protection scores. For now, the habitat protection
granted by the best- and worst-case scenarios (with or without the UNESCO zones) is
presented in Fig.3. Following on this line of thought, we emphasize that any ABTI1
assessment globally should take into consideration the effectiveness and enforcement of MPA

regulations on a case-by-case basis.

This paper has shown that, for New Caledonia, the range of habitat protection scores that can
be obtained strongly depends on how coral reefs and their habitats are defined and described.
In light of our results, the statement that at least 10% of all coral reef habitats are protected in
New Caledonia needs to be modulated. Obvious gaps exist for some major reef habitats, even
within the governance area which possesses the largest MPAs (e.g., Level 3 ‘Drowned banks’
have no protection in the Government’s Ia reserves), and habitat rarity is a factor to take into
consideration for sound quantifications. One index of rarity has been used here to highlight
the need to carefully investigate the results, as very high scores can be caused by habitats with
limited coverage. The index used here is one of many other rarity metrics suitable for such

evaluations.

This study was specific to coral reefs, and we used New Caledonia as a case study. In other
coral reef regions (data not shown, but for Indonesia for instance), the trends are similar.

Differences in ABT11 achievements arise from variations in levels of habitat description, and
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rarity biases occur. A particularity of coral reefs is their inherent mosaics of contrasted
habitats with different properties, thus justifying an assessment per habitat as we conducted
here. However, generalizing the findings from this New Caledonia coral reef case study to
other coastal or terrestrial ecosystems cannot be immediate. Although all ecoregions can be
described through hierarchical descriptions, not all have been mapped and not all of the
components of some ecoregions require such multilevel descriptions. Nevertheless, we
encourage other countries, governance areas and CBD to assess the representation scores
critically, using consistent and clear definitions and, if possible, datasets. A generalization of
similar approaches to coastal environments should 1) bring common references, ii) frame
objectively scores per region and between regions, iii) identify conservation gaps, iv) help
inferring targeted quantitative conservation recommendations and relevant policies for after

2020.
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Millennium Coral Reef Mapping Project occurring in New Caledonia is available online (File

SM1.doc).
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Figure legends

Figure 1: Top. Map of New Caledonia displaying its islands, atolls, and reefs, when described
at Level 3 of the Millennium Coral Reef Mapping Project. Although not all classes are visible
at that scale, the caption and number of all classes are shown below the map. Bottom: details
for two atolls and one bank of the Entrecasteaux group, at Level 3 (left) and Level 5 (right) of
descriptions. The caption details of the Level 5 classes are not shown. Details and maps at

Level 5 for all of New Caledonia are provided in [40].

Figure 2: Map of the protected areas by governance in New Caledonia. The boundaries of the

UNESCO World Heritage Areas are also shown.

Figure 3: Scores of protection (in percent) sorted from the highest to lowest value attained by
each habitat at the Levels 2 to 5 of the Millennium Coral Reef Mapping Project. The dark
grey colour shows values achieved with North and South Province MPAs, and the
government’s Strict Nature Reserves (Ia). The light grey colour represents the scores achieved
for the North and South Province MPAs, the government’s Strict Nature Reserves and the

UNESCO areas.

Figure 4: Scores of protection (percentage) sorted by decreasing value achieved by MPAs in
various governance zones at the Millennium Coral Reef Mapping Project (MCRMP) Level 3.
The x-axis provides the MCRMP Level 3 code of each habitat; the corresponding attributes

are described in Supporting Information.

Figure 5: Comparison of the scores for Level 2 habitats in the UNESCO zones before and
after taking into account their rarity. Habitats 2 (Oceanic Uplifted/filled Atoll) and 8
(Continental Island) achieved a high score (left panel), that is moderated by taking into
account the high rarity of these habitats: their relative contribution to conservation is low
(right panel). The best-protected habitat on the right is habitat 13 (Shelf Marginal Structures)
which is both highly protected (67%) and has a large area (40% of the total extent of all coral
reef habitats in New Caledonia’s EEZ).
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Figure 1: Top. Map of New Caledonia displaying its islands, atolls, and reefs, when described
at Level 3 of the Millennium Coral Reef Mapping Project. Although not all classes are visible
at that scale, the caption and number of all classes are shown below the map. Bottom: details
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for two atolls and one bank of the Entrecasteaux group, at Level 3 (left) and Level 5 (right) of
descriptions. The caption details of the Level 5 classes are not shown. Details and maps at
Level 5 for all of New Caledonia are provided in [40].
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Figure 4: Scores of protection (percentage) sorted by decreasing value achieved by MPAs in
various governance zones at the Millennium Coral Reef Mapping Project (MCRMP) Level 3.
The x-axis provides the MCRMP Level 3 code of each habitat; the corresponding attributes
are described in Table SM1; as Supporting Information.
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Figure 5: Comparison of the scores for Level 2 habitats in the UNESCO zones before and
after taking into account their rarity. Habitats 2 (Oceanic Uplifted/filled Atoll) and 8
(Continental Island) achieved a high score (left panel), that is moderated by taking into
account the high rarity of these habitats: their relative contribution to conservation is low
(right panel). The best-protected habitat on the right is habitat 13 (Shelf Marginal Structures)
which is both highly protected (67%) and has a large area (40% of the total extent of all coral
reef habitats in New Caledonia’s EEZ).
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Table 1: Governance area of each institution managing coral reef in New Caledonia.

Institution

Governance area

Government

North Province

South Province

Island Province

UNESCO

New Caledonia’s EEZ excluding the areas managed by the Provinces

Only the strict nature reserves (IUCN Ia) were considered in our analysis

Total and protected areas: 15,029 and 4,270 km?.

North part of Grande Terre and nearby islands (Belep, Yandé, Balabio, etc.):
internal and territorial waters (12 nautical miles)

Total and protected areas: 13,439 and 125 km?.

South part of Grande Terre and nearby islands (Ile of Pines, Ouen, etc.): internal
and territorial waters (12 nautical miles)

Total and protected areas: 6,460 and 517 km?.

Internal and territorial waters (12 nautical miles). The largest islands are Lifou,
Ouvéa and Maré.

Total and protected areas: 1,293 km?. No MPAs.

UNESCO Lagoons of New Caledonia six zones or clusters: Grand Lagon Sud,
Zone Cdtiere Ouest, Grand Lagon Nord, Zone Cotiere Nord-Est, Entrecasteaux
Atolls and the Ouvéa-Beautemps Beaupré Atolls.

UNESCO area: 15,530 km?.
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Supplementary Information

Table SM1: Correspondence between Level 3 codes and their descriptions.

Level 3 Code Level 3 Description
1 Drowned atoll
2 Atoll rim
4 Atoll lagoon
5 Atoll patch
7 Uplifted atoll
8 Drowned bank
9 Bank barrier
11 Bank lagoon
12 Bank patch
14 Island lagoon
16 Outer Barrier Reef Complex
17 Multiple Barrier Complex
18 Imbricated Barrier Reef Complex
19 Coastal Barrier Reef Complex
20 Barrier-Fringing Reef Complex
22 Coastal/fringing patch
24 Intra-lagoon patch-reef complex
25 Intra-seas patch-reef complex
26 Shelf patch-reef complex
27 Ocean exposed fringing
28 Intra-seas exposed fringing
29 Lagoon exposed fringing
31 Diffuse fringing
32 Fringing of coastal barrier complex
39 Continental lagoon
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