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Une planète profondément modifiée par l’Homme et 
une érosion accélérée de la biodiversité
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fragmentation of low modified (natural) lands, and their frequency

within biomes and realms.

3.3.1 | Low modified ecoregions

On average, 83% (±16.33) of the terrestrial surface of low modified

ecoregions is in low modification. Seventy‐six percent of these

ecoregions (N = 181) have ≥70% of low modified lands, and all

ecoregions have >50% low modified lands (Figure 5a–d and Sup-

porting Information Figure S14b). These low modified lands com-

monly reside 34.86 ± 27.41 km away from more modified areas,

and only 5% are within ≤1 km of a modified edge (and 14% within

≤5 km) (Supporting Information Figure S15). Although all biomes

and all biogeographic realms retain some percentage of low modi-

fied ecoregions, four biomes and two realms have only one to

three remaining (Figure 4b,c): one in the tropical and subtropical dry

broadleaf forest biome (New Caledonia dry forests ecoregion) (Fig-

ure 5c), one in the mangroves biome (New Guinea mangroves ecore-

gion), one in the tropical and subtropical coniferous forests biome

(Bahamian pineyards ecoregion), three in the flooded grasslands and

savannas biome (Etosha Pan halophytics, Saharan halophytics, and

Makgadikgadi halophytics ecoregions; Figure 5b), one in the Oceania

realm (Hawai'i tropical high shrublands ecoregion), and three in the

Indomalayan realm (Northern Triangle temperate and subtropical

forests and Borneo montane rain forests ecoregions) (Supporting

Information Table S8).

3.3.2 | Moderately modified ecoregions

Moderately modified ecoregions have on average 70% (±17) of

their lands in a moderate degree of degradation, and only 15%

(±15) in low modification (Figure 5e–h). Most (75%, N = 313) have

≤20% of low modified lands, and none have >50% of low modified

lands (Supporting Information Figure S14b). Further, most of these

low modified lands (54%) are located ≤5 km from a modified edge

(median: 4.21 ± 4.01 km), and 26% within 1 km (Supporting Infor-

mation Figure S15). Within the range of habitat amount (i.e.,

0%−50% of low modified lands) and fragmentation (i.e., 0 − 25 km

edge distance) considerable variation exists, but most of these

ecoregions have small amounts of low modified land and high

levels of fragmentation across biomes, continents, and realms (Fig-

ure 6). Mangroves and tropical and subtropical coniferous forests

biomes contain the largest percentage of moderately modified

ecoregions (84% and 86%, respectively). However, these ecoregions

are most common in all biomes and realms, except for the four

least modified biomes (tundra, boreal forests or taiga, deserts and

xeric shrublands, and temperate conifer forests) and two realms

(Nearctic and Australasia).

F IGURE 4 Cumulative human modification (HMc) of the terrestrial ecoregions of the world based on their (a) median HMc score (with
percentages), and their distributions within (b) the 14 terrestrial biomes and (c) the seven terrestrial biogeographic realms
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Abstract

An increasing number of international initiatives aim to reconcile development with

conservation. Crucial to successful implementation of these initiatives is a compre-

hensive understanding of the current ecological condition of landscapes and their

spatial distributions. Here, we provide a cumulative measure of human modification

of terrestrial lands based on modeling the physical extents of 13 anthropogenic

stressors and their estimated impacts using spatially explicit global datasets with a

median year of 2016. We quantified the degree of land modification and the

amount and spatial configuration of low modified lands (i.e., natural areas relatively

free from human alteration) across all ecoregions and biomes. We identified that

fewer unmodified lands remain than previously reported and that most of the world

is in a state of intermediate modification, with 52% of ecoregions classified as mod-

erately modified. Given that these moderately modified ecoregions fall within critical

land use thresholds, we propose that they warrant elevated attention and require

proactive spatial planning to maintain biodiversity and ecosystem function before

important environmental values are lost.
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1 | INTRODUCTION

Humans have dramatically transformed the terrestrial biosphere

(Ellis, Klein Goldewijk, Siebert, Lightman, & Ramankutty, 2010),

impacting global biodiversity (Newbold et al., 2015), the functioning

and stability of Earth's ecosystems (Steffen et al., 2015), and the pro-

visioning of ecosystem services upon which we depend (Millennium

Ecosystem Assessment, 2005). The global community has responded

by developing a number of international initiatives to reconcile

human development with conservation. For example, the Convention

on Biological Diversity (CBD) 2020 Aichi Biodiversity Targets

establishes the protection of 17% of global terrestrial lands (Target

11), the restoration of 15% of degraded ecosystems (Target 15), and

the maintenance of human impacts within “safe ecological limits”

(Target 4; Secretariat of the Convention on Biological Diversity,

2010). The United Nations 2030 Sustainable Development Goals

(SDGs) calls for the protection, restoration, and sustainable use of

ecosystems and the halting and reversal of land degradation and bio-

diversity loss (Goal 15; Cowie et al., 2018). Alongside these multilat-

eral agreements are complementary efforts, such as the Bonn

Challenge that aims to restore 350 million hectares of degraded land

globally by 2030 (Verdone & Seidl, 2017), and the Nature Needs Half

(NNH) initiative that aspires to protect 50% of terrestrial lands to
*Authors contributed equally.
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84 % des surfaces émergées de la planète font face à des pressions anthropiques 
multiples, 48% des terres ont été modifiées suite à l’occupation humaine *. 

* Antarctique exclue

Effondrement des 
populations, 
des insectes … aux 
plantes



C’est quoi une aire protégée ?
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Les catégories UICN, base de comparaison internationale :

Lefebvre T., Moncorps S. (coordination), 2010, Les espaces prote ́ge ́s français : une pluralite ́ d’outils au service 
de la conservation de la biodiversite ́. Comite ́ français de l’UICN, Paris, France.



C’est quoi une aire protégée ?
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Une alternative pour les aires marines, basée sur le contrôle des usages :

classify each MPA. The MPA index (see methods) was highly cor-
related with the MPA score (Spearman ρ¼0.88; po0.001) (Ap-
pendix A, Figure A.2). The MPA index classes (fully protected;

highly protected; moderately protected; poorly protected; un-
protected) were then tested against the MPA score with linear
models showing highly significant differences between all MPA
classes (po0.001) (Fig. 4). This MPA index is therefore a
straightforward way to compare the overall protection levels
among MPAs (Fig. 2B).

4. Discussion

A classification system that is simple and globally applicable to
MPAs and to each individual zone within multiple-zoning MPAs
was developed, by scoring each allowed use based on its potential
respective impact on biodiversity. The scores are obtained at the
zone level and then integrated at the MPA level, taking into ac-
count the relative size of each zone within each MPA. This ap-
proach thus allows classifying MPAs as well as each MPA zone
individually knowing which types of uses are allowed inside the
MPAs and MPA zones.

When assessing protection measures in MPAs, it is essential to
have a classification system that allows both to incorporate cu-
mulative levels of disturbance on marine ecosystems and to in-
clude the myriad of combinations of regulations and uses occur-
ring many times in multiple zones inside those MPAs. In fact,
despite the amount of studies and reviews evidencing the overall
ecological benefits of no-take areas over open or partial protected
areas [6,7,18,19], few studies have evaluated different levels of
partial protection [2,11,16,25], and none followed the same

Fig. 2. Decision tree of the regulation-based classification system. Step-by-step
sequence of decision tree for classifying zones (Fig. 2A) and MPAs (Fig. 2B).
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take/no-go; 2: NTRA ¼ No-take/regulated access; 3: NTUA ¼ No-take/unregulated
access; 4: HRE ¼ Highly regulated extraction; 5: MRE ¼ Moderately regulated
extraction; 6: WRE ¼ Weakly regulated extraction; 7: VWRE ¼ Very weakly
regulated extraction; 8: UE ¼ Unregulated extraction.

B. Horta e Costa et al. / Marine Policy 72 (2016) 192–198196

classify each MPA. The MPA index (see methods) was highly cor-
related with the MPA score (Spearman ρ¼0.88; po0.001) (Ap-
pendix A, Figure A.2). The MPA index classes (fully protected;

highly protected; moderately protected; poorly protected; un-
protected) were then tested against the MPA score with linear
models showing highly significant differences between all MPA
classes (po0.001) (Fig. 4). This MPA index is therefore a
straightforward way to compare the overall protection levels
among MPAs (Fig. 2B).

4. Discussion

A classification system that is simple and globally applicable to
MPAs and to each individual zone within multiple-zoning MPAs
was developed, by scoring each allowed use based on its potential
respective impact on biodiversity. The scores are obtained at the
zone level and then integrated at the MPA level, taking into ac-
count the relative size of each zone within each MPA. This ap-
proach thus allows classifying MPAs as well as each MPA zone
individually knowing which types of uses are allowed inside the
MPAs and MPA zones.

When assessing protection measures in MPAs, it is essential to
have a classification system that allows both to incorporate cu-
mulative levels of disturbance on marine ecosystems and to in-
clude the myriad of combinations of regulations and uses occur-
ring many times in multiple zones inside those MPAs. In fact,
despite the amount of studies and reviews evidencing the overall
ecological benefits of no-take areas over open or partial protected
areas [6,7,18,19], few studies have evaluated different levels of
partial protection [2,11,16,25], and none followed the same

Fig. 2. Decision tree of the regulation-based classification system. Step-by-step
sequence of decision tree for classifying zones (Fig. 2A) and MPAs (Fig. 2B).

1:
N

TN
G

2:
N

TR
A

3:
N

TU
A

4:
H

R
E

5:
M

R
E

6:
W

R
E

7:
VW

R
E

8:
U

E

0.0

0.1

0.2

0.3

0.4

0.5

0.6

Classification System for Zones

Zo
ne

 s
co

re

n=9 n=18

n=4 n=20 n=38 n=14 n=9 n=3

Fig. 3. Relationship between the zone score and the zone classes. 1: NTNG ¼ No-
take/no-go; 2: NTRA ¼ No-take/regulated access; 3: NTUA ¼ No-take/unregulated
access; 4: HRE ¼ Highly regulated extraction; 5: MRE ¼ Moderately regulated
extraction; 6: WRE ¼ Weakly regulated extraction; 7: VWRE ¼ Very weakly
regulated extraction; 8: UE ¼ Unregulated extraction.

B. Horta e Costa et al. / Marine Policy 72 (2016) 192–198196

A regulation-based classification system for Marine Protected Areas
(MPAs)

Bárbara Horta e Costa a,b,c,d, Joachim Claudet c,d, Gustavo Franco a, Karim Erzini b,
Anthony Caro c, Emanuel J. Gonçalves a,n

a MARE - Marine and Environmental Sciences Centre, ISPA – Instituto Universitário, Rua Jardim do Tabaco 34, Lisboa, 1149-041 Portugal
b Centre of Marine Sciences, CCMAR, University of Algarve, Campus de Gambelas, Faro, 8005-139 Portugal
c National Center for Scientific Research (CNRS), CRIOBE, USR 3278 CNRS-EPHE-UPVD, Perpignan, 66860 France
d Laboratoire d′Excellence CORAIL, France

a r t i c l e i n f o

Article history:
Received 2 February 2016
Received in revised form
25 April 2016
Accepted 17 June 2016
Available online 28 July 2016

Keywords:
Human impacts
IUCN
Marine protected areas
New classification
Partially protected areas
Regulation-based classification system

a b s t r a c t

Marine protected areas (MPAs) are a global conservation and management tool to enhance the resilience
of linked social-ecological systems with the aim of conserving biodiversity and providing ecosystem
services for sustainable use. However, MPAs implemented worldwide include a large variety of zoning
and management schemes from single to multiple-zoning and from no-take to multiple-use areas. The
current IUCN categorisation of MPAs is based on management objectives which many times have a
significant mismatch to regulations causing a strong uncertainty when evaluating global MPAs effec-
tiveness. A novel global classification system for MPAs based on regulations of uses as an alternative or
complementing the current IUCN system of categories is presented. Scores for uses weighted by their
potential impact on biodiversity were built. Each zone within a MPA was scored and an MPA index
integrates the zone scores. This system classifies MPAs as well as each MPA zone individually, is globally
applicable and unambiguously discriminates the impacts of uses.

& 2016 The Authors. Published by Elsevier Ltd. All rights reserved.

1. Introduction

As anthropogenic activities expand worldwide threatening the
maintenance of ecosystem services [20,31], marine protected areas
(MPAs) have been increasingly seen as one of the most important
tools for managing and conserving marine ecosystems [15]. The
exclusion or reduction of extractive and destructive activities
within MPAs has been adopted as a way to halt or reverse biodi-
versity loss and ecosystem degradation, maintain or enhance
ecosystem services, and recover and manage exploited resources.
After more than thirty years of systematic planning, implementing
and monitoring MPAs, they have become part of any conservation
and management strategy [15,21].

The current Aichi Biodiversity Targets of the Convention on
Biological Diversity call for ten per cent of coastal and marine areas
being conserved through MPAs and integrated into the wider
seascapes by 2020 [4]. Despite this and other commitments,
Spalding et al. [27] reviewed 10.280 MPAs showing that they

represent only 5.51% of the areas under national jurisdictions and
0.17% of the high seas. Moreover, 94% of existing MPAs allow
fishing activities therefore not providing protection to all compo-
nents of biodiversity [8].

The recent designation of large scale MPAs account for more
than 80% of the area under protection, with the ten largest MPAs
containing 50% of that area [10,17,28]. This seems to be driven by
international commitments leading to a ‘race’ towards MPA des-
ignation, although many are placed in remote areas, lack man-
agement plans, allow many types of extractive activities, are not
enforced nor monitored, potentially leading to a false sense of
protection by society at large [17,22,23]. This fact challenges the
assessment of progress towards conservation targets centred on
area coverage alone.

Additionally, the majority of MPAs include a large variety of
zoning and management schemes, ranging from single to multi-
ple-zoning and from no-take to multiple-use areas [26,30]. An
effective classification system for MPAs that encompasses this
variability is essential since mislabelling may prevent a correct
evaluation of the existing types of MPAs and their usefulness to
accomplish stated objectives and goals [29].

The International Union for Conservation of Nature (IUCN)
global categorisation of protected areas distinguishes six cate-
gories based on their management objectives [3,12]. Day et al. [9]
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Une stratégie prioritaire, mais pas exclusive
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Les aires protégées sont un outil incontournable pour sauvegarder et protéger la 
biodiversité et assurer le maintien des services écosystémiques essentiels à la vie 
sur la Terre et au devenir des populations humaines.

Elles ne sont en aucun cas une mise sous cloche d’une partie de la biodiversité, 
cette « image » n’a aucun sens au regard des mécanismes écologiques et 
évolutifs, processus dynamiques, qui gouvernent la vie sur Terre.

Le renforcement et l’extension des aires protégées doit aller de pair avec :

ü la réduction rapide des pressions et impacts des activités humaines qui 
s’exercent sur l’ensemble de la biodiversité, dans les espaces protégées et en 
dehors de ceux-ci,

ü des efforts de restauration des écosystèmes anthropisés,

ü un effort de pédagogie vers les populations concernées et de prise en compte de 
leurs attentes et contraintes pour faciliter la pérennité et le développement des 
aires protégées, sans en réduire les objectifs écologiques.

Une très forte mobilisation de la communauté scientifique en 
prévision de la COP 15 de la CDB



Un aperçu général de la situation en 2020
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https://www.iucn.org/theme/pro
tected-areas/our-work/world-
database-protected-areas



Un accroissement quantitatif des surfaces 
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section, as a database showing the global extent of these sites is not 
yet available.

Protected areas being ecologically representative
The concept of being ecologically representative has been interpreted 
as the coverage of species or ecoregions (areas that contain geograph-
ically distinct assemblages of species31,32), especially those that are 
threatened with extinction10,13,33,34. We analysed how expansion of the 
global protected-area estate between 2010 and 2019 affected cover-
age of 12,056 species listed as ‘Vulnerable’, ‘Endangered’ or ‘Critically 
Endangered’ (hereafter referred to as threatened species) on the Inter-
national Union for Conservation of Nature (IUCN) Red List35 (Fig. 3). 
Between 2010 and 2019, the percentage of species with some portion 
of their geographical range protected increased from 86% to 87.6% 
(n = 10,563). However, only 21.7% (n = 2,618) of species assessed had 
adequate representation inside protected areas in 2019 (up from 18.9% 
in 2010), where adequacy targets for individual species were set accord-
ing to their geographical range34.

The proportion of threatened reef-forming corals with adequate 
representation grew rapidly over the past decade, from 9.1% to 44.0%. 
The proportion of species with adequate coverage also increased for 
threatened mangroves (to 50.0%), seagrasses (to 50.0%), marine mam-
mals (to 43.2%), marine bony fishes (to 42.1%) and cartilaginous fishes 
(to 32.4%) over this period. However, no threatened marine reptiles 
had adequate levels of protection in 2019. On land, the proportion of 
species with adequate coverage grew by <3% for birds (to 33.6%) and 
<2% for amphibians (to 10.9%), reptiles (to 13.6%), mammals (to 37.0%) 
and freshwater species (to 19.0%) in the past decade (Supplementary 
Tables 1, 2). It remains that 78.3% (n = 9,438) of all threatened species 
assessed had inadequate protection as of 2019, with at least 1,493 (12.4%) 
remaining without any coverage at all.
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in the global protected-area estate31. The percentage of marine ecore-
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past decade (from 31.8% in 2010) (Supplementary Table 5), with much 
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ing 81.3% (14.7 million km2) of all new protected areas since 2010, the 
coverage in pelagic regions remains low: only 10.8% (n = 4) of these 
regions were adequately protected in 2019 (up from 2.7% in 2010) (Fig. 3, 
Supplementary Table 6). The expansion of protected areas in pelagic 
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South America, which received 36.6% of all new marine protected area 
(6.0 million km2) in the past decade.

Coverage of areas of particular importance for biodiversity
The ‘Key Biodiversity Area’ (KBA) approach36 offers a global standard 
for identifying marine, terrestrial and freshwater sites that contribute 
substantially to the global persistence of biodiversity. Over 15,000 KBAs 
have so far been identified (83.1% of which are ‘Important Bird Areas’, 
the avian subset of KBAs)37. Host nations are encouraged to ensure 
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Wilderness areas are ecologically intact land and seascapes that 
are predominantly free of human-driven biophysical disturbance38,39. 
They underpin planetary life-support systems40 and are critical for 
the long-term persistence of imperilled species41, especially in a time 
of climate change42. Over half (55.6%) of all wilderness overlaps with 
the geographical range of at least one threatened species, yet wilder-
ness areas are also very spatially discordant from KBAs—only 1.2% of 
all land and sea on Earth is simultaneously recognized as both a KBA 
and a wilderness area (Supplementary Fig. 1). Our analysis shows that 
coverage increased for both terrestrial (from 19.7% to 22.1%) and marine 
wilderness (2.0% to 8.5%) areas during the past decade (Fig. 3).

Coverage of ecosystem services
The carbon sequestered and stored in terrestrial ecosystems has a 
pivotal role in mitigating anthropogenic climate change43. We therefore 

Terrestrial Marine

2010 2019 2010 2019

Fig. 1 | Mapping the expansion of the global protected-area estate between 
2010 and 2019. The map shows the annual expansion of protected areas across 
marine (blue-to-pink colours) and terrestrial (green-to-red colours) realms on 
Earth. Protected area data were sourced from ref. 7. Country borders were 

sourced from the Database of Global Administrative Areas (www.gadm.org). 
Exclusive economic zones were sourced from Flanders Marine Institute  
(www.marineregions.org).
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Humanity will soon define a new era for nature—one that seeks to transform  
decades of underwhelming responses to the global biodiversity crisis. Area-based 
conservation efforts, which include both protected areas and other effective 
area-based conservation measures, are likely to extend and diversify. However, 
persistent shortfalls in ecological representation and management effectiveness 
diminish the potential role of area-based conservation in stemming biodiversity loss. 
Here we show how the expansion of protected areas by national governments since 
2010 has had limited success in increasing the coverage across different elements of 
biodiversity (ecoregions, 12,056 threatened species, ‘Key Biodiversity Areas’ and 
wilderness areas) and ecosystem services (productive fisheries, and carbon services 
on land and sea). To be more successful after 2020, area-based conservation must 
contribute more effectively to meeting global biodiversity goals—ranging from 
preventing extinctions to retaining the most-intact ecosystems—and must better 
collaborate with the many Indigenous peoples, community groups and private 
initiatives that are central to the successful conservation of biodiversity. The 
long-term success of area-based conservation requires parties to the Convention on 
Biological Diversity to secure adequate financing, plan for climate change and make 
biodiversity conservation a far stronger part of land, water and sea management 
policies.

Governments, policy-makers and many members of the conservation 
community have long held that protected areas are a fundamental  
cornerstone of biodiversity conservation1,2. The importance of other 
effective area-based conservation measures (OECMs) is also beginning 
to be recognized3,4. OECMs were defined by the Convention on Biologi-
cal Diversity (CBD) in 2018 as places outside the protected-area estate 
that deliver effective biodiversity conservation, such as government-run 
water catchment areas, territories conserved by Indigenous peoples 
and local communities, as well as some private conservation initiatives 
(Box 1). Both protected areas and OECMs (here referred to collectively 
as area-based conservation measures) are acknowledged in the CBD 
and the 2030 Agenda for Sustainable Development5. In particular, the 
current ten-year Strategic Plan for Biodiversity6 of the CBD—which 
was agreed to by 168 countries in 2010—has an explicit target (Aichi 
Target 11) that stipulates ‘at least 17 per cent of terrestrial and inland 
water areas 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 
OECMs, and integrated into the wider landscape and seascape’ by 2020. 
This target has dominated the area-based conservation agenda for 
the past decade.

Between 2010 and 2019, protected areas expanded from covering 
14.1% to 15.3% of global land and freshwater environments (exclud-
ing Antarctica) and from 2.9% to 7.5% of the marine realm7 (Figs. 1, 2). 
Although it is not yet possible to track their global extent systematically, 
OECMs have emerged as a category of area-based conservation since 
20108. However, despite these encouraging efforts, some disconcert-
ing spatial dynamics in the global protected-area estate are becoming 
more apparent. One recent analysis showed that, on average, 1.1 million 
km2 of land and sea were recorded as being removed from the global 
protected-area estate annually between 2006 and 20189. There is also 
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assessed the coverage of global aboveground biomass and soil carbon 
stocks44. Coverage of aboveground biomass increased from 22.6% in 
2010 to 23.7% (99.0 petagrams of carbon (Pg C)) in 2019. Coverage of 
global soil-carbon stocks was lower on average and increased less in 
the past decade, from 13.9% in 2010 to 14.6% (400.5 Pg C) in 2019. Large 
unprotected repositories of soil carbon are prevalent across north-
east North America, Russia and southeast Asia (Supplementary Fig. 2). 
However, maps of terrestrial organic carbon—particularly in peatlands 
and tropical rainforests—are continually being refined45, which may 
influence future understandings of carbon storage in particular areas.

The ‘biological pump’—carbon fixed by phytoplankton in the oceans 
being exported to the deep ocean46,47—also has a key role in mitigating 
climate change, because it removes carbon from the ocean and atmos-
phere systems for decades to millennia48. We estimate that 0.21 Pg of 

particulate organic carbon49 and 0.17 Pg of dissolved organic carbon50 
is exported inside marine protected areas each year (Supplementary 
Tables 7, 8). However, the factors that drive carbon export in the oceans 
vary seasonally51 and the relative value of marine protected areas in 
carbon export may vary through time.

About three billion people rely on wild-caught or farmed seafood as 
their primary source of protein, which makes the sustained provision 
of seafood a globally important goal5. We compared protected area 
coverage of the most- and least-productive marine regions for fisher-
ies catch in the oceans, finding that coverage of the least-productive 
exclusive economic zones (those within the bottom 20% for annual 
fisheries catch per unit area) (Supplementary Table 9) was—on average—
three times greater than coverage of the most-productive exclusive 
economic zones (those within the top 20% for annual fisheries catch 
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Fig. 2 | Growth of global protected-area estate between 2010 and 2019. 
Circular plot shows increases in areal coverage (%) per year for marine and 
terrestrial protected-area estates for countries >25,000 km2 in size. 
Landlocked countries are marked with an asterisk. Progress towards the 

globally agreed target—to have 17% of land and inland waters, and 10% of coastal 
and marine areas, protected by 2020—is promising but incomplete. Colours of 
the bars are as in Fig. 1. Protected area data were sourced from ref. 7.
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section, as a database showing the global extent of these sites is not 
yet available.

Protected areas being ecologically representative
The concept of being ecologically representative has been interpreted 
as the coverage of species or ecoregions (areas that contain geograph-
ically distinct assemblages of species31,32), especially those that are 
threatened with extinction10,13,33,34. We analysed how expansion of the 
global protected-area estate between 2010 and 2019 affected cover-
age of 12,056 species listed as ‘Vulnerable’, ‘Endangered’ or ‘Critically 
Endangered’ (hereafter referred to as threatened species) on the Inter-
national Union for Conservation of Nature (IUCN) Red List35 (Fig. 3). 
Between 2010 and 2019, the percentage of species with some portion 
of their geographical range protected increased from 86% to 87.6% 
(n = 10,563). However, only 21.7% (n = 2,618) of species assessed had 
adequate representation inside protected areas in 2019 (up from 18.9% 
in 2010), where adequacy targets for individual species were set accord-
ing to their geographical range34.

The proportion of threatened reef-forming corals with adequate 
representation grew rapidly over the past decade, from 9.1% to 44.0%. 
The proportion of species with adequate coverage also increased for 
threatened mangroves (to 50.0%), seagrasses (to 50.0%), marine mam-
mals (to 43.2%), marine bony fishes (to 42.1%) and cartilaginous fishes 
(to 32.4%) over this period. However, no threatened marine reptiles 
had adequate levels of protection in 2019. On land, the proportion of 
species with adequate coverage grew by <3% for birds (to 33.6%) and 
<2% for amphibians (to 10.9%), reptiles (to 13.6%), mammals (to 37.0%) 
and freshwater species (to 19.0%) in the past decade (Supplementary 
Tables 1, 2). It remains that 78.3% (n = 9,438) of all threatened species 
assessed had inadequate protection as of 2019, with at least 1,493 (12.4%) 
remaining without any coverage at all.

We further assessed progress towards the adequacy targets of 17% 
protection for terrestrial ecoregions and 10% for marine ecoregions or 
pelagic regions. We found that 42.6% (n = 361) of terrestrial ecoregions 
were adequately protected in 2019 (up from 38.8% in 2010) (Fig. 3, 
Supplementary Table 3). We also found that one-fifth (20.6%) of land 
protected since 2010 covered tropical and subtropical grassland 
ecoregions—a critically endangered biome31 (Supplementary Table 4). 
However, 32.9% of land protected since 2010 covered dry or desert 
ecoregions, which are relatively species-poor and are well-represented 

in the global protected-area estate31. The percentage of marine ecore-
gions with adequate coverage increased to 45.7% (n = 106) over the 
past decade (from 31.8% in 2010) (Supplementary Table 5), with much 
of this growth occurring in the Southern Ocean around Antarctica 
(0.7 million km2; 4.2% of all new marine protected area). Despite attract-
ing 81.3% (14.7 million km2) of all new protected areas since 2010, the 
coverage in pelagic regions remains low: only 10.8% (n = 4) of these 
regions were adequately protected in 2019 (up from 2.7% in 2010) (Fig. 3, 
Supplementary Table 6). The expansion of protected areas in pelagic 
regions was particularly concentrated in waters between Australia and 
South America, which received 36.6% of all new marine protected area 
(6.0 million km2) in the past decade.

Coverage of areas of particular importance for biodiversity
The ‘Key Biodiversity Area’ (KBA) approach36 offers a global standard 
for identifying marine, terrestrial and freshwater sites that contribute 
substantially to the global persistence of biodiversity. Over 15,000 KBAs 
have so far been identified (83.1% of which are ‘Important Bird Areas’, 
the avian subset of KBAs)37. Host nations are encouraged to ensure 
that these sites are managed in ways that ensure the persistence of 
biodiversity, although this does not necessarily mean inclusion within 
a protected area36. Our analysis showed average coverage of terrestrial 
KBAs was 45.9% in 2019 (up from 43.6% in 2010) and 43.3% for marine 
KBAs (up from 37.9% in 2010) (Fig. 3). Overall, around 4,900 KBAs 
(33.0%) remained without protected area coverage in 2019.

Wilderness areas are ecologically intact land and seascapes that 
are predominantly free of human-driven biophysical disturbance38,39. 
They underpin planetary life-support systems40 and are critical for 
the long-term persistence of imperilled species41, especially in a time 
of climate change42. Over half (55.6%) of all wilderness overlaps with 
the geographical range of at least one threatened species, yet wilder-
ness areas are also very spatially discordant from KBAs—only 1.2% of 
all land and sea on Earth is simultaneously recognized as both a KBA 
and a wilderness area (Supplementary Fig. 1). Our analysis shows that 
coverage increased for both terrestrial (from 19.7% to 22.1%) and marine 
wilderness (2.0% to 8.5%) areas during the past decade (Fig. 3).

Coverage of ecosystem services
The carbon sequestered and stored in terrestrial ecosystems has a 
pivotal role in mitigating anthropogenic climate change43. We therefore 

Terrestrial Marine

2010 2019 2010 2019

Fig. 1 | Mapping the expansion of the global protected-area estate between 
2010 and 2019. The map shows the annual expansion of protected areas across 
marine (blue-to-pink colours) and terrestrial (green-to-red colours) realms on 
Earth. Protected area data were sourced from ref. 7. Country borders were 

sourced from the Database of Global Administrative Areas (www.gadm.org). 
Exclusive economic zones were sourced from Flanders Marine Institute  
(www.marineregions.org).
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and freshwater environments. Moreover, 78.3% of known threatened 
species and more than half of all ecosystems on land and sea remained 
without adequate protection in 2019. A clear lesson from this assess-
ment is that nations must expand area-based conservation efforts 
and better ensure that they contribute meaningfully to global goals 
for species and ecosystem conservation, which range from stopping 
extinction86 to keeping ecosystems intact87. The past decade has also 
shown that many protected areas are poorly managed (owing predomi-
nantly to chronic resource shortages), and that many Indigenous and 
community groups are inadequately or inequitably represented in land, 
water and sea conservation plans. In light of these lessons, we identify 
three urgent challenges that must be acted upon by governments, 
scientists, policy-makers and other stakeholders as they embark on 
the next decade of area-based conservation (Tables 2, 3).

Making OECMs count
There are now expanding opportunities to formally recognize places 
outside state-run protected areas that can conserve biodiversity. In 
addition to protected areas that are governed privately88 and by Indig-
enous peoples84, other OECMs are being increasingly recognized. The 
importance of OECMs was formally recognized in Aichi Target 11 in 
2010, but their guiding principles and criteria for identification were 
not agreed until November 2018 (Box 1). This delay probably con-
tributed to OECMs being overlooked in most national biodiversity 
policies and strategies over the past decade. With a formal definition 
now agreed89, nations and managing bodies look set to operationalize 
OECMs more rapidly. The challenge now for the conservation commu-
nity is to ensure that OECMs contribute meaningfully to biodiversity 
conservation.

OECMs could help to address representation shortfalls in the global 
protected-area estate. One recent study has shown that 566 unprotected 

KBAs are at least partly covered by one or more potential OECMs4, and—
compared with nationally designated protected areas—OECMs may 
prove to be more socially acceptable in productive land- and seascapes 
(which are hotspots for poorly protected threatened species10,11). Rec-
ognizing OECMs in inshore marine habitats, farmlands and managed 
forests could also enhance the connectivity of area-based conservation 
efforts, providing that natural ecological functions can be restored and 
maintained in such areas90,91. Wider recognition of OECMs should also 
help to make area-based conservation management more equitable, 
as they are managed by and for the benefit of a diverse set of actors. A 
recent study showed that lands managed by Indigenous communities 
in Australia, Brazil and Canada support concentrations of vertebrate 
species similar to those inside nationally designated protected areas92, 
which exemplifies the importance of working with Indigenous peoples 
to recognize OECMs in their territories.

However, to deliver on the potential of OECMs, governments, private 
industry and the conservation community must immediately mobilize 
support for OECMs to overcome the issues that are faced by many 
protected areas, including inadequate reporting and resourcing. A 
reporting platform for OECMs8 was released in December 2019 and 
has the potential to make assessments of progress towards the suc-
cessor of Aichi Target 11 more accurate, if countries make use of it. The 
success of OECMs will also depend on governments and conservation 
actors upholding human rights and social safeguards, particularly in 
Indigenous and community areas. In cases in which meeting OECM 
criteria will require some adaptation to livelihoods, great care must 
be taken to develop alternative livelihood opportunities that deliver 
tangible benefits to resource users93. Alternative livelihood schemes 
must also be mindful to retain the biodiversity benefits of OECMs94.

Tracking the increasing dynamism of area-based conservation
Recent studies have shown that protected areas are more dynamic in 
space and time than previously thought9. Decisions to remove, shrink or 
relax protected areas are poorly documented, which makes it difficult 
to assess which ecosystems are most susceptible to such dynamics or 
how these changes affect the overall quality of area-based conserva-
tion networks. The challenge for the conservation community is to 
have protected area dynamics reported more transparently, especially 
when they compromise biodiversity outcomes.

Many removals from the protected-area estate can be attributed to 
‘protected area downgrading, downsizing and degazettement’ (PADDD) 
events. More than 1,500 PADDD events affected, in total, over one-third 
of the protected area network in Australia (416,740 km2) between 1997 
and 201495. Moreover, 23 PADDD events have affected natural World 
Heritage sites (protected areas with ‘outstanding universal value’, such 
as the Virunga, Serengeti and Yosemite National Parks)96. PADDD events 
can accelerate forest loss and fragmentation97, and most (62%) are 
associated with activities that are in stark conflict with biodiversity 
conservation, including industrial-scale resource extraction and infra-
structure development98. Potentially of greatest concern are the many 
PADDD events that are going undocumented, particularly in marine 
systems99 and on private lands100.

To improve the transparency of area-based conservation decisions, 
we encourage governments and the conservation community to engage 
more with global PADDD tracking platforms (for example, www.pad-
ddtracker.org). We also believe that integrating PADDD tracking data 
with existing area-based conservation databases (for example, the 
World Database on Protected Areas7) would vastly improve their utility 
and aid global reporting. Dynamism in area-based conservation could 
signal attempts to expand or enhance protected areas, either through 
improved resourcing and management101,102 or by enacting more restric-
tive regulations103. As such, there is also a clear need to better incentivize 
and track the continuum of changes to protected areas that can improve 
their ability to conserve biodiversity. We suggest that such changes be 
characterized collectively as ‘protected area gazettement, expansion 

Table 2 | Synthesis of current progress towards targets for 
area-based conservation

Global targets for area-based 
conservation

Progress
Good Moderate Poor Unknown

To conserve:

ǫ��ƥƫǅ�ćï�ěåĒĒåĕěĒöÑȱ�Ñăã�öăȱÑăã�īÑěåĒ X

ǫ��ƥƤǅ�ćï�ÝćÑĕěÑȱ�Ñăã�ĂÑĒöăå�ÑĒåÑĕ X

To capture important places for 
biodiversity and ecosystem services, 
such as:

ǫ�5��ĕ X

ǫ�böȱãåĒăåĕĕ�ÑĒåÑĕ X

To be effectively managed by:

ǫ�'ÑĪöăð�ÑãåđğÑěå�ĒåĕćğĒÝåĕ X

ǫ��ÜÑěöăð�ôğĂÑă�ĐĒåĕĕğĒåĕ X

ǫ��'ÑĪöăð�ĐćĕöěöĪå�ÜöćãöĪåĒĕöěı�ćğěÝćĂåĕ X

To be equitably managed X

To be ecologically representative by:

ǫ���ćĪåĒöăð�ƥƫǅ�ćï�Ñȱȱ�ěåĒĒåĕěĒöÑȱ�
ecoregions

X

ǫ���ćĪåĒöăð�ƥƤǅ�ćï�Ñȱȱ�ĂÑĒöăå�åÝćĒåðöćăĕ X

ǫ���ćĪåĒöăð�ƥƤǅ�ćï�Ñȱȱ�ĐåȱÑðöÝ�Ēåðöćăĕ X

To be well-connected and integrated X

Progress towards targets is assessed as good (substantial positive trends at a global scale 
relating to most aspects of the element); moderate (the overall global trend is positive but 
insubstantial or insufficient; there may be substantial positive trends for some aspects of the 
element but little or no progress for others; or the trends are positive in some geographical 
regions but not in others); poor (little or no progress towards the element or movement away 
from it; although there may be local, national or case-specific successes and positive trends 
for some aspects, the overall global trend shows little or negative progress); or unknown 
(insufficient information to score progress). Table partially adapted from refs. 24,152. Maxwell et al., 2020

Des progrès 
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Biodiversity is in steep decline (Tittensor et  al. 2014), with  
  monitored vertebrate populations decreasing by almost 60% 

on average over the past 40 years (WWF International 2016). 
Protected areas (PAs) are a major tool in efforts to mitigate this 
crisis (Watson et al. 2014), and their importance is reflected by 
the 2011–2020 Strategic Plan for Biodiversity, the key multilat-
eral environmental agreement aimed at halting the  decline in 
biodiversity (UN CBD 2010). Target 11 of the Strategic Plan calls 
for an expansion of PAs worldwide (hereafter the “global PA 
estate”) to cover 17% of terrestrial areas and 10% of marine areas 
by 2020, concentrating on well- connected, effectively and equi-
tably managed, and ecologically representative areas of particu-
lar importance for biodiversity (UN CBD 2010).

Progress toward PA expansion is typically reported in terms 
of the growth in overall area designated (Watson et al. 2016). 
This metric tells an optimistic story: with the global PA estate 
currently covering about 15% of the terrestrial surface and 
12% of marine areas within national jurisdiction (UNEP- 
WCMC et al. 2018), nations are on track to achieve the area 

component of Target 11 by 2020. However, when the coverage 
of species and ecosystems are considered, progress toward the 
Target is less positive, with only 22% of terrestrial amphibians, 
56% of birds, and 46% of mammals sufficiently represented in 
the global PA estate (Butchart et al. 2015).

Establishing more PAs is essential for achieving a compre-
hensive representation of biodiversity, but adequate representa-
tion is insufficient to ensure effective protection for imperiled 
biodiversity (Di Minin and Toivonen 2015; Di Marco et  al. 
2016). Well- resourced PAs (that is, those that are sufficiently 
funded and staffed) are effective tools for conserving biodiver-
sity in both terrestrial and marine environments (Laurance 
et al. 2012; Gill et al. 2016; Geldmann et al. 2018), but many 
PAs still have species’ populations declining within their 
boundaries (Craigie et  al. 2010; Geldmann et  al. 2013). 
Although many of the world’s PAs are thought to lack suffi-
cient resources to effectively manage and mitigate key threats 
to ecosystems and the biodiversity they support (Di Minin and 
Toivonen 2015), the degree of under- resourcing remains 
largely unknown due to a lack of collated, comparable manage-
ment data.

We used the Global Database on Protected Area Man-
agement Effectiveness (GD- PAME; Coad et  al. 2015) – the 
official repository of Protected Area Management Effectiveness 
(PAME) data agreed upon by Convention on Biological 
Diversity (CBD) signatory nations (UN CBD 2016) – to con-
duct the first assessment of progress toward CBD Target 11 in 
terms of both ecological representation and effective PA man-
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(2) adequate staff only, (3) adequate budget 
only, and (4) inadequate staff and budgets. 
We defined thresholds for adequate and inad-
equate staffing and budgets, harmonizing 
scores derived from four PAME methodologies 
and based on the thresholds set by Gill et  al. 
(2016) using expert consultation (WebTable 
2). We then calculated the proportion of total 
PA extent that was reported to be adequately 
protected (ie PAs that scored “adequate” for 
both staff and budget) by individual ecoregion 
and by biogeographic realm (Olson et  al. 
2001). To evaluate the proportion of terrestrial 
species protected within adequately resourced 
PAs, we identified the 11,919 individual 
amphibian, bird, and mammal species whose 
geographic ranges overlapped with the PA 
boundaries in our sample. For each species, 
we then calculated the proportion of PA that 
was adequately resourced (ie adequate scores 
for staff and budget), out of the assessed PA 
sample overlapping their range. We then mul-
tiplied the proportion of assessed PA that was 
adequately resourced by the total area of 
protected range for the species (ie the total 
PA coverage within each species’ range, including assessed 
and non- assessed PAs; from Butchart et  al. 2015). With this 
we obtained an estimation of the “adequately resourced pro-
tected range” for each species. This method provides an 
estimate of a species’ range found within PAs that were 
reported to have adequate resources to achieve the PAs’ 
objectives, which may focus on ecosystems or species (even 
if not necessarily on the individual species under consid-
eration; discussed further in WebPanel 1).

To estimate the proportion of species with ranges that were 
adequately protected, Butchart et al. (2015) defined individual 
species’ “representation targets”, based on the approach pro-
posed by Rodrigues et  al. (2004). These targets are scaled by 
species’ range size, decreasing from 100% of species’ range pro-
tected for species with distributions <1000 km2 to 10% of spe-
cies’ range protected for species with distributions >250,000 
km2, and linearly interpolated on a log- linear scale between 
these two thresholds. Values were capped at a maximum of 1 
million km2 for species with extremely large ranges (>10 million 
km2). Using our estimations of “adequately resourced protected 
range” for each species, and comparing these with the individual 
species representation targets defined by Butchart et al. (2015), 
we calculated how many species would meet the PA representa-
tion targets outlined above, when only adequately resourced 
protected range was considered (WebPanel 1; WebFigure 4).

Amphibian and mammal distributions were derived from 
the International Union for Conservation of Nature (IUCN) 
Red List (IUCN 2016a); bird distributions were taken from the 
BirdLife and NatureServe database (BirdLife International and 
NatureServe 2015); and the locations and spatial extents of the 

assessed PAs were obtained from the World Database on 
Protected Areas (UNEP- WCMC and IUCN 2016). Further 
details about the methods are provided in WebPanel 1.

Results

We found that only 22.4% (n = 486) of PAs reported ade-
quate resources in terms of both staffing and budgets, which 
is equivalent to 25.4% of the total area of PAs that were 
assessed. In contrast, 46.8% (n = 1014) of PAs reported inad-
equate resources in both staffing and budgets, which is equiv-
alent to nearly one- half (47.7%) of the total area of PAs that 
were assessed. Where only one aspect was reported to be 
inadequate, budgets were the more common limiting factor. 
There were stark differences among terrestrial ecoregions, 
with PA resourcing being lowest for ecoregions in the 
Neotropics (where PAs reporting adequate staffing and budget 
accounted for only 12.5% of the total assessed PA extent) 
and highest for ecoregions in the IndoMalay and Palearctic 
realms (where PA reporting adequate resources for staffing 
and budget accounted for 39.7% and 37.4% of the total 
assessed PA extent, respectively; Figure  2). The percentage 
of species achieving target- level representation within ade-
quately resourced PAs was 4% of amphibians, 8% of birds, 
and 9% of mammals (Figure  3), which are 5.5 times, 7.0 
times, and 5.1 times lower, respectively, than the target- level 
representation reported when the adequacy of PA resourcing 
is not considered (Butchart et  al. 2015).

Our findings highlight two important issues. First, the 
global PA estate is greatly under- resourced, impeding global 

Figure 2. Proportion of adequately resourced PAs within distinct biogeographical realms. The 
proportion of adequate/inadequate PA coverage (in terms of budget and staff) was measured 
for each ecoregion and then averaged for the separate realms (top four bars) and globally (bot-
tom bar). The proportion of assessed PA extent for each realm was as follows: Palearctic 
(21%), Neotropics (31%), IndoMalay (12%), and Afrotropics (34%). The following realms were 
not included due to low data coverage: Antarctic (0% assessed), Australasia (4%), Oceania 
(1%), and Nearctic (1%). Additional details about the methods are presented in WebPanel 1.
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efforts to conserve biodiversity. Second, using simple PA cov-
erage metrics to measure progress toward Target 11, under the 
assumption that all PAs are effective, is likely to overestimate 
effective PA coverage by about 400% and vertebrate species 
representation by up to 700%.

Discussion

In the past decade, following the global financial downturn, 
there is evidence that funding for PAs from both domestic 
budgets and international aid organizations has been reduced 
(Caldecott and Jepson 2014), supporting fears that PAs are 
slipping down national and international priority lists for 
financial resources (Watson et  al. 2014). Between 2011 and 
2013, member countries of the Organisation for Economic 
Co- operation and Development committed <US$5.6 billion 
per year to development assistance for biodiversity (UNEP- 
WCMC and IUCN 2016), an amount that falls far short of 
the estimated US$76 billion per year required to create and 
support a well- managed global PA estate (McCarthy et  al. 
2012). This leaves a funding gap that many countries are 
unlikely to meet from their domestic budgets. The last attempt 
to quantify global funding for PAs was carried out 20 years 
ago (James et  al. 1999), and we would therefore urge that 
an updated review of current spending and shortfalls be con-
ducted to provide an objective assessment of resourcing, identify 

key funding gaps and priorities, and deliver 
governments and donors with evidence- based 
funding targets. Alternative funding options for 
state- managed PAs are now emerging, including 
trust funds, debt- for- nature swaps, biodiversity 
offsets, and private–public partnerships 
(Caldecott and Jepson 2014). While helping 
to diversify PA funding and forms of govern-
ance, these mechanisms– especially those that 
consist of one- off payments – are unlikely to 
make up for shortfalls in government support 
for the costs of ongoing management in the 
foreseeable future.

In addition, “other effective area- based con-
servation measures” (OECMs; Laffoley et  al. 
2017) are gaining increasing recognition as 
ways to conserve nature in areas outside the PA 
estate. However, although potentially less 
dependent on government and international 
funding, this approach may not have biodiver-
sity protection as a primary aim and may not 
be established in priority areas for biodiversity 
conservation (Dudley et  al. 2018). Moreover, 
this does not offset the need for a targeted 
increase in resources by nations to support 
existing under- resourced PAs that have been 
primarily established for the conservation of 
biodiversity. Multiple forms of protected and 
conserved areas, funded by diverse approaches 

and managed by a diverse range of stakeholders (eg communi-
ties, indigenous groups, non- governmental organizations, gov-
ernment at national to local levels, the private sector), will be 
required to deliver Target 11 commitments. In every case, an 
emphasis on effective, equitable management and the delivery 
of conservation outcomes will be needed.

We acknowledge that many PAs were created to protect 
charismatic megafauna, and that while the availability of 
resources (as reported in the GD- PAME) is likely measured in 
relation to that objective, PAs with limited resources for charis-
matic species might still play an important conservation role 
for biodiversity generally. For instance, the lack of resources to 
perform specific activities, such as anti- poaching patrols, is 
unlikely to affect all species in the same way (eg amphibians 
versus mammals). However, one of the biggest problems that 
PAs face in the absence of adequate resources is habitat loss 
and degradation (Jones et al. 2018), and this threat affects all 
species. This means that a lack of adequate resources, even 
when measured primarily in relation to charismatic verte-
brates, is likely to be relevant for biodiversity in general and 
may have consequences for thousands of species, as demon-
strated by our analyses.

Mounting evidence of the importance of PA resourcing and 
management in preventing biodiversity declines has led to 
increased calls for the creation of a restricted set of simple, 
robust indicators that capture the essence of “effective PA man-

Figure 3. The proportion of species that meet representation targets in terms of total PA cov-
erage (from Butchart et al. 2015) and adequately resourced PA coverage (estimated from our 
data). “No Coverage” represents the proportion of species with less than 2% of their range 
protected within PAs; “Partial Coverage” is the proportion of species with a range protection 
value larger than 2%, but lower than their individual representation target; “Target Coverage” 
is the proportion of species reaching their representation target coverage; and “Adequate + 
Target” shows the estimated proportion of species that reach their target coverage within ade-
quately resourced PAs. Note that the three coverage categories are nested within one another, 
meaning that all species in the category “Adequate + Target” are also part of the category 
“Target Coverage”, which are also part of the category “Partial Coverage”. Additional details 
about the methods are presented in WebPanel 1.
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Biodiversity is in steep decline (Tittensor et  al. 2014), with  
  monitored vertebrate populations decreasing by almost 60% 

on average over the past 40 years (WWF International 2016). 
Protected areas (PAs) are a major tool in efforts to mitigate this 
crisis (Watson et al. 2014), and their importance is reflected by 
the 2011–2020 Strategic Plan for Biodiversity, the key multilat-
eral environmental agreement aimed at halting the  decline in 
biodiversity (UN CBD 2010). Target 11 of the Strategic Plan calls 
for an expansion of PAs worldwide (hereafter the “global PA 
estate”) to cover 17% of terrestrial areas and 10% of marine areas 
by 2020, concentrating on well- connected, effectively and equi-
tably managed, and ecologically representative areas of particu-
lar importance for biodiversity (UN CBD 2010).

Progress toward PA expansion is typically reported in terms 
of the growth in overall area designated (Watson et al. 2016). 
This metric tells an optimistic story: with the global PA estate 
currently covering about 15% of the terrestrial surface and 
12% of marine areas within national jurisdiction (UNEP- 
WCMC et al. 2018), nations are on track to achieve the area 

component of Target 11 by 2020. However, when the coverage 
of species and ecosystems are considered, progress toward the 
Target is less positive, with only 22% of terrestrial amphibians, 
56% of birds, and 46% of mammals sufficiently represented in 
the global PA estate (Butchart et al. 2015).

Establishing more PAs is essential for achieving a compre-
hensive representation of biodiversity, but adequate representa-
tion is insufficient to ensure effective protection for imperiled 
biodiversity (Di Minin and Toivonen 2015; Di Marco et  al. 
2016). Well- resourced PAs (that is, those that are sufficiently 
funded and staffed) are effective tools for conserving biodiver-
sity in both terrestrial and marine environments (Laurance 
et al. 2012; Gill et al. 2016; Geldmann et al. 2018), but many 
PAs still have species’ populations declining within their 
boundaries (Craigie et  al. 2010; Geldmann et  al. 2013). 
Although many of the world’s PAs are thought to lack suffi-
cient resources to effectively manage and mitigate key threats 
to ecosystems and the biodiversity they support (Di Minin and 
Toivonen 2015), the degree of under- resourcing remains 
largely unknown due to a lack of collated, comparable manage-
ment data.

We used the Global Database on Protected Area Man-
agement Effectiveness (GD- PAME; Coad et  al. 2015) – the 
official repository of Protected Area Management Effectiveness 
(PAME) data agreed upon by Convention on Biological 
Diversity (CBD) signatory nations (UN CBD 2016) – to con-
duct the first assessment of progress toward CBD Target 11 in 
terms of both ecological representation and effective PA man-
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they have significantly less conservation benefit than fully pro-
tected areas.12,13 Partially protected areas are often preferred
over fully protected areas because a broader range of users can
still access those areas. However, allowed uses, even if regulated,
often concentrate inside such areas14,15 with potentially higher
detrimental impacts on biodiversity.16

A recently developed regulation-based classification system
for MPAs allows MPAs to be grouped according to the potential
impacts on species and habitats of alloweduses.17Whenapplied
to a rangeof published literature onMPAeffectiveness, it showed
that, on average, only fully and highly protected areas, which only
allowed infrequent use of some types of non-industrial, highly

Figure 1. Coverage of the Different Levels of Protection in the Mediterranean Sea
Each dot represents the centroid of amarine protected area (MPA), or a zone within anMPA in the case of multiple-zoneMPAs. The size of the dots is proportional

to the size of the MPA on a log scale. The color of the dots corresponds to the level of protection of the MPA. The percentage in the top right of each panel

represents the cumulative percentage of the Mediterranean Sea covered by the displayed levels of protection in the panel. In each panel (A–F), MPAs from the

lower level of protection from the previous panel are sequentially removed.
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SUMMARY

Ocean health is critical for human well-being but is threatened by multiple stressors. Parties to the Convention
on Biological Diversity agreed to protect 10% of their waters by 2020. The scientific evidence supporting the
use of marine protected areas (MPAs) to conserve biodiversity stems primarily from knowledge on fully pro-
tected areas, but most of what is being established is partially protected. Here, we assess the protection levels
of the 1,062MediterraneanMPAs.While 6.01%of theMediterranean is covered by protection, 95%of this area
shows no difference between the regulations imposed inside the MPAs compared with those outside. Full and
high levels of protection, themost effective for biodiversity conservation, represent only 0.23%of the basin and
are unevenly distributed across political boundaries and eco-regions. Our current efforts are insufficient at
managing human uses of nature at sea, and protection levels should be increased to deliver tangible benefits
for biodiversity conservation.

INTRODUCTION

A healthy ocean is critical for human well-being. Many Sustain-
able Development Goals (SDGs) may not be met without
achieving SDG 14 for ocean conservation and sustainable
use.1 However, oceans are threatened by multiple stressors,
with fishing as the most important driver.2 While there is an ur-
gent need to modify human behavior to allow sustainable devel-
opment pathways,3,4 mitigation strategies still need to be put
into practice. Within this context, marine protected areas
(MPAs) are an effective spatial, ecosystem-based management
tool,5 and Member States Parties to the Convention on Biolog-
ical Diversity (CBD) agreed to cover 10%of their coastal andma-

rine areas with MPAs by 2020 (CBD Aı̈chi target 11).6 This areal
target is shared by target 5 of SDG 14 and should only be consid-
ered a milestone, because current research suggests that at
least 30% of the ocean should be protected to meet global con-
servation goals.7 Here, we ask whether CBD Aı̈chi target 11 led
to effective conservation strategies or if the endeavors of Mem-
ber States deviated from the original aim of the target, which is to
deliver conservation outcomes.
Most of the science in support of MPAs has been based on fully

protected areas,8,9 where all extractive activities are forbidden,
yet in order to meet the CBD Aı̈chi target 11, most of the recently
established MPAs are only partially protected.10,11 Although
partially protected areas can be effective in some instances,

SCIENCE FOR SOCIETY The ocean is central to human well-being. It regulates climate and provides food,
energy, minerals, and genetic resources as well as cultural and recreational services. Even though the
United Nations Sustainable Development Goals cannot be met without a healthy ocean, an expanding hu-
man footprint is placing it at risk. To help protect the ocean, 193 Member States of the United Nations
agreed to protect 10% of their waters following the Convention on Biological Diversity. The target year
for completion was 2020. This year.
This work investigates how successfully the introduction of marine protected areas (MPAs) has been in the
Mediterranean Sea. We show that 1,062MPAs currently cover 6% of the basin, short of the 10% target. How-
ever, of greater concern is that 95% of the area covered by these 1,062 MPAs lack sufficient regulations to
reduce human impacts on biodiversity and protect ocean health. Only 0.23% of the basin is effectively pro-
tected, and these MPAs are unevenly distributed across political boundaries and eco-regions. More efforts
are needed if we are to protect our oceans and safeguard environmental and human well-being.
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selective, low impact, recreational, commercial, or subsistence
fishing gears, could deliver ecological benefits.13 Protection
levels are therefore a good indicator of MPA performance.

In this study, we focused on the Mediterranean Sea, which is
both a global hotspot for biodiversity and for human pres-
sure,18–20 and is an area that features an extensive system of
MPAs.21 Our assessment took a critical look at whether conser-
vation efforts are appropriately strategized to deliver ecological
benefits.

RESULTS AND DISCUSSION

We exctracted the list of MPAs fromMAPAMED,22 themost com-
plete database for MPAs in the Mediterranean. For multiple-zone
MPAs, we worked at the zone level and compiled and reviewed
the management plans and legal texts for the 1,062 existing
MPAs (or 1,346 zones) to classify themusing the regulation-based
classification system.17 All 1,062 MPAs included in our study are
approved by countries or focal points of the Barcelona
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Figure 2. Distribution of the Different Levels of Protection in the Mediterranean Sea
The proportion and distribution of the different levels of protection are displayed at different scales: (A) the entire Mediterranean Sea, European Union, and non-

European Union countries (percentages below the progress bars indicate the overall percentage cover of protection in the corresponding grouping, percentages

in the colored pie charts show how the different levels of protection are distributed in the corresponding grouping); (B) at the country level (gray bars on the left

show the percentage cover of the country’s coastal and marine areas under protection for all cumulated levels of protection, percentages inside brackets show

the percentage cover of only full and high levels of protection, colored bars on the right show how the levels of protection are distributed inside each country’s

coastal and marine areas); and (C) at the ecoregion level (colored pie charts show the distribution of the levels of protection inside each ecoregion and per-

centages indicate the percentage cover of the ecoregion under protection).
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One-sixth of the global terrestrial surface now falls within protected
areas (PAs), making it essential to understand how far they miti-
gate the increasing pressures on nature which characterize the
Anthropocene. In by far the largest analysis of this question to
date and not restricted to forested PAs, we compiled data from 12,315
PAs across 152 countries to investigate their ability to reduce human
pressure and how this varies with socioeconomic and management
circumstances. While many PAs show positive outcomes, strikingly we
find that compared with matched unprotected areas, PAs have on
average not reduced a compound index of pressure change over the
past 15 y. Moreover, in tropical regions average pressure change from
cropland conversion has increased inside PAs even more than in
matched unprotected areas. However, our results also confirm previ-
ous studies restricted to forest PAs, where pressures are increasing,
but less than in counterfactual areas. Our results also show that
countries with high national-level development scores have experi-
enced lower rates of pressure increase over the past 15 y within their
PAs compared with a matched outside area. Our results caution
against the rapid establishment of new PAs without simultaneously
addressing the conditions needed to enable their success.

counterfactual | Human Development Index | human footprint | impact
assessment | management effectiveness

The Anthropocene is characterized by an unparalleled “hu-
man impact on the global environment” (1) leading to dra-

matic declines in biodiversity and potentially the first mass
extinctions brought on by a single species (2). To reverse this
trend, a growing number of multilateral environmental agree-
ments have been adopted, most importantly the Convention on
Biological Diversity (CBD) (3). A chief instrument of the CBD is
the Strategic Plan for Biodiversity 2011–2020, whose Aichi tar-
gets call for the protection of 17% of the earth and 10% of the
oceans (4). This has resulted in the rapid expansion of the global
network of protected areas (PAs), which currently cover ap-
proximately 15% of the terrestrial surface and 7% of the world’s
oceans (5). This is an impressive policy achievement, but merely
designating PAs does not ensure protection of biodiversity. PAs
must deliver real conservation benefits by buffering the wild
populations and habitats they contain from human pressures on
the environment.
Despite wide recognition of the importance of understanding

the role PAs in conserving biodiversity (6), assessing the per-
formance of PAs has proved challenging, and evidence remains
relatively sparse (7) although more recent studies have started to
examine PA performance. Reviews of case studies have shown
that PAs can be and often do contribute to the persistence of
biodiversity (7) and for many of the world’s flagship species, PAs
are now their only remaining stronghold (8). Using remotely
sensed vegetation data, studies have shown that while PAs are
losing forest, these losses on average are less inside than outside
PAs (9–13). Other studies have related observed biodiversity
changes inside PAs to conditions immediately outside (finding
that PAs surrounded by more disturbed landscaped performed

worse) (14) to socioeconomic conditions and governance (find-
ing PAs in more developed countries to be more effective) (9,
15), and to management capacity and resources (finding that
more adequately resourced PAs perform better) (16). However,
these studies have been restricted in scope by the availability of
remote-sensed data for only 1 habitat (i.e., forest) or the subset
of PAs with in situ monitoring of only a subset of the biodiversity
values of the PAs. Further, assessing the performance of existing
PAs requires counterfactual thinking (17)—comparing outcomes
to what would most likely have happened if PAs had not been
established. This is important because PAs are not randomly
located in the landscape but often biased toward remote areas
where pressures on nature are expected to have remained low
even without formal protection (18). Without explicitly ac-
counting for this contextual bias in the location of PAs, changes
in conservation outcomes cannot be convincingly attributed to
PA designation.
To measure the ability of PAs to mitigate pressure, we used

the Temporal Human Pressure Index (THPI—the first global
spatially explicit data layer on recent temporal changes in human
pressure over 15 y from 1995). Our measure of THPI has 2
important strengths. First, our global measure of pressure, while
not perfect, is not biased by a specific habitat type (i.e., forest) or
a potentially nonrepresentative monitoring effort. Second, the
global coverage allows us to compare changes inside PAs with
changes in unprotected areas similar to our PAs in terms of
their initial exposure to pressure and location biases (i.e., their

Significance

Protected areas (PAs) are a key strategy for conserving nature
and halting the loss of biodiversity. Our results show that
while many PAs are effective, the large focus on increasing
terrestrial coverage toward 17% of the earth surface has led to
many PAs failing to stem human pressure. This is particularly
the case for nonforested areas, which have not been assessed
in previous analysis. Thus, we show that relying only on
studies of remote-sensed forest cover can produce a biased
picture of the effectiveness of PAs. Moving forward beyond
the current biodiversity targets, there is a need to ensure that
quality rather than quantity is better integrated and measured.
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counterfactual). We use this to assess the performance of 12,315
PAs (Fig. 1). Our sampled PAs are from 152 countries and to-
gether covered 81.8% of the 1995 global PA estate by area (the
start date for the THPI). To investigate large-scale geographical
differences, we examined PA performance for the Afrotropics,
Australasia, Indomalaya, the Nearctic, the Neotropics, and the
Palearctic, respectively. Additionally, we wanted to understand
the role of site-level factors, such as PA design and management,
as well as system-level factors, such as national land-use planning
and legislation in mitigating human pressure. All factors that
have been linked to the performance of PAs (19). To test this, we
examined the relationship between our measures of PA perfor-
mance and a suite of contextual factors for which we had data for
11,491 of the PAs. Finally we included the most widely applied
site-specific assessment of PA management (the Management
Effectiveness Tracking Tool [METT]) to examine the role of
management inputs for a smaller subset of 407 PAs for which we
had METT data.

Results
Across all 6 realms, PAs experienced increased human pressure
(as revealed by positive THPI scores) over the period 1995 to
2010, with the largest increases observed in Indomalaya (mean =
5.53, SE = 0.12), followed by the Afrotropics (mean = 2.95, SE =
0.05), and the smallest in Australasia (mean = 0.27, SE = 0.02)
and the Nearctic (mean = 0.14, SE = 0.03) (Fig. 2A). Comparing
THPI scores inside PAs to their counterfactuals, we found that
PAs underwent lower pressure increases over the last 15 y than
the counterfactuals in the Palearctic (Df = 40,073, F= 2,934, P<
0.001), Australasia (Df = 8,912, F = 388, P < 0.001), and the
Nearctic (Df = 18,670, F= 520, P< 0.001). However, changes in
pressure over the past 15 y were significantly higher inside PAs
than in the counterfactuals in Indomalaya (Df = 5,878, F= 319,
P< 0.001), the Afrotropics (Df = 24,747, F= 2,540, P< 0.001),
and the Neotropics (Df = 18,645, F = 592, P < 0.001). These
results are counter to previous studies that have been restricted
to using avoided deforestation as a proxy for effectiveness. To
examine this discrepancy between our results from forested PAs,
we replicated previous analysis for the Brazilian Amazon (11,

13), Malagasy forested PAs (12), and forested Sumatran PAs (20)
covering the 3 realms. Our results, restricted to forested areas from
these regions corroborated previous matching studies and showed
that for forested PAs, pressure has increased less inside than in the
counterfactual, highlighting a key difference in the patterns found in
forest and those we show for nonforested habitats.
When disaggregating these patterns by the 3 components of

the THPI, Indomalaya experienced the largest increase in both
PAs and unprotected lands in terms of human population density
(Fig. 2B), night lights (Fig. 2C), and agriculture (Fig. 2D).
Comparing the individual THPI components inside versus out-
side PAs, we found that agriculture expanded more over the last
15 y inside than matched outside PAs in Indomalaya (F= 551,
P< 0.001), the Afrotropics (F= 2,329, P< 0.001), and the Pa-
learctic (F = 3,420, P < 0.001), while differences in changes in
agriculture, albeit significant, were indistinguishable between
PAs and their counterfactuals in the Nearctic (F = 850, P <
0.001), Australasia (F= 934, P< 0.001), and the Neotropics (F=
577, P< 0.001) (Fig. 2D). For human population density, there
was little difference in 15-y changes between PAs and the
counterfactuals (Fig. 2B), except for in the Afrotropics where
population growth was lower inside PAs (F = 916, P < 0.001),
and the Neotropics where increases in population numbers were
higher inside PAs than the counterfactual (F= 163, P< 0.001).
PAs in the Nearctic (F= 227, P< 0.001), Palearctic (F= 2,335,
P< 0.001), Afrotropics (F= 377, P< 0.001), and in Indomalaya
(F= 220, P< 0.001) had smaller increases in night light densities
than the counterfactual (Fig. 2C). These patterns were similar
when looking at changes across landcover classes, where agri-
culture increased more inside PAs than in their counterfactuals
across most vegetation types, in particular, in grassland, consis-
tent with the subanalysis for forested PAs (SI Appendix, Fig. S1).
Conversely PAs across all vegetation types were effective at
stemming pressure from humans and night lights.
To examine what factors contribute to the performance of

PAs, we calculated a relative effectiveness score for each PA, as
the difference between the mean change in THPI inside PAs and
the mean change in THPI for the counterfactual. We did this
both for the full set for which we had contextual variables and

Fig. 1. Map of the 12,315 PAs existing in 1995 (blue) from the 152 countries included in the analysis, across Afrotropic = 2,278, Australasia = 871,
Indomalaya = 927, Nearctic = 2,468, Neotropic = 1,033, and Palearctic = 4,738 as well as the 407 PAs for which METT data existed (crimson). Dark gray shows
the countries for which we had METT data.
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En moyenne, les aires protégées ont 
subi depuis 15 ans un accroissement 
des pressions. Dans les régions 
tropicales la pression associée au 
changement d’usage des terres en 
faveur de l’agriculture s’est plus 
accrue à l’intérieur des aires 
protégées que dans les surfaces non 
protégées voisines. 

Les résultats montrent que la 
pression s’accroît sur les aires 
protégées forestières, mais moins que 
sur les autres types d’aires protégées. 

L’accroissement des pressions sur les 
aires protégées depuis 15 ans est plus 
faible dans les pays qui ont un niveau 
de développement élevé. 

Ces résultats alertent quant aux 
risques d’établissement rapide de 
nouvelles aires protégées qui ne 
tiendrait pas compte des conditions 
permettant leur succès. 

Les aires protégées tendent à devenir des surfaces à exploiter 
là où les populations sont à la recherche de terres



… de rétrogradation, réduction et de déclassement

13

sciencemag.org  SCIENCE

G
R

A
P

H
IC

: 
M

. 
K

E
L

L
Y

/
U

W
 C

A
R

T
 L

A
B

By Lisa Naughton-Treves1 

and Margaret Buck Holland2

A
fter 30 years of rapid growth in ter-

restrial protected areas, especially in 

the biodiverse tropics, expansion has 

slowed despite the ongoing mass ex-

tinction of species. Indeed, on page 

881 of this issue, Kroner et al. (1) re-

port that in some regions, the area that is 

protected is declining. They document ex-

amples of protected areas that have been 

made smaller or degazetted entirely, includ-

ing in the United States and the Amazon. 

Taken together, these findings suggest a 

troubling trend; there are few wild spaces 

left to offset these losses with new parks, 

and biodiversity itself is irreplaceable. Even 

more common than erasing or shrinking 

parks are cases where the rules are loosened 

to allow resource use in areas that were pre-

viously strictly protected (1). Understanding 

the impacts of these “downgrades” requires 

reexamining the goals of protected areas 

and recognizing the gap between the offi-

cial rules and actual management.

Species richness and abundance are gen-

erally higher inside than outside terrestrial 

protected areas, a contrast explained partly 

by lower land-use intensity (2). However, 

especially in the tropics, protected areas 

and surrounding regions are home to many 

poor citizens. Some of them rely on the 

same wildlands for income or, in the case 

of the very poor, as a “safety-net” to avoid 

falling into deeper poverty (3, 4). In some 

cases, the creation of parks has undermined 

local livelihoods, particularly in parts of Af-

rica, where parks are associated with colo-

nial land seizures (5).

The relationship between poverty and 

biodiversity conservation is complex, and 

it would be wrong to assume that parks 

inevitably impoverish local people (6). But 

over recent decades, appeals for human 

rights and welfare have led to a more peo-

CONSERVATION

Losing ground 
in protected areas?
Saving biodiversity requires reducing extractive pressures  
and engaging local communities in management

that can insert themselves, and any DNA 

in between them, into other parts of the 

genome. Ishikawa et al. show that transpo-

sons are responsible for the multiple inde-

pendent duplications of Fads2 in different 

freshwater stickleback populations.

Transposons are a classic example of a 

selfish genetic element because of their 

ability to replicate, often at a fitness cost 

to the rest of the genome (or the individual 

organism) (8). Genome-wide surveys of-

ten correlate transposon abundance with 

particular lineages (9, 10) or evolutionary 

innovations to adapt to rapidly changing 

environments, such as the appearance of 

parasites that become locked into a con-

stantly coevolving arms race with hosts. 

For example, a pathogen can evolve the 

best virulent variations of a gene to infect 

the host while the host evolves the best re-

sistant allele to survive parasitism (11). The 

study of Ishikawa et al. is unusual in pin-

pointing an adaptive role for transposons 

that directly increase the number of copies 

of a key metabolic gene in a vertebrate. The 

threshold at which additional Fads2 copies 

will lower rather than increase freshwa-

ter fish fitness remains an open question. 

No fish surveyed by the authors had more 

than three copies of the Fads2 gene.

Most people are familiar with the major 

evolutionary transition of vertebrates from 

water to land. Less appreciated, and more 

repeatable, are those transitions between 

marine habitats and freshwater. In both 

cases, colonizing a new habitat has resulted 

in rapid diversification for some lineages. 

Although all fish originated in saltwater, 

there are currently more species of ray-

finned fish in freshwater than in marine en-

vironments, and the vast majority of marine 

ray-finned fish species have freshwater an-

cestors that migrated back to saltwater (12). 

More studies like that of Ishikawa et al. will 

help to pinpoint the genetic variation nec-

essary for repeated evolutionary transitions 

to different environments. j
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fter 30 years of rapid growth in ter-

restrial protected areas, especially in 

the biodiverse tropics, expansion has 

slowed despite the ongoing mass ex-

tinction of species. Indeed, on page 

881 of this issue, Kroner et al. (1) re-

port that in some regions, the area that is 

protected is declining. They document ex-

amples of protected areas that have been 

made smaller or degazetted entirely, includ-

ing in the United States and the Amazon. 

Taken together, these findings suggest a 

troubling trend; there are few wild spaces 

left to offset these losses with new parks, 

and biodiversity itself is irreplaceable. Even 

more common than erasing or shrinking 

parks are cases where the rules are loosened 

to allow resource use in areas that were pre-

viously strictly protected (1). Understanding 

the impacts of these “downgrades” requires 

reexamining the goals of protected areas 

and recognizing the gap between the offi-

cial rules and actual management.

Species richness and abundance are gen-

erally higher inside than outside terrestrial 

protected areas, a contrast explained partly 

by lower land-use intensity (2). However, 

especially in the tropics, protected areas 

and surrounding regions are home to many 

poor citizens. Some of them rely on the 

same wildlands for income or, in the case 

of the very poor, as a “safety-net” to avoid 

falling into deeper poverty (3, 4). In some 

cases, the creation of parks has undermined 

local livelihoods, particularly in parts of Af-

rica, where parks are associated with colo-

nial land seizures (5).
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that can insert themselves, and any DNA 

in between them, into other parts of the 

genome. Ishikawa et al. show that transpo-

sons are responsible for the multiple inde-

pendent duplications of Fads2 in different 

freshwater stickleback populations.

Transposons are a classic example of a 

selfish genetic element because of their 

ability to replicate, often at a fitness cost 

to the rest of the genome (or the individual 

organism) (8). Genome-wide surveys of-

ten correlate transposon abundance with 

particular lineages (9, 10) or evolutionary 

innovations to adapt to rapidly changing 

environments, such as the appearance of 

parasites that become locked into a con-

stantly coevolving arms race with hosts. 

For example, a pathogen can evolve the 

best virulent variations of a gene to infect 

the host while the host evolves the best re-

sistant allele to survive parasitism (11). The 

study of Ishikawa et al. is unusual in pin-

pointing an adaptive role for transposons 

that directly increase the number of copies 

of a key metabolic gene in a vertebrate. The 

threshold at which additional Fads2 copies 

will lower rather than increase freshwa-

ter fish fitness remains an open question. 

No fish surveyed by the authors had more 

than three copies of the Fads2 gene.

Most people are familiar with the major 

evolutionary transition of vertebrates from 

water to land. Less appreciated, and more 

repeatable, are those transitions between 

marine habitats and freshwater. In both 

cases, colonizing a new habitat has resulted 

in rapid diversification for some lineages. 

Although all fish originated in saltwater, 

there are currently more species of ray-

finned fish in freshwater than in marine en-

vironments, and the vast majority of marine 

ray-finned fish species have freshwater an-

cestors that migrated back to saltwater (12). 

More studies like that of Ishikawa et al. will 

help to pinpoint the genetic variation nec-

essary for repeated evolutionary transitions 

to different environments. j
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port that in some regions, the area that is 

protected is declining. They document ex-
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made smaller or degazetted entirely, includ-

ing in the United States and the Amazon. 

Taken together, these findings suggest a 

troubling trend; there are few wild spaces 

left to offset these losses with new parks, 

and biodiversity itself is irreplaceable. Even 

more common than erasing or shrinking 

parks are cases where the rules are loosened 

to allow resource use in areas that were pre-

viously strictly protected (1). Understanding 

the impacts of these “downgrades” requires 

reexamining the goals of protected areas 

and recognizing the gap between the offi-

cial rules and actual management.

Species richness and abundance are gen-

erally higher inside than outside terrestrial 

protected areas, a contrast explained partly 

by lower land-use intensity (2). However, 

especially in the tropics, protected areas 

and surrounding regions are home to many 

poor citizens. Some of them rely on the 

same wildlands for income or, in the case 

of the very poor, as a “safety-net” to avoid 

falling into deeper poverty (3, 4). In some 

cases, the creation of parks has undermined 

local livelihoods, particularly in parts of Af-

rica, where parks are associated with colo-

nial land seizures (5).
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inevitably impoverish local people (6). But 
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sons are responsible for the multiple inde-

pendent duplications of Fads2 in different 

freshwater stickleback populations.
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ability to replicate, often at a fitness cost 

to the rest of the genome (or the individual 

organism) (8). Genome-wide surveys of-

ten correlate transposon abundance with 

particular lineages (9, 10) or evolutionary 

innovations to adapt to rapidly changing 

environments, such as the appearance of 

parasites that become locked into a con-

stantly coevolving arms race with hosts. 

For example, a pathogen can evolve the 

best virulent variations of a gene to infect 

the host while the host evolves the best re-

sistant allele to survive parasitism (11). The 

study of Ishikawa et al. is unusual in pin-

pointing an adaptive role for transposons 

that directly increase the number of copies 

of a key metabolic gene in a vertebrate. The 

threshold at which additional Fads2 copies 

will lower rather than increase freshwa-

ter fish fitness remains an open question. 

No fish surveyed by the authors had more 

than three copies of the Fads2 gene.

Most people are familiar with the major 

evolutionary transition of vertebrates from 

water to land. Less appreciated, and more 

repeatable, are those transitions between 

marine habitats and freshwater. In both 

cases, colonizing a new habitat has resulted 

in rapid diversification for some lineages. 

Although all fish originated in saltwater, 

there are currently more species of ray-

finned fish in freshwater than in marine en-

vironments, and the vast majority of marine 

ray-finned fish species have freshwater an-

cestors that migrated back to saltwater (12). 

More studies like that of Ishikawa et al. will 

help to pinpoint the genetic variation nec-

essary for repeated evolutionary transitions 

to different environments. j
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PROTECTED AREAS

The uncertain future of protected
lands and waters
Rachel E. Golden Kroner1,2*, Siyu Qin2,3, Carly N. Cook4, Roopa Krithivasan5,
Shalynn M. Pack6, Oscar D. Bonilla7, Kerry Anne Cort-Kansinally8, Bruno Coutinho9,
Mingmin Feng2,10, Maria Isabel Martínez Garcia9, Yifan He2, Chris J. Kennedy1,
Clotilde Lebreton11, Juan Carlos Ledezma12, Thomas E. Lovejoy1, David A. Luther13,
Yohan Parmanand8, César Augusto Ruíz-Agudelo14, Edgard Yerena15,
Vilisa Morón Zambrano15, Michael B. Mascia2

Protected areas are intended to safeguard biodiversity in perpetuity, yet evidence suggests
that widespread legal changes undermine protected area durability and efficacy.We
documented these legal changes—protected area downgrading, downsizing, and
degazettement (PADDD) events—in the United States and Amazonian countries and
compiled available data globally. Governments of the United States and Amazonian
countries enacted 269 and 440 PADDD events, respectively. Between 1892 and 2018,
73 countries enacted 3749 PADDD events, removing 519,857 square kilometers from
protection and tempering regulations in an additional 1,659,972 square kilometers; 78%
of events were enacted since 2000. Most PADDD events (62%) are associated with
industrial-scale resource extraction and development, suggesting that PADDD may
compromise biodiversity conservation objectives. Strategic policy responses are needed
to address PADDD and sustain effective protected areas.

G
overnments have designated nearly 15%of
global lands and 7.3% of oceans as pro-
tected areas (PAs) (1) to “achieve the long-
term conservation of nature” (2). Amid
calls to accelerate PA designation to safe-

guard biodiversity (3), some governments have
initiated large-scale rollbacks to legal protections
(4–9). Collectively, legal changes that temper,
shrink, or abolish PAs are known as protected
area downgrading, downsizing, and degazette-
ment (PADDD) events [(4), Fig. 1]. PADDD events
can accelerate forest loss, fragmentation, and
carbon emissions (5, 6).
Through systematic archival research and ex-

pert consultation (see materials and methods),
we documented enacted and proposed PADDD
events in two regions experiencing rapid environ-
mental policy change: the United States and the
nine Amazonian countries. Combined with prev-

iously published and unpublishedPADDD records
from 66 additional countries collected system-
atically, opportunistically, and through crowd-
sourcing [(5–9), table S1], we present the most
comprehensive global review to date of the
extent, trends, and proximate causes of PADDD.

The United States is home to the first modern
PAs—Yellowstone and Yosemite National Parks—
and has historically been a global conservation
leader. Between 1892 and 2017, however, the U.S.
government enacted at least 269 PADDD events
in 229 terrestrial federal PAs, removing protec-
tions for 15,555 km2 and tempering regulations
in an additional 511,307 km2 (Fig. 2). The U.S.
government enacted PADDD events in 44 states
across all federal land management agencies.
The earliest PADDDeventwas enacted in 1892 in
Yosemite National Park, when Congress author-
ized wagon road and turnpike construction (6);
in 1905, Congress downsized Yosemite by 30%
to enable forestry and mining (6). Most U.S.
PADDD events (n = 186) resulted from a 2016
National Park Service regulation provisionally
allowing Native American tribes to harvest
plants for traditional subsistence purposes if the
activity will have “no significant ecological im-
pact” (10). Conversely, 34 PADDD events were
associated with industrial-scale resource extrac-
tion and development, including the downsizing
of Joshua Tree National Park for mining (1950)
and the downgrading of eight national forests to
allow ski infrastructure construction (1986).
From 1944 to 2017, the U.S. government pro-

posed at least 737 PADDD events in 426 PAs,
which, if enacted, would affect 402,414 km2 of
protected lands. The government introduced
90% of U.S. PADDD proposals since 2000, 99%
of which were associated with industrial-scale
development. For instance, proposals in 2011 and
2015 to authorize infrastructure construction for
national security purposes onpublic lands “within
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Protected Area Downgrade

Downsize Degazettement

A clearly defined geographical space, recognized, 
dedicated and managed, through legal or other effective 
means, to achieve the long-term conservation of nature 
with associated ecosystem services and cultural values.

A decrease in legal restrictions on the number, 
magnitude, or extent of human activities within a 
protected area.

A decrease in size of a protected area as a result of excision 
of land or sea area through a legal boundary change.

A loss of legal protection for an entire 
protected area.

Fig. 1. Protected area downgrading, downsizing, and degazettement. PAs are defined in (2);
downgrading, downsizing, and degazettement are defined in (4). PADDD events are legal (de jure)
changes, as distinct from (but potentially related to) de facto PA management and performance.
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Protected areas are intended to safeguard biodiversity in perpetuity, yet evidence suggests
that widespread legal changes undermine protected area durability and efficacy.We
documented these legal changes—protected area downgrading, downsizing, and
degazettement (PADDD) events—in the United States and Amazonian countries and
compiled available data globally. Governments of the United States and Amazonian
countries enacted 269 and 440 PADDD events, respectively. Between 1892 and 2018,
73 countries enacted 3749 PADDD events, removing 519,857 square kilometers from
protection and tempering regulations in an additional 1,659,972 square kilometers; 78%
of events were enacted since 2000. Most PADDD events (62%) are associated with
industrial-scale resource extraction and development, suggesting that PADDD may
compromise biodiversity conservation objectives. Strategic policy responses are needed
to address PADDD and sustain effective protected areas.

G
overnments have designated nearly 15%of
global lands and 7.3% of oceans as pro-
tected areas (PAs) (1) to “achieve the long-
term conservation of nature” (2). Amid
calls to accelerate PA designation to safe-

guard biodiversity (3), some governments have
initiated large-scale rollbacks to legal protections
(4–9). Collectively, legal changes that temper,
shrink, or abolish PAs are known as protected
area downgrading, downsizing, and degazette-
ment (PADDD) events [(4), Fig. 1]. PADDD events
can accelerate forest loss, fragmentation, and
carbon emissions (5, 6).
Through systematic archival research and ex-

pert consultation (see materials and methods),
we documented enacted and proposed PADDD
events in two regions experiencing rapid environ-
mental policy change: the United States and the
nine Amazonian countries. Combined with prev-

iously published and unpublishedPADDD records
from 66 additional countries collected system-
atically, opportunistically, and through crowd-
sourcing [(5–9), table S1], we present the most
comprehensive global review to date of the
extent, trends, and proximate causes of PADDD.

The United States is home to the first modern
PAs—Yellowstone and Yosemite National Parks—
and has historically been a global conservation
leader. Between 1892 and 2017, however, the U.S.
government enacted at least 269 PADDD events
in 229 terrestrial federal PAs, removing protec-
tions for 15,555 km2 and tempering regulations
in an additional 511,307 km2 (Fig. 2). The U.S.
government enacted PADDD events in 44 states
across all federal land management agencies.
The earliest PADDDeventwas enacted in 1892 in
Yosemite National Park, when Congress author-
ized wagon road and turnpike construction (6);
in 1905, Congress downsized Yosemite by 30%
to enable forestry and mining (6). Most U.S.
PADDD events (n = 186) resulted from a 2016
National Park Service regulation provisionally
allowing Native American tribes to harvest
plants for traditional subsistence purposes if the
activity will have “no significant ecological im-
pact” (10). Conversely, 34 PADDD events were
associated with industrial-scale resource extrac-
tion and development, including the downsizing
of Joshua Tree National Park for mining (1950)
and the downgrading of eight national forests to
allow ski infrastructure construction (1986).
From 1944 to 2017, the U.S. government pro-

posed at least 737 PADDD events in 426 PAs,
which, if enacted, would affect 402,414 km2 of
protected lands. The government introduced
90% of U.S. PADDD proposals since 2000, 99%
of which were associated with industrial-scale
development. For instance, proposals in 2011 and
2015 to authorize infrastructure construction for
national security purposes onpublic lands “within
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972 autres km2,
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prélèvements de ressources de niveau 
industriel. 
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from 66 additional countries collected system-
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tions for 15,555 km2 and tempering regulations
in an additional 511,307 km2 (Fig. 2). The U.S.
government enacted PADDD events in 44 states
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Yosemite National Park, when Congress author-
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A B S T R A C T

Conservationists and protected area managers spend millions in establishing and maintaining protected areas
every year. However, many studies revealed that the design and coverage of protected areas are still inadequate
in representing key biodiversity features, are insufficient in the management approach to address the threats and
pressures and have a low level of ecological integrity because of the increasing levels of environmental de-
gradation. There is strong evidence of different anthropogenic pressures that deteriorate the effectiveness of
existing protected areas, structurally, compositionally and functionally. Hence, the evaluation of a protected
area’s effectiveness is very crucial in maintaining long-term biodiversity conservation. Different evaluations have
been carried out to assess the effectiveness of protected areas but focus only on certain issues or a single
component. Current effectiveness evaluations still inadequately incorporate important criteria to make the
evaluation of protected areas more comprehensive. Therefore, this paper will first focus on reviewing the current
conditions and threats towards biodiversity conservation in tropical protected areas. Then, there will be a dis-
cussion on the relationship between the threats that cause issues with the effectiveness of protected areas. From
issues that influence protected areas, the criteria or components that are crucial in developing the consolidated
index model are identified. The main objective of this paper is to propose a consolidated index model that
integrates the components of design and planning, ecological integrity and management to assess the con-
servation effectiveness of individual terrestrial protected areas in tropical regions. Hence, this paper presents the
first step to develop a consolidated index model that can be implemented by park managers to assess con-
servation effectiveness.

1. Introduction

Protected areas have been acknowledged as a key tool to protect
biodiversity, safeguard ecosystem health, and provide ecosystem ser-
vices, livelihoods and sustenance to local communities (DeFries et al.,
2005; Hockings, 2003; IUCN, 2005; Shaharum et al., 2018). Generally,
the conservation goals and targets of protected areas range from bio-
logical, geological, and economic to socio-cultural and heritage (Davis,
2009; Watson et al., 2014). In fact, the importance of protected areas is
highlighted in Article 8 of the Convention of Biological Diversity (CBD);
that is, special measures need to be taken in conserving biodiversity for
each protected area and the guidelines for the selection, establishment
and management of a protected area need to be developed alongside
biodiversity conservation (Davey, 1998). To achieve the goals and
targets, a management categorization of protected areas has been de-
veloped based on international environmental organizations or

conventions (e.g., World Heritage Sites), nationally and locally desig-
nated names (e.g., national parks and bird sanctuaries), and names of
cultural and religious significance (e.g., sacred gardens) (Davis, 2009).
Meanwhile, new protected areas continue to be established and, to an
extent, the existing ones prevailed (Joseph et al., 2009; Hausner et al.,
2017; Watson et al., 2014). This situation has always been used as a
measure to perceive protected areas as effective in biodiversity con-
servation. However, this is not a perfect measure, as conservation ef-
fectiveness of protected areas is influenced by various socio-ecological
factors (Cumming, 2016; Gaston et al., 2006). The expansion of pro-
tected areas that only meet a conservation target or national commit-
ment can possibly cause the displacement of agricultural development
to areas of species diversity and perpetuate the insufficiency of threa-
tened species protection (Visconti et al., 2015).

At present, the evaluation of protected area conservation effective-
ness mainly focuses on management aspects (Coad et al., 2013; Dudley
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hilly or hardly accessible land, there would be a hurdle for park mon-
itoring. Some of these protected areas become ‘paper parks’, ostensibly
protected but with no staff or resources provided to operate it, as well
as a lack of effective governance and management (Sammet, 2011).
With weak law and policy enforcement, understaffed and underfunded
management in protected areas becomes fragile and not able to resist
the external pressure to the protected areas’ boundaries and effectively
conserve biodiversity (Dudley et al., 2004b; Muhumuza and Balkwill,
2013).

The evidence of poor management can be seen in the protected
areas, for example, in peninsular Malaysia, when the endangered spe-
cies Sumatran rhinoceros (Dicerorhinus sumatrensis) was recorded with a
declining population (Ahmad Zafir et al., 2011), while Havmøller et al.
(2015) suggested that this species was already extinct in the wild. The
conservation condition worsens when there are other limitations faced
by the management of the protected area, such as (a) resource con-
straints (e.g., budget and manpower), (b) governance confusion (e.g.,
conflict of authority and objectives of conservation in government and
other agencies), (c) community welfare issues, and (d) institutional and
capacity building (e.g., skills, knowledge, and conservation approaches)
(Hockings, 2003; Kolahi et al., 2013; Leverington et al., 2010b). All of
these shortcomings could contribute to illegal activities, which even-
tually further degrade the natural resources of the protected area
(Dudley et al., 2004b; Watson et al., 2014). Environmental changes
outside protected areas are also as important as those inside (Bailey
et al., 2016; Laurance et al., 2012), but they have always been ignored
and have degraded over space and time. As a result, the poorly located
protected areas with poor management interventions eventually fail to
capture critical biodiversity features, ineffectively allocate limited re-
sources for conservation and show poor governance to halt the con-
tinuous development pressures that cause land use change within pro-
tected areas (Brooks, 2014; Joppa and Pfaff, 2010; Watson et al., 2016).

Here, three major issues of conservation effectiveness of protected
areas have been identified: design, management process and ecological
integrity. They are interrelated and influenced by each other; thus, they
all need to be understood and considered in evaluating the conservation
effectiveness of protected areas (Fig. 2).

4. Proposed framework of consolidated index model

A consolidated index model is necessary in the context of the eva-
luation of conservation effectiveness because it represents various at-
tributes that reflect the quality and performance of the protected area.
In this regard, we conclude that the three issues of conservation ef-
fectiveness (i.e., design, management process and ecological integrity)
are the main criteria or indicators in the proposed framework of the
consolidated index model, and their definitions follow Ervin (2003a):

(i) Design – evaluate how well the representativeness, size and lo-
cality of the area cover the maximum range of biodiversity;

(ii) Management processes – review the progress of implementation
against predetermined objectives and standards, evaluate the
output and outcome of the management processes;

(iii) Ecological integrity – measure the degree of degradation, level of
intactness, viability and persistence of the biodiversity and eco-
system processes.

Generally, the combination of the three components represented by
various indicators can potentially avoid the limitations in the com-
monly used evaluation tools and enable measurements of a variable
that cannot be directly observable through an individual indicator
(OECD, 2008; Rodríguez-Rodríguez and Martínez-Vega, 2012). None-
theless, the developed model assessment has to be understandable and
easily used by park managers and other managing stakeholders. Hence,
prior to establishing the consolidated index model, a review of its
characteristics is important to examine the comprehensiveness of the
index.

4.1. The characteristics of the consolidated index model

Previously, Andreasen et al. (2001) developed a terrestrial index of
ecological integrity and mentioned six characteristics for the index:
multi-scaled, grounded in natural history, relevant and helpful, flexible,
measurable and comprehensive. While Rodríguez-Rodríguez and
Martínez-Vega (2012) also proposed an integrated assessment on the
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Fig. 2. Relationships between different issues that cause conservation ineffectiveness in protected areas.
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into a consolidated index, and finally perform a sensitivity analysis.
Each component of the consolidated index (design, ecological in-

tegrity and management processes) is assigned a weight through dif-
ferential weighting (unequal weighting). Differential weighting consists
of a statistical model, such as a factor analysis and a principal compo-
nent analysis (PCA), whereas participatory methods are the analytic
hierarchy process (AHP) and a conjoint analysis (CA). These weighting
techniques can be employed when there is ample awareness and un-
derstanding of the relative importance of each component or of the
trade-offs between component indices (Decancq and Lugo, 2013; Tate,
2012). AHP is a good choice to derive weights according to the deci-
sion-makers’ pairwise comparisons and the eigenvalue technique ap-
plied to each criterion of the components (sensu Saaty, 1980). This
weighting based on the opinions of experts who know the policy prio-
rities and theoretical backgrounds so that the multiplicity of stake-
holders’ viewpoints can be reflected (Nardo et al., 2005).

After weights are assigned to each component index according to
their relative importance to conservation of natural resources, scores
from each component can be aggregated into a composite score or a
single index value. The most straightforward and understandable ad-
ditive method will be used to aggregate the index when all the values
are standardized to the same measurement unit and finally result in a
quantitative index score. Moreover, the advantage of linear additive
aggregation of the index is the full compensability characteristic, in
which poor performance in some indicators can be compensated by
sufficiently high values of other indicators (Nardo et al., 2005).

However, the assignment of numerical weights should be tested by a
sensitivity analysis (Baptista 2014). A sensitivity analysis serves as the
tool to evaluate all possible sources of uncertainty in the index design
and input factors, for example, theoretical assumptions, indicator se-
lection, data selection and quality, data normalisation, weighting
scheme, and aggregation method (Baptista, 2014; Nardo et al., 2005;
OECD, 2008). The sensitivity of the composite index can be identified
through a calculation of the coefficient of sensitivity (CS) that follows
the standard economic concept of elasticity, where there is a percentage
change in the output for a given percentage change in an input
(Mansfield, 1985). The equation modified by Abdullah and Nakagoshi
(2007) is as follows:

=CS
EI EI EI

WT WT WT
( )/

( )/
j i i

jk ik ik (10)

where EI is a measured index value; WT is the adjusted value of a
weight given to the respective indicators; i and j represent the initial
and adjusted values, respectively; and k is the indicator component. If
the value of the coefficient is less than one, then the EI value (output) is
considered to be robust to changes in the weight of the metric com-
ponent (input).

Lastly, the composite effectiveness index that consists of three main
component indices is shown as follows:= + +E xE yE zEd ei m (11)

where E is the single effectiveness index; Ed, Eei and Em represent the
design effectiveness index, ecological integrity effectiveness index and
management effectiveness index, respectively; x, y and z stand for
weights for the respective component index. Each component has its
own influence on the composite index value (E) with respect to their
weightage. In general, those indicators that reflect the impact of human
disturbance or threats to the protected area will lower the final index of
effectiveness as they carry the adverse effect to the biodiversity con-
servation, such as fragmentation and hemeroby. There will be five ca-
tegories of the conservation effectiveness level, from ‘very ineffective’
to ‘ineffective’, ‘moderate effective’, ‘effective’, and ‘highly effective’.
For example, the range of the composite index value is from 0 to 10,
and a total index value of a protected area of 5 means that it is mod-
erately effective.

The single effectiveness index (E) that consists of the three main
component indices and is associated with other sub-indices that are
often correlated to each other in affecting the effectiveness of the
protected area (refer to Fig. 3). There are few studies that seek corre-
lations within and across these three elements, such as Margules and
Pressey (2000), who showed the relationship in site selection of re-
serves (spatial design) with the management approaches and goals,
while Bruner et al. (2001) looked at the relationship of how manage-
ment strategies influence the ecological integrity, and Joseph et al.
(2009) related the assessment of ecological integrity in contributing to
the management strategies. Checking on the correlations between dif-
ferent factors that influence the effectiveness can give a glimpse of the
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Fig. 3. Schematic flow chart showing different
components and the associated quantitative in-
dicators chosen for the development of a con-
solidated index (effectiveness index, E) that can be
used to evaluate the conservation effectiveness of an
individual protected areas in the tropical region.
The main components of evaluation are design,
management and ecological integrity of protected
areas and these components are interrelated and
influenced by each other. The indicators and indices
selected for each component can be adapted to dif-
ferent context, scope or scale of study. The index
values with their respective weightage (x, y and z)
from each components will be aggregated to calcu-
late the overall effectiveness index (E) for a pro-
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A B S T R A C T

Conservationists and protected area managers spend millions in establishing and maintaining protected areas
every year. However, many studies revealed that the design and coverage of protected areas are still inadequate
in representing key biodiversity features, are insufficient in the management approach to address the threats and
pressures and have a low level of ecological integrity because of the increasing levels of environmental de-
gradation. There is strong evidence of different anthropogenic pressures that deteriorate the effectiveness of
existing protected areas, structurally, compositionally and functionally. Hence, the evaluation of a protected
area’s effectiveness is very crucial in maintaining long-term biodiversity conservation. Different evaluations have
been carried out to assess the effectiveness of protected areas but focus only on certain issues or a single
component. Current effectiveness evaluations still inadequately incorporate important criteria to make the
evaluation of protected areas more comprehensive. Therefore, this paper will first focus on reviewing the current
conditions and threats towards biodiversity conservation in tropical protected areas. Then, there will be a dis-
cussion on the relationship between the threats that cause issues with the effectiveness of protected areas. From
issues that influence protected areas, the criteria or components that are crucial in developing the consolidated
index model are identified. The main objective of this paper is to propose a consolidated index model that
integrates the components of design and planning, ecological integrity and management to assess the con-
servation effectiveness of individual terrestrial protected areas in tropical regions. Hence, this paper presents the
first step to develop a consolidated index model that can be implemented by park managers to assess con-
servation effectiveness.

1. Introduction

Protected areas have been acknowledged as a key tool to protect
biodiversity, safeguard ecosystem health, and provide ecosystem ser-
vices, livelihoods and sustenance to local communities (DeFries et al.,
2005; Hockings, 2003; IUCN, 2005; Shaharum et al., 2018). Generally,
the conservation goals and targets of protected areas range from bio-
logical, geological, and economic to socio-cultural and heritage (Davis,
2009; Watson et al., 2014). In fact, the importance of protected areas is
highlighted in Article 8 of the Convention of Biological Diversity (CBD);
that is, special measures need to be taken in conserving biodiversity for
each protected area and the guidelines for the selection, establishment
and management of a protected area need to be developed alongside
biodiversity conservation (Davey, 1998). To achieve the goals and
targets, a management categorization of protected areas has been de-
veloped based on international environmental organizations or

conventions (e.g., World Heritage Sites), nationally and locally desig-
nated names (e.g., national parks and bird sanctuaries), and names of
cultural and religious significance (e.g., sacred gardens) (Davis, 2009).
Meanwhile, new protected areas continue to be established and, to an
extent, the existing ones prevailed (Joseph et al., 2009; Hausner et al.,
2017; Watson et al., 2014). This situation has always been used as a
measure to perceive protected areas as effective in biodiversity con-
servation. However, this is not a perfect measure, as conservation ef-
fectiveness of protected areas is influenced by various socio-ecological
factors (Cumming, 2016; Gaston et al., 2006). The expansion of pro-
tected areas that only meet a conservation target or national commit-
ment can possibly cause the displacement of agricultural development
to areas of species diversity and perpetuate the insufficiency of threa-
tened species protection (Visconti et al., 2015).

At present, the evaluation of protected area conservation effective-
ness mainly focuses on management aspects (Coad et al., 2013; Dudley
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Global conservation of species’ niches

Jeffrey O. Hanson1ಞᅒ, Jonathan R. Rhodes2, Stuart H. M. Butchart3,4, Graeme M. Buchanan5, 
Carlo Rondinini6, Gentile F. Ficetola7,8 & Richard A. Fuller1

Environmental change is rapidly accelerating, and many species will need to adapt to 
survive1. Ensuring that protected areas cover populations across a broad range of 
environmental conditions could safeguard the processes that lead to such 
adaptations1–3. However, international conservation policies have largely neglected 
these considerations when setting targets for the expansion of protected areas4. Here we 
show that—of 19,937 vertebrate species globally5–8—the representation of environmental 
conditions across their habitats in protected areas (hereafter, niche representation) is 
inadequate for 4,836 (93.1%) amphibian, 8,653 (89.5%) bird and 4,608 (90.9%) terrestrial 
mammal species. Expanding existing protected areas to cover these gaps would 
encompass 33.8% of the total land surface—exceeding the current target of 17% that has 
been adopted by governments. Priority locations for expanding the system of protected 
areas to improve niche representation occur in global biodiversity hotspots9, including 
Colombia, Papua New Guinea, South Africa and southwest China, as well as across most 
of the major land masses of the Earth. Conversely, we also show that planning for the 
expansion of protected areas without explicitly considering environmental conditions 
would marginally reduce the land area required to 30.7%, but that this would lead to 
inadequate niche representation for 7,798 (39.1%) species. As the governments of the 
world prepare to renegotiate global conservation targets, policymakers have the 
opportunity to help to maintain the adaptive potential of species by considering niche 
representation within protected areas1,2.

In response to the biodiversity crisis, 195 governments have signed the 
Convention on Biological Diversity (https://cbd.int). Signatories have 
pledged to conserve habitats that support ‘key evolutionary processes’ 
(Article 8, Annex I of the convention)—in part, by conserving at least 17% 
of the Earth’s terrestrial and inland water areas and 10% of coastal and 
marine areas (especially areas of particular importance for biodiversity), 
through ecologically representative systems of protected areas and other 
effective area-based conservation measures (Aichi Target 11, https://
www.cbd.int/sp/targets/). Because habitat heterogeneity can foster local 
adaptations to local conditions, a well-designed system of protected 
areas would conserve populations in suitable habitats that contain dif-
ferent environmental conditions (that is, a representative sample of the 
realized niche of each species) and—in turn—maximize the persistence 
of species1,2,10. However, despite progress in understanding how much 
habitat is available for species in protected areas5,6,11, very little is known 
about how well protected areas cover the diversity of environmental 
conditions that affect the adaptive potential of any given species. As 
consideration is already being given to a new framework for conserving 
biodiversity, it is imperative that conservation scientists and policymak-
ers understand how much progress has been made towards protecting 
biodiversity and how best to shape future conservation targets.

Here we assess the representation of the realized climatic niches (here-
after, niches) of species by protected areas globally. We obtained maps 
of the extent of suitable habitat (hereafter, habitat maps) for the majority 
of the world’s known bird (n = 9,670)5,6, terrestrial mammal (n = 5,070)7 

and amphibian (n = 5,197)8 species, and subdivided the habitat map 
of each species into 10 partitions on the basis of climatic conditions12 
(see Extended Data Fig. 1 for sensitivity analysis). For each species, we 
calculated a target percentage of its global geographic distribution to be 
covered by protected areas, decreasing from 100% for species with less 
than 1,000 km2 of habitat to 10% for those with more than 250,000 km2 
of habitat, and linearly interpolated on a log-linear scale between these 
thresholds11,13. We then applied the global geographic representation 
target of each species to each of its climatic partitions to assess niche 
representation. Next, we overlaid the partitioned habitat maps of all 
species with the boundaries of protected areas14 (Extended Data Fig. 2) 
and identified which species are inadequately represented because 
their target level of coverage is not met. To understand how accounting 
for species’ niches might alter conservation priorities, we generated 
two spatial prioritizations to identify areas needed to reach targets for 
the partitioned and unpartitioned habitat maps of each species. We 
used data on Key Biodiversity Areas—defined as ‘sites that contribute 
significantly to the global persistence of biodiversity’15—to explore the 
contribution that their protection would make to conserving species’ 
niches. We overlaid maps of the boundaries of Key Biodiversity Areas16 
with the protected area and partitioned habitat maps, and compared 
their performance with randomly selected localities of a similar extent.

We found that 18,097 (90.8%) species do not have their niche adequately 
represented by existing protected areas (Fig. 1). Although 5,384 (27%) spe-
cies have their overall distribution adequately represented by protected 
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The Convention on Biological Diversity highlights the importance 
of conserving habitats that promote evolutionary processes. However, 
this has not been explicitly addressed in the targets to be met by 2020. 
Effectively conserving such habitats give species a greater chance of 
long-term persistence.
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Effectively conserving such habitats give species a greater chance of 
long-term persistence.
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areas, existing protected areas only cover—on average—28.2% of species’ 
climatic partitions. Furthermore, 9,651 (48.4%) species do not have any 
of their climatic partitions adequately represented. Of these species, 
2,385 are listed as globally threatened on the Red List of the International 
Union for Conservation of Nature (IUCN)17. Although challenges remain 
in detecting local adaptations18, there are documented examples among 
imperilled species. For example, foothill populations of the globally vul-
nerable Italian agile frog (Rana latastei) appear to exhibit adaptations to 
their colder surroundings that are absent from lowland populations19 
(Extended Data Fig. 3, Supplementary Information section 1). As none 
of the climatic partitions of this species is adequately protected, further 
environmental modifications could limit its ability to adapt to changing 
conditions. In China, populations of the globally vulnerable giant panda 
(Ailuropoda melanoleuca) show spatial patterns in parts of their genome 
that underpin immune-system function20. On average, only 18.6% of the 
habitat in each of the climatic partitions of this species overlaps with 
protected areas—far less than the 88.5% target calculated for its limited 
geographic range (Extended Data Fig. 4, Supplementary Information sec-
tion 2). Similarly, populations within the breeding distribution of the great 
snipe (Gallinago media) show spatial patterns in parts of their genome 
that affect immune-system function21, and only one of its ten climatic 
partitions is adequately represented by protected areas (Extended Data 
Fig. 5, Supplementary Information section 3).

We identified priority areas for the expansion of protected areas to 
represent species’ niches (Fig. 2a). When combined with existing protected 
areas, these priority areas encompass 33.8% of the Earth’s land and inland 
water—exceeding the 17% target in Aichi Target 11. Some of the highest con-
centrations of priority areas are located in global biodiversity hotspots9. 
For example, the tropical Andes—where steep environmental gradients 
and complex topographies have driven evolutionary processes22, resulting 
in unparalleled levels of biodiversity9—stand out as critical for the expan-
sion of protected areas. The Cape floristic region (a floral diversity hotspot 
near the southernmost tip of Africa) and Madagascar are evolutionary 
powerhouses that also contain many priority areas23,24. Further east, more 
priority areas occur along the Himalayas, an evolutionary epicentre for 
bird species25, and throughout the species-rich island nations of Southeast 
Asia and the Pacific. Outside of recognized biodiversity hotspots, more 
priority areas are distributed throughout Africa, Asia, Europe and Northern 

America. Although they mostly occur in smaller concentrations, these 
areas are critical for comprehensively covering species’ niches.

Most previous prioritizations for the establishment of protected 
areas, although informative, have not accounted for the adaptive poten-
tial of species1. To understand how accounting for species’ niches might 
alter conservation priorities, we created a second prioritization using 
the unpartitioned maps to exemplify conventional approaches. When 
combined with existing protected areas, this second prioritization 
encompassed 30.7% of the Earth’s land (Extended Data Fig. 6)—further 
highlighting that the 17% target in Aichi Target 11 is insufficient for bio-
diversity representation. Despite covering only 3.2% less of the Earth’s 
land than the niche-based prioritization, this prioritization did not 
adequately represent the niches of 7,798 (39.1%) species. Many of the 
295,224 priority areas identified in the niche-based prioritization that 
are absent from this prioritization (shown in red in Fig. 2b) are located in 
extreme environments, such as the Sahara desert and the Boreal forests 
of Canada and Russia. These findings demonstrate that prioritizations 
need to explicitly account for species’ niches and further show that the 
strategic placement of protected areas can yield substantial returns13.

Establishing protected areas to cover terrestrial Key Biodiversity Areas 
would result in 3,363 (16.9%) species with adequately represented niches. 
This would raise the average percentage of adequately represented 
climatic partitions per species from 28.2% to 39.4%, and the number of 
threatened species with adequately represented niches from 200 to 
421—approximately 67% more effective than protecting random locali-
ties. The protected area coverage of Key Biodiversity Areas is currently 
used to monitor progress towards global targets (for example, Aichi 
Target 11 and Sustainable Development Goals 14 (https://sustainablede-
velopment.un.org/sdg14) and 15 (https://sustainabledevelopment.
un.org/sdg15)), and these findings further illustrate their importance26.

Our results show that Article 8 of the Convention of Biological Diversity 
has been insufficiently implemented to conserve habitats that contribute 
to the adaptive potential of species. Because international policies cur-
rently lack targets for protecting evolutionary processes in wild popula-
tions4 or explicit targets for protecting Key Biodiversity Areas that would 
help to conserve species’ niches, one strategy to address this shortfall 
would be to set explicit targets under the next framework for biodiver-
sity to be adopted through the convention. Since 2010, the targets set 
under the Strategic Plan for Biodiversity (https://www.cbd.int/sp/) have 
stimulated conservation efforts. However, many recently established 
protected areas are in places that are less important for biodiversity11,13,26. 
Therefore, targets created for the conservation of biodiversity processes 
must be both readily understood and carefully crafted to avoid negative 
outcomes (for example, by following ‘specific, measurable, ambitious, 
realistic, and time-bound’ (SMART) protocols)27,28.

As a basis for developing targets for the conservation of areas to main-
tain species’ niches, there are several important considerations. First, 
many important locations already may be effectively conserved through 
‘other effective area-based conservation measures’ (Aichi Target 11), 
such as indigenous reserves and community-managed areas outside 
formal protected areas29. We were unable to assess this because com-
prehensive global-scale data are not yet available30. Second, different 
environments are important for different species2. We recognized this 
by subdividing the distributions of species into multiple climatic parti-
tions; this step could be refined for narrower geographic and taxonomic 
scales and additional aspects of species’ niches. Third, habitats that are 
not important for representing species’ niches could be important for 
the long-term persistence of species for other reasons2, as with climate 
refugia1. Fourth, genetic factors are also important2,4. Although tech-
niques do not yet exist that can assess genetic diversity cheaply enough 
for large-scale deployment, evidence is emerging that environmental 
data can be an effective surrogate3. Because sites can be recognized 
as Key Biodiversity Areas if they support distinct genetic diversity for 
threatened or geographically restricted species15, further work is needed 
to determine whether such sites can be identified using surrogates.
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Fig. 1 | Coverage of species’ niches by existing protected areas. a–c, The 
percentage of climatic partitions adequately represented by protected areas 
for different amphibian (n = 5,197) (a), avian (n = 9,670) (b) and mammalian 
species (n = 5,070) (c). The representation of climatic partitions was assessed 
by overlaying the partitioned habitat maps of each species with maps of 
protected areas, and determining whether the total amount of habitat in 
protected areas met a target threshold for each partition.
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Identifying species that are both geographically restricted and functionally distinct, i.e. sup-

porting rare traits and functions, is of prime importance given their risk of extinction and their

potential contribution to ecosystem functioning. We use global species distributions and

functional traits for birds and mammals to identify the ecologically rare species, understand

their characteristics, and identify hotspots. We find that ecologically rare species are dis-

proportionately represented in IUCN threatened categories, insufficiently covered by pro-

tected areas, and for some of them sensitive to current and future threats. While they are

more abundant overall in countries with a low human development index, some countries

with high human development index are also hotspots of ecological rarity, suggesting

transboundary responsibility for their conservation. Altogether, these results state that more

conservation emphasis should be given to ecological rarity given future environmental con-

ditions and the need to sustain multiple ecosystem processes in the long-term.
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Central America (Fig. 4). Ecological rarity was over-represented
on islands with 39% and 30% of grid cells containing ecologically
rare mammals and birds. We also found a strong and significant
mismatch between the geographical distribution of ecological
rarity and commonness for both taxa (Fig. 4, Pearson correlation
corrected for spatial autocorrelation29: R2= 0.026, F= 1.03, P=
0.31, n= 61,618 for mammals and R2= 0.012, F= 0.05, P= 0.82,
n= 61,618 for birds). We found a strong congruence between
species richness and ecological commonness and a mismatch with
ecological rarity, which is agreement with the general finding that
most global species richness patterns result from the distributions
of the most widespread species30.

To better test the link between the number of species and the
number of ecologically rare species per cell, we simulated this link
under the null expectation that ecologically rare species are
randomly distributed among cells regardless of the number of
species within cells (see “Methods”). We expected more
ecologically rare species in species-rich areas. For both taxa, we
found that standardized effect size (SES) was higher than
expected for all cells hosting at least one ecologically rare species
(see Supplementary Figs. 4 and 5), highlighting that these cells
host more ecologically rare species than expected by chance
independently of the overall species richness within cells.
Interestingly, the number of cells with a high value of SES is
very low suggesting that a few very particular environments could
favor the emergence and maintenance of ecological rarity.

Ecological rarity under global threats. We classified species
according to their IUCN status. We found that ecologically rare

species were disproportionately packed in IUCN threatened
categories for both mammals and birds and significantly more
threatened than ecologically common species (71% and 44.2%
against 2% and 0.5%, respectively, Fig. 5, P < 0.001). As expected,
geographical restrictiveness, one of the main IUCN criteria to
estimate vulnerability, is higher for threatened species (see Sup-
plementary Figs. 6 and 7). However, we also found that threa-
tened species were functionally more distinct (see Supplementary
Figs. 6 and 7). A significant proportion of ecologically rare species
were also considered as least concerned (13% for mammals and
52% for birds) or non-evaluated (16% for mammals and 3.8% for
birds) by the IUCN.

For each ecologically rare species we evaluated exposure to
human footprint, human development (HDI) and the number of
conflicts, known to influence conservation outcomes31. We found
that geographical ranges of ecologically rare mammals and birds
were respectively 1.35 ± 1 and 1.2 ± 1 times more overlapped by
human footprint than ecologically common species (Fig. 5, P <
0.001, see Supplementary Table 3). Ecologically rare mammals
occurred in countries with a lower HDI than ecologically
common species (Fig. 5, P= 0.0032, see Supplementary Table 3).
Ecologically rare birds occurred in countries with HDI similar to
ecologically common species (Fig. 5, P= 0.72, see Supplementary
Table 3). Ecologically rare mammals and birds occurred in
countries with a number of conflicts not different from common
species (see Supplementary Fig. 8, P > 0.05, and Supplementary
Table 3). However, some countries with a high number of
conflicts (e.g. Colombia, Indonesia) host at least five ecologically
rare mammals. Several countries (e.g. Philippines) with a low
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HDI and a high number of conflicts are hotspots of ecological
rarity (19 and 15 ecologically rare mammals and birds, see
Supplementary Figs. 9 and 10). On the other hand, some
countries with high HDI and low number of conflicts are also
hotspots of ecological rarity (e.g. Australia, respectively hosted 5
ecologically rare mammal and 10 bird species).

We then quantified the influence of climate change on
ecologically rare and common species. We modeled the current
and future climatic suitability for birds and mammals at the
global scale (Fig. 5). First, using four species distribution models
(SDM), distribution of species was modeled as a function of
current climate. Then, we projected their future climatic
suitability following RCPs scenarios (see “Methods” and Thuiller
et al. 32). We selected only SDMs that reached high predictive
accuracies (TSS > 0.8). Consequently, we kept SDMs outputs for
28% (67 species) and 59% (337 species) of ecologically rare
mammal and bird species, respectively. We found winners and
losers under future climates for both ecologically rare mammals
and birds (Fig. 5). By the time horizon 2041–2060, 36% and 58%
of modeled ecologically rare mammals and birds are projected to
lose suitable areas (45% and 64% by horizon 2061-2080, see
Supplementary Fig. 11). Overall the ecologically rare birds will be
more impacted by climate change than common and average
ones (Fig. 5, P= 2.4e−03, See Supplementary Table 3), but
ecologically rare mammals will be less threatened than common
and average species (Fig. 5, P= 3.5e−04, See Supplementary
Table 3).

Finally, to evaluate the potential benefits of conservation efforts
on ecological rarity we estimated species-specific target achieve-
ment defined as the proportion of geographic ranges covered by
protected areas. These specific targets were related to species
range sizes with the most restricted species needing more
coverage (e.g., 100%) than widespread one (e.g., 10%) to avoid
extinction. We found that target conservation achievement of
ecologically rare species was lower than for common species for
both mammals and birds (Fig. 5, P < 0.001, see Supplementary
Table 3). Average target achievement for mammals and birds
were respectively 15% and 14% for ecologically rare species
compared to 31% and 36% for ecologically common species.

Discussion
We find that both mammals and birds that are ecologically rare
fill a much wider breadth of ecological strategies in the Eltonian
niche space than ecologically common species. Geographically
and locally rare species usually bear distinct traits that could put
ecosystem functioning at risk if they go extinct7,33. Our findings
extend this result as we find that the portion of the functional
space filled by ecologically rare species does not overlap much
that filled by common species, highlighting a functional com-
plementarity, instead of redundancy, between ecologically rare
and common species34 for both mammals and birds. In parti-
cular, we show that specific sets of traits were over-contributing to
ecological rarity, echoing the results of Barnagaud et al.25
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Fig. 4 Global distribution of mammal and bird species considering only unglaciated areas. a–c Distribution of total species richness, number of
ecologically rare and common mammals, and d-f distribution of total species richness, number of ecologically rare and common birds. Icons were
generated using R (rphylopic package) and are under the Public Domain Dedication 1.0 license.
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HDI and a high number of conflicts are hotspots of ecological
rarity (19 and 15 ecologically rare mammals and birds, see
Supplementary Figs. 9 and 10). On the other hand, some
countries with high HDI and low number of conflicts are also
hotspots of ecological rarity (e.g. Australia, respectively hosted 5
ecologically rare mammal and 10 bird species).

We then quantified the influence of climate change on
ecologically rare and common species. We modeled the current
and future climatic suitability for birds and mammals at the
global scale (Fig. 5). First, using four species distribution models
(SDM), distribution of species was modeled as a function of
current climate. Then, we projected their future climatic
suitability following RCPs scenarios (see “Methods” and Thuiller
et al. 32). We selected only SDMs that reached high predictive
accuracies (TSS > 0.8). Consequently, we kept SDMs outputs for
28% (67 species) and 59% (337 species) of ecologically rare
mammal and bird species, respectively. We found winners and
losers under future climates for both ecologically rare mammals
and birds (Fig. 5). By the time horizon 2041–2060, 36% and 58%
of modeled ecologically rare mammals and birds are projected to
lose suitable areas (45% and 64% by horizon 2061-2080, see
Supplementary Fig. 11). Overall the ecologically rare birds will be
more impacted by climate change than common and average
ones (Fig. 5, P= 2.4e−03, See Supplementary Table 3), but
ecologically rare mammals will be less threatened than common
and average species (Fig. 5, P= 3.5e−04, See Supplementary
Table 3).

Finally, to evaluate the potential benefits of conservation efforts
on ecological rarity we estimated species-specific target achieve-
ment defined as the proportion of geographic ranges covered by
protected areas. These specific targets were related to species
range sizes with the most restricted species needing more
coverage (e.g., 100%) than widespread one (e.g., 10%) to avoid
extinction. We found that target conservation achievement of
ecologically rare species was lower than for common species for
both mammals and birds (Fig. 5, P < 0.001, see Supplementary
Table 3). Average target achievement for mammals and birds
were respectively 15% and 14% for ecologically rare species
compared to 31% and 36% for ecologically common species.

Discussion
We find that both mammals and birds that are ecologically rare
fill a much wider breadth of ecological strategies in the Eltonian
niche space than ecologically common species. Geographically
and locally rare species usually bear distinct traits that could put
ecosystem functioning at risk if they go extinct7,33. Our findings
extend this result as we find that the portion of the functional
space filled by ecologically rare species does not overlap much
that filled by common species, highlighting a functional com-
plementarity, instead of redundancy, between ecologically rare
and common species34 for both mammals and birds. In parti-
cular, we show that specific sets of traits were over-contributing to
ecological rarity, echoing the results of Barnagaud et al.25
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Fig. 4 Global distribution of mammal and bird species considering only unglaciated areas. a–c Distribution of total species richness, number of
ecologically rare and common mammals, and d-f distribution of total species richness, number of ecologically rare and common birds. Icons were
generated using R (rphylopic package) and are under the Public Domain Dedication 1.0 license.
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Central America (Fig. 4). Ecological rarity was over-represented
on islands with 39% and 30% of grid cells containing ecologically
rare mammals and birds. We also found a strong and significant
mismatch between the geographical distribution of ecological
rarity and commonness for both taxa (Fig. 4, Pearson correlation
corrected for spatial autocorrelation29: R2= 0.026, F= 1.03, P=
0.31, n= 61,618 for mammals and R2= 0.012, F= 0.05, P= 0.82,
n= 61,618 for birds). We found a strong congruence between
species richness and ecological commonness and a mismatch with
ecological rarity, which is agreement with the general finding that
most global species richness patterns result from the distributions
of the most widespread species30.

To better test the link between the number of species and the
number of ecologically rare species per cell, we simulated this link
under the null expectation that ecologically rare species are
randomly distributed among cells regardless of the number of
species within cells (see “Methods”). We expected more
ecologically rare species in species-rich areas. For both taxa, we
found that standardized effect size (SES) was higher than
expected for all cells hosting at least one ecologically rare species
(see Supplementary Figs. 4 and 5), highlighting that these cells
host more ecologically rare species than expected by chance
independently of the overall species richness within cells.
Interestingly, the number of cells with a high value of SES is
very low suggesting that a few very particular environments could
favor the emergence and maintenance of ecological rarity.

Ecological rarity under global threats. We classified species
according to their IUCN status. We found that ecologically rare

species were disproportionately packed in IUCN threatened
categories for both mammals and birds and significantly more
threatened than ecologically common species (71% and 44.2%
against 2% and 0.5%, respectively, Fig. 5, P < 0.001). As expected,
geographical restrictiveness, one of the main IUCN criteria to
estimate vulnerability, is higher for threatened species (see Sup-
plementary Figs. 6 and 7). However, we also found that threa-
tened species were functionally more distinct (see Supplementary
Figs. 6 and 7). A significant proportion of ecologically rare species
were also considered as least concerned (13% for mammals and
52% for birds) or non-evaluated (16% for mammals and 3.8% for
birds) by the IUCN.

For each ecologically rare species we evaluated exposure to
human footprint, human development (HDI) and the number of
conflicts, known to influence conservation outcomes31. We found
that geographical ranges of ecologically rare mammals and birds
were respectively 1.35 ± 1 and 1.2 ± 1 times more overlapped by
human footprint than ecologically common species (Fig. 5, P <
0.001, see Supplementary Table 3). Ecologically rare mammals
occurred in countries with a lower HDI than ecologically
common species (Fig. 5, P= 0.0032, see Supplementary Table 3).
Ecologically rare birds occurred in countries with HDI similar to
ecologically common species (Fig. 5, P= 0.72, see Supplementary
Table 3). Ecologically rare mammals and birds occurred in
countries with a number of conflicts not different from common
species (see Supplementary Fig. 8, P > 0.05, and Supplementary
Table 3). However, some countries with a high number of
conflicts (e.g. Colombia, Indonesia) host at least five ecologically
rare mammals. Several countries (e.g. Philippines) with a low
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Abstract

Aim: ��1ollom�-rruo-1_�=ou�ruboub|b�bm]�1omv;u�-|bom�bv�|o�b7;m|b=��1om1;m|u-|bomv�
Ő_o|vro|vő�o=�0bo7b�;uvb|�ĺ�"�1_�_o|vro|v�_-�;�|u-7b|bom-ѴѴ��0;;m�7;vb]m-|;7�om�|_;�
0-vbv�o=�vr;1b;vŊѴ;�;Ѵ�l;|ub1v�Ő;ĺ]ĺķ�vr;1b;v�ub1_m;vvķ�;m7;lbvl�-m7�;�|bm1|bom���Ѵm;uŊ
-0bѴb|�őĺ�$_;v;�-rruo-1_;v�7o�mo|�1omvb7;u�r_�Ѵo];m;|b1v�;�rѴb1b|Ѵ�ķ�-Ѵ|_o�]_�r_�ѴoŊ
];m;|b1� u;Ѵ-|bomv_brv� u;=Ѵ;1|� |_;� ;1oѴo]b1-Ѵķ� ;�oѴ�|bom-u�� -m7� 0bo];o]u-r_b1-Ѵ�
ruo1;vv;v�0���_b1_�0bo7b�;uvb|��bv�];m;u-|;7ķ�7bv|ub0�|;7�-m7�l-bm|-bm;7ĺ�$_;�-bl�o=�
|_bv�v|�7���-v�|o�b7;m|b=��_o|vro|v�o=�r_�Ѵo];m;|b1�7b�;uvb|��-m7�1olr-u;�|_;v;��b|_�
_o|vro|v� 0-v;7� om� vr;1b;vŊѴ;�;Ѵ� l;|ub1v� -m7� �b|_� |_;� ;�bv|bm]� ruo|;1|;7� -u;-v�
m;|�ouhĺ
Location: Global.
Time period: �om|;lrou-u�ĺ
Major taxa studied: $;uu;v|ub-Ѵ� �;u|;0u-|;v� Ől-ll-Ѵvķ� 0bu7v� -m7� -lr_b0b-mvő� -m7�
-m]bovr;ulvĺ
Methods: );��v;7�1olru;_;mvb�;�r_�Ѵo];mb;v�-m7�7bv|ub0�|bom�l-rv�o=�|;uu;v|ub-Ѵ�
0bu7vķ�l-ll-Ѵvķ�-lr_b0b-mv�-m7�-m]bovr;ulv�|o�b7;m|b=��-u;-v��b|_�_b]_�1om1;m|u-Ŋ
|bomv�o=�r_�Ѵo];m;|b1�7b�;uvb|�ķ�r_�Ѵo];m;|b1�;m7;lbvlķ�-m7�;�oѴ�|bom-u��7bv|bm1|b�;Ŋ
m;vv�-m7�]Ѵo0-Ѵ�;m7-m];ul;m|ĺ�);�1olr-u;7�|_;�Ѵo1-|bomv�o=�|_;v;�-u;-v��b|_�|_ov;�
bm1Ѵ�7;7��b|_bm�|_;�1�uu;m|�m;|�ouh�o=�ruo|;1|;7�-u;-v�-m7�1om1;m|u-|bomv�o=�vr;Ŋ
1b;vŊѴ;�;Ѵ�bm7b1;vĹ�vr;1b;v�ub1_m;vvķ�vr;1b;v�;m7;lbvl�-m7�vr;1b;v�|_u;-|ĺ
Results: );�=o�m7�vr-|b-Ѵ�bm1om]u�;m1;�-lom]�|_;�|_u;;�;�oѴ�|bom-u��7b�;uvb|��l;|Ŋ
ub1v� bm�;-1_� |-�omolb1�]uo�rĺ�"r-|b-Ѵ�r-||;umv�o=�7b�;uvb|��-m7�;m7;lbvl�-Ѵvo�7b=Ŋ
=;u;7� -lom]� |-�omolb1� ]uo�rvķ� �b|_� vol;� 7b==;u;m1;v� 0;|�;;m� �;u|;0u-|;v� -m7�
-m]bovr;ulvĺ� �olrѴ;l;m|-ub|�� -m-Ѵ�v;v� o=� r_�Ѵo];m;|b1� 7b�;uvb|�� b7;m|b=b;7� |_;�
lbmbl-Ѵ�-u;-�|_-|�;m1-rv�Ѵ-|;v�|_;�=�ѴѴ�0u-m1_�Ѵ;m]|_v�=ou�;-1_�|-�omolb1�]uo�rĺ�$_;�
1�uu;m|�m;|�ouh�o=�ruo|;1|;7�-u;-v�-m7�vr;1b;vŊѴ;�;Ѵ�_o|vro|v�Ѵ-u];Ѵ��7o;v�mo|�o�;uŊ
Ѵ-r��b|_�-u;-v�o=�_b]_�r_�Ѵo7b�;uvb|�ĺ
Main conclusion: ��;u-ѴѴķ� ƺ�ƐƏѷ� o=� _o|vro|� -u;-v� �;u;� 7;vb]m-|;7� -v� ruo|;1|;7�
-u;-vĺ� �-||;umv� o=� 7b�;uvb|�ķ� ;m7;lbvl� -m7� ��Ѵm;u-0bѴb|�� 7b==;u� -lom]� |-�omolb1�
]uo�rvĺ

K E Y W O R D S

-lr_b0b-mvķ�-m]bovr;ulvķ�0bo7b�;uvb|��_o|vro|vķ�0bu7vķ�1olrѴ;l;m|-ub|�ķ�]Ѵo0-Ѵ�1omv;u�-|bomķ�
mammals

Moins des 10% des hot spots de diversité évolutive font l’objet de protection 
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Des défis à relever : intégrer le changement 
climatique

“montane grasslands and shrublands”, “temperate broadleaf and
mixed forests”, “temperate conifer forests”, “tropical and
subtropical coniferous forests” and “tropical and subtropical
grasslands, savannas, and shrublands”. The indices may under-
estimate the ecological change in “deserts and xeric shrublands”
and “Mediterranean forests, woodlands, and scrub”. The number
and size of PAs (Fig. 1) differ substantially between biomes.

Relationships between novel climate conditions and PA char-
acteristics. We found negative significant (p < 0.05 using a
modified t-test accounting for spatial autocorrelation19) correla-
tions when pooling PAs worldwide (Fig. 6, “overall”): between
area (RCP 4.5: r=−0.15; RCP 8.5: r=−0.13), between elevation
(RCP 4.5: r=−0.19; RCP 8.5: r=−0.1), and between irrepla-
ceability and the local-scale novel climate index (RCP 4.5: r=
−0.13, RCP 8.5: r=−0.13). Even though the global correlations
between the local-scale novel climate index and topographic
heterogeneity as well as the human footprint show equally high r-
values for both scenarios, the modified t-test revealed no sig-
nificance due to spatial autocorrelation. Inside individual biomes,
the local-scale novel climate index mainly negatively correlates
with topographic heterogeneity and positively correlates with the
human footprint index.

Discussion
We found that PAs of temperate and northern high-latitude
biomes are predicted to obtain large area proportions of novel
climate conditions at the local, regional, and global scale. Large
area proportions of novel climate conditions at the regional and
global scale could also appear in PAs of flooded grasslands and
savannas. PAs that are potentially affected by high proportions of
locally novel climate conditions tend to contain low topographic
heterogeneity and a large human footprint, suggesting increased
vulnerability. However, irreplaceability tends to decrease with an
increase in the area proportion of locally novel climate

conditions. Hence, PAs that are very important for the con-
servation of Red List species seem to be less affected by local-scale
novel climate conditions.

Novel and disappearing climate conditions indicate novel and
disappearing habitat conditions. When PAs gain novel habitats,
potentially invasive species might migrate into PAs20. When PAs
lose habitats, species are likely to migrate out of PAs into
unprotected surroundings5–7. In both cases, the communities
inside PAs are modified with unknown consequences for eco-
system functioning. Since ecosystem functioning depends on
biodiversity21, the integrity of ecosystems inside PAs is at risk
when species diversity decreases through invading and migrating
species. Consequently, novel and disappearing climate metrics are
basic indicators of such risks.

Our findings can be compared to Loarie et al.22, who
demonstrated that large PAs in the desert biome will widely retain
their current temperature conditions, while small PAs in the
Mediterranean biome and in temperate coniferous forests will
largely lose their current temperature conditions. Several studies
agree that the magnitude of anthropogenic climate change, i.e. the
degree of dissimilarity between current and future climate, is
predicted to be highest in the tropics, subtropics, and a few
northern high-latitude regions14,22–30. The (sub-) tropical
biomes and northern high-latitude regions could primarily
obtain novel, non-analog climates (i.e. future climates without
modern analog)14,24,25,28–30. The velocity of climate change may
be lowest in mountainous regions and highest in continental
plains22,25,29. Li et al.26 illustrated that climate change vulner-
ability is expected to be highest in plains such as deserts and xeric
shrublands, whereas intact boreal and tropical forests, as well as
polar regions can be capable of mitigating future climate impacts.
These authors revealed that low environmental heterogeneity and
small temperature gradients imply high biotic attrition in con-
tinental basins under climate change. In addition, areas of high
northern latitudes are predicted to become climate-vulnerable in
the future. However, a direct comparison of the approach taken
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Fig. 4 Regional- and global-scale novel climate index of terrestrial protected areas worldwide. The regional-scale novel climate index shows the proportion
of raster cells inside a PA that hold climate classes in the future which are currently not present in the entire PA network of the respective biome. The
global-scale novel climate index indicates the proportion of raster cells inside a PA that hold climate classes in the future which are currently not present in
the global PA network. The mean of the novel climate indices comprise future climate data from ten GCMs under RCP 4.5 and 8.5. aMean of the regional,
biome-specific novel climate index under RCP 4.5. b Mean of the regional, biome-specific novel climate index under RCP 8.5. c Mean of the global-scale
novel climate index under RCP 4.5. d Mean of the global-scale novel climate index under RCP 8.5. For each metric in a–d the mean across all 137,432 PA
values are also given inside the global maps. Data on climate change metrics and other characteristics per PA are given as Supplementary Data 1. The maps
were created using open-source software R52
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Des conditions climatiques nouvelles aux échelles locales, régionales et globales 
d’ici la fin du siècle pour les aires protégées des biomes tempérés et de haute 
latitude nord  : 

des perturbations significatives de leur fonctionnement écologique
(migrations d’espèces hors des aires protégées, entrée d’espèces exotiques 
envahissantes).
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The complexity of climate change impacts on ecological processes necessitates flexible

and adaptive conservation strategies that cross traditional disciplines. Current strategies

involving protected areas are predominantly fixed in space, and may on their own

be inadequate under climate change. Here, we propose a novel approach to climate

adaptation that combines permanent protected areas with temporary conservation areas

to create flexible networks. Previous work has tended to consider permanent and

dynamic protection as separate actions, but their integration could draw on the strengths

of both approaches to improve biodiversity conservation and help manage for ecological

uncertainty in the coming decades. As there are often time lags in the establishment

of new permanent protected areas, the inclusion of dynamic conservation areas within

permanent networks could provide critical transient protection to mitigate land-use

changes and biodiversity redistributions. This integrated approach may be particularly

useful in highly human-modified and fragmented landscapes where areas of conservation

value are limited and long-term place-based protection is unfeasible. To determine when

such an approach may be feasible, we propose the use of a decision framework. Under

certain scenarios, these coupled networks have the potential to increase spatio-temporal

network connectivity and help maintain biodiversity and ecological processes under

climate change. Implementing these networks would require multidisciplinary scientific

evidence, new policies, creative funding solutions, and broader acceptance of a dynamic

approach to biodiversity conservation.
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Abstract: Establishing protected areas, where human activities and land cover changes are restricted, is
among the most widely used strategies for biodiversity conservation. This practice is based on the assumption
that protected areas buffer species from processes that drive extinction. However, protected areas can maintain
biodiversity in the face of climate change and subsequent shifts in distributions have been questioned. We
evaluated the degree to which protected areas influenced colonization and extinction patterns of 97 avian
species over 20 years in the northeastern United States. We fitted single-visit dynamic occupancy models to
data from Breeding Bird Atlases to quantify the magnitude of the effect of drivers of local colonization and
extinction (e.g., climate, land cover, and amount of protected area) in heterogeneous landscapes that varied
in the amount of area under protection. Colonization and extinction probabilities improved as the amount of
protected area increased, but these effects were conditional on landscape context and species characteristics.
In this forest-dominated region, benefits of additional land protection were greatest when both forest cover
in a grid square and amount of protected area in neighboring grid squares were low. Effects did not vary
with species’ migratory habit or conservation status. Increasing the amounts of land protection benefitted
the range margins species but not the core range species. The greatest improvements in colonization and
extinction rates accrued for forest birds relative to open-habitat or generalist species. Overall, protected areas
stemmed extinction more than they promoted colonization. Our results indicate that land protection remains
a viable conservation strategy despite changing habitat and climate, as protected areas both reduce the risk
of local extinction and facilitate movement into new areas. Our findings suggest conservation in the face of
climate change favors creation of new protected areas over enlarging existing ones as the optimal strategy to
reduce extinction and provide stepping stones for the greatest number of species.
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cobertura de suelo están restringidos, es una de las estrategias más utilizadas para la conservación de
la biodiversidad. Esta práctica está basada en la suposición de que las áreas protegidas guarecen a las
especies de los procesos que ocasionan la extinción. Sin embargo, se ha cuestionado si las áreas protegidas
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- Les aires protégées réduisent le risque d'extinction locale et 
facilitent les déplacements vers de nouvelles zones.

- Favoriser la création de nouvelles aires protégées plutôt que 
l'élargissement des aires existantes, pour réduire les extinctions 
et fournir des zones relais pour le plus grand nombre d'espèces.

Des défis à relever : intégrer le changement 
climatique
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Abstract

Climate change is driving species to shift their distributions toward high altitudes

and latitudes, while habitat loss and fragmentation may hamper species ability to

follow their climatic envelope. These two drivers of change may act in synergy, with

particularly disastrous impacts on biodiversity. Protected areas, PAs, may thus repre-

sent crucial buffers against the compounded effects of climate change and habitat

loss. However, large‐scale studies assessing the performance of PAs as such buffers

remain scarce and are largely based on species occurrence data. Conversely, abun-

dance data have proven to be more reliable for addressing changes in wildlife popu-

lations under climate change. We evaluated changes in bird abundance from the

1970s–80s to the 2000s inside and outside PAs at the trailing range edge of 30

northern bird species and at the leading range edge of 70 southern species. Abun-

dances of retracting northern species were higher and declined less inside PAs at

their trailing range edge. The positive effect of PAs on bird abundances was particu-

larly marked in northern species that rely strongly on PAs, that is, their density dis-

tribution is largely confined within PAs. These species were nearly absent outside

PAs in the 2000s. The abundances of southern species were in general lower inside

PAs and increased less from the 70s–80s to 2000s. Nonetheless, species with high

reliance on PAs had much higher abundances inside than outside PAs in the 2000s.

These results show that PAs are essential in mitigating the retraction of northern

species, but also facilitate northward expansions of southern species highly reliant

on PAs. Our study provides empirical evidence documenting the role of PAs in facil-

itating species to adjust to rapidly changing climatic conditions, thereby contributing

to the mitigation of impending biodiversity loss. PAs may thus allow time for initiat-

ing wider conservation programs on currently unprotected land.
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conservation biology, distribution area, global warming, habitat management, land use changes,

monitoring
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Les aires protégées sont essentielles pour : 

- limiter la diminution des aires de distribution 
des espèces du nord, 

- faciliter l'expansion vers le nord des espèces du 
sud tributaires des aires protégées, 

- aider les espèces à s'adapter aux conditions 
climatiques en évolution rapide et contribuer à 
l'atténuation des pertes de biodiversité, 

- Laisser le temps de lancer des programmes de 
conservation plus larges sur des terres 
actuellement non protégées.
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Des défis à relever : assurer la connectivité entre les 
aires protégées
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Si 40% de la surface terrestre est 
intacte, seul 9,7% du réseau des 
aires protégées terrestres est 
structurellement connecté.

En moyenne 11% des aires protégées 
de chaque pays ou territoire est 
connecté.
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Well-managed and enforced no-take marine reserves generate im-
portant larval subsidies to neighboring habitats and thereby con-
tribute to the long-term sustainability of fisheries. However, larval
dispersal patterns are variable, which leads to temporal fluctua-
tions in the contribution of a single reserve to the replenishment
of local populations. Identifying management strategies that mit-
igate the uncertainty in larval supply will help ensure the stability
of recruitment dynamics and minimize the volatility in fishery
catches. Here, we use genetic parentage analysis to show extreme
variability in both the dispersal patterns and recruitment contribu-
tion of four individual marine reserves across six discrete recruit-
ment cohorts for coral grouper (Plectropomus maculatus) on the
Great Barrier Reef. Together, however, the asynchronous contri-
butions from multiple reserves create temporal stability in recruit-
ment via a connectivity portfolio effect. This dampening effect
reduces the variability in larval supply from individual reserves
by a factor of 1.8, which effectively halves the uncertainty in the
recruitment contribution of individual reserves. Thus, not only
does the network of four marine reserves generate valuable larval
subsidies to neighboring habitats, the aggregate effect of individ-
ual reserves mitigates temporal fluctuations in dispersal patterns
and the replenishment of local populations. Our results indicate
that small networks of marine reserves yield previously unrecog-
nized stabilizing benefits that ensure a consistent larval supply to
replenish exploited fish stocks.

marine reserve | larval dispersal | connectivity | portfolio effects | marine
spatial planning

Marine reserves are a comprehensive tool to mitigate the
overexploitation of marine resources and to enhance the

recovery of marine ecosystems following disturbances (1–3).
They are being implemented globally to preserve biodiversity (4,
5), improve livelihoods in coastal communities (6), and indi-
rectly benefit local fisheries by protecting spawning stocks and
replenishing exploited populations beyond reserve boundaries
(7). In principle, the greater biomass of exploited species in re-
serves (8, 9), combined with greater per-capita reproductive
outputs (10, 11), generates positive ecological and socioeco-
nomic value to fisheries by contributing to the replenishment of
local populations and enhancing population persistence via the
supply of larval offspring (12–15). However, larval contributions
from individual reserves are likely to be highly variable (16, 17),
both because local population abundances vary and because
complex oceanographic processes and larval behaviors produce
spatial and temporal variability in connectivity patterns (16–19).
Such volatility in larval supply can lead to temporal fluctuations
in recruitment (20, 21) and uncertainty concerning the value of
marine reserves to either biodiversity conservation or fisheries
management (20, 22–24). Clearly, the long-term ecological and
economic benefits of no-take marine reserves depend on signif-
icant and consistent larval supply among reserves, and from re-
serves to neighboring habitats (7, 22–24). This has yet to be
established.

Decades of ecological theory on risk spreading in spatially
structured populations shows how variability in the contribution
of separate subpopulations can deliver net benefits for meta-
population growth and persistence (25–28). In general, more
subpopulations and greater population connectivity reduce the
probability of local extinctions via a “rescue effect” and dampen
local fluctuations in population replenishment (29–32) and fishery
catches (33, 34). If correct, effective networks of no-take marine
reserves could mitigate against the volatility of larval supply pro-
vided the network can dampen the spatially and temporally vari-
able contributions of individual reserves (20, 21). In the context of
optimal reserve design, variability in the aggregate performance of
a reserve network hinges on covariation among its individual
components (34, 35) so that overall stability in larval supply can
theoretically be achieved despite volatility in the performance of
individual reserves.
Such variance dampening has more recently been referred

to as a “portfolio effect,” and negative spatial covariation in
population sizes (a “subpopulation portfolio effect”) has been
observed in a diversity of biological systems, including the pop-
ulation dynamics of fishes (36–38). Modern portfolio theory
emerged from financial economics and is increasingly applied in
resource management settings to optimize the design of reserve
networks and mitigate against disturbance events (39–42). In
marine ecology, individual populations can be thought of as
different financial stocks and their larval supply are the returns
they generate. Creating a marine reserve will reliably increase
the abundance in a protected population and generate larger
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Networks of no-take marine reserves support local fisheries by
ensuring a consistent supply of juvenile fish. We measured
larval dispersal patterns for a highly exploited coral grouper
and quantified temporal fluctuations in the recruitment con-
tribution from a network of no-take marine reserves on the
Great Barrier Reef. Although recruitment contributions from
individual reserves are extremely variable, the reserve network
generates a connectivity portfolio effect that successfully damp-
ens the volatility of larval supply to nearby coral reefs. Our
findings demonstrate that effective reserve networks can yield
previously unrecognized stabilizing benefits that ensure a con-
sistent replenishment of exploited fish stocks.
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portant larval subsidies to neighboring habitats and thereby con-
tribute to the long-term sustainability of fisheries. However, larval
dispersal patterns are variable, which leads to temporal fluctua-
tions in the contribution of a single reserve to the replenishment
of local populations. Identifying management strategies that mit-
igate the uncertainty in larval supply will help ensure the stability
of recruitment dynamics and minimize the volatility in fishery
catches. Here, we use genetic parentage analysis to show extreme
variability in both the dispersal patterns and recruitment contribu-
tion of four individual marine reserves across six discrete recruit-
ment cohorts for coral grouper (Plectropomus maculatus) on the
Great Barrier Reef. Together, however, the asynchronous contri-
butions from multiple reserves create temporal stability in recruit-
ment via a connectivity portfolio effect. This dampening effect
reduces the variability in larval supply from individual reserves
by a factor of 1.8, which effectively halves the uncertainty in the
recruitment contribution of individual reserves. Thus, not only
does the network of four marine reserves generate valuable larval
subsidies to neighboring habitats, the aggregate effect of individ-
ual reserves mitigates temporal fluctuations in dispersal patterns
and the replenishment of local populations. Our results indicate
that small networks of marine reserves yield previously unrecog-
nized stabilizing benefits that ensure a consistent larval supply to
replenish exploited fish stocks.
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Marine reserves are a comprehensive tool to mitigate the
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recovery of marine ecosystems following disturbances (1–3).
They are being implemented globally to preserve biodiversity (4,
5), improve livelihoods in coastal communities (6), and indi-
rectly benefit local fisheries by protecting spawning stocks and
replenishing exploited populations beyond reserve boundaries
(7). In principle, the greater biomass of exploited species in re-
serves (8, 9), combined with greater per-capita reproductive
outputs (10, 11), generates positive ecological and socioeco-
nomic value to fisheries by contributing to the replenishment of
local populations and enhancing population persistence via the
supply of larval offspring (12–15). However, larval contributions
from individual reserves are likely to be highly variable (16, 17),
both because local population abundances vary and because
complex oceanographic processes and larval behaviors produce
spatial and temporal variability in connectivity patterns (16–19).
Such volatility in larval supply can lead to temporal fluctuations
in recruitment (20, 21) and uncertainty concerning the value of
marine reserves to either biodiversity conservation or fisheries
management (20, 22–24). Clearly, the long-term ecological and
economic benefits of no-take marine reserves depend on signif-
icant and consistent larval supply among reserves, and from re-
serves to neighboring habitats (7, 22–24). This has yet to be
established.

Decades of ecological theory on risk spreading in spatially
structured populations shows how variability in the contribution
of separate subpopulations can deliver net benefits for meta-
population growth and persistence (25–28). In general, more
subpopulations and greater population connectivity reduce the
probability of local extinctions via a “rescue effect” and dampen
local fluctuations in population replenishment (29–32) and fishery
catches (33, 34). If correct, effective networks of no-take marine
reserves could mitigate against the volatility of larval supply pro-
vided the network can dampen the spatially and temporally vari-
able contributions of individual reserves (20, 21). In the context of
optimal reserve design, variability in the aggregate performance of
a reserve network hinges on covariation among its individual
components (34, 35) so that overall stability in larval supply can
theoretically be achieved despite volatility in the performance of
individual reserves.
Such variance dampening has more recently been referred

to as a “portfolio effect,” and negative spatial covariation in
population sizes (a “subpopulation portfolio effect”) has been
observed in a diversity of biological systems, including the pop-
ulation dynamics of fishes (36–38). Modern portfolio theory
emerged from financial economics and is increasingly applied in
resource management settings to optimize the design of reserve
networks and mitigate against disturbance events (39–42). In
marine ecology, individual populations can be thought of as
different financial stocks and their larval supply are the returns
they generate. Creating a marine reserve will reliably increase
the abundance in a protected population and generate larger
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Just ten percent of the global terrestrial protected
area network is structurally connected via intact
land
Michelle Ward 1,2✉, Santiago Saura3,4, Brooke Williams 1,2, Juan Pablo Ramírez-Delgado 5,
Nur Arafeh-Dalmau 1,2, James R. Allan2,6, Oscar Venter5, Grégoire Dubois 3 & James E. M. Watson 1,2,7

Land free of direct anthropogenic disturbance is considered essential for achieving biodi-

versity conservation outcomes but is rapidly eroding. In response, many nations are

increasing their protected area (PA) estates, but little consideration is given to the context of

the surrounding landscape. This is despite the fact that structural connectivity between PAs is

critical in a changing climate and mandated by international conservation targets. Using a

high-resolution assessment of human pressure, we show that while ~40% of the terrestrial

planet is intact, only 9.7% of Earth’s terrestrial protected network can be considered struc-

turally connected. On average, 11% of each country or territory’s PA estate can be considered

connected. As the global community commits to bolder action on abating biodiversity loss,

placement of future PAs will be critical, as will an increased focus on landscape-scale habitat

retention and restoration efforts to ensure those important areas set aside for conservation

outcomes will remain (or become) connected.
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Des défis à relever : Les aires protégées à l’ère des 
zoonoses

• Les aires protégées limitent les pénétrations humaines dans les habitats de la faune 
sauvage et les prélèvements de cette faune ;

• elles évitent la destruction de ces habitats en limitant le changement d’usage des 
terres (agriculture, exploitation minière et développement des infrastructures). 

Les aires protégées sont  donc une des solutions à privilégier 
pour réduire les contacts entre humains et faune sauvage 
et donc les risques de zoonoses puis d’épidémie. 

• Le maintien, dans les aires protégées, de communautés biologiques 
fonctionnelles ayant une diversité spécifique élevée permettrait d’éviter 
l’émergence de pathogènes majeurs susceptibles d’être à l’origine de zoonoses.

• Les aires protégées, si les activités touristiques et récréatives, sources de contact 
entre Hommes et faune sauvage, sont gérées avec parcimonie, limitent aussi le 
transfert d’agents pathogènes de l’Homme aux animaux sauvages (primates par 
exemple)

https://www.fondationbiodiversite.fr/wp-
content/uploads/2020/05/Mobilisation-FRB-Covid-19-15-05-2020-1.pdf
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confidence in our results for PA proximity on health and wealth out-
comes.However, they also demonstrate the value of integrating environ-
mental and socioeconomic data: Elevation and tree cover (negative) and
human population density and rainfall (positive) had similar effects on
health and wealth outcomes as several of the socioeconomic variables
(Fig. 3 and fig. S2).

We used our statistical models to simulate predictions for how
proximity to PAs of different types affects the health and wealth of
people (Fig. 4). We find that all else equal, a hypothetical move of
rural households to within 10 km of PAs with documented tourist
visits would result in significantly higher wealth scores (by 16.7% on
average) and a lower likelihood of poverty (by 16.1%) compared to
similar rural households living further than 10 km from a PA. These
impacts rise to 20.1 and 25.7% for wealth and poverty likelihood, re-
spectively, for a scenario where households shift to living close to
multiple-use PAs (IUCN categories V and VI), rather than those under
stricter protection (IUCN categories I to IV), where tourism has been
documented. Similarly, a hypothetical shift to living near multiple-use
PAs where tourism has been documented would, all else equal, increase
children’s height-for-age growth scores by 9.8% and reduce the likeli-
hood of stunting by 13.4%, compared to similar children living further
than 10 km from a PA. The likelihood of poverty would also be 8.8%
lower for households that shift to live near multiple-use PAs, even with
no documented tourism at these PAs. In contrast, no early childhood
growth gains were observed for scenarios where children hypothetically
move close to PAs where no tourism has been documented, nor would
wealth scores be higher in households moving adjacent to PAs without

such tourism. There was also no evidence for any negative impacts of
PAs on human well-being in any of our scenarios.

Context for these PA impacts can be generated by using our models
to simulate well-being impacts for variables whose human development
effects aremore commonly studied (Fig. 4). For example, a hypothetical
switch from a rural to an urban household, holding everything else con-
stant, results in a 14.7% increase in height-for-age growth scores and a
20.1% reduction in stunting likelihood, while ceasing breastfeeding for
children would result, all else equal, in a 15.3% greater chance of being
stunted and a 15.7% reduction in height-for-age growth scores. For
wealth, a simulated increase in the number of years of education (from
amedianof 4 to 7) results in householdwealth scores that are 34%higher
and a likelihood of being poor that is 34% lower. These examples
underscore the fact that the PA impacts we describe are not only sta-
tistically significant but also of comparable magnitude to changes in
socioeconomic conditions that are typically associated with improved
well-being or reduced poverty in the developing world (30). The excep-
tion to this comparability was the impact onwealth for a rural-to-urban
switch of households [a dominant driver of improvements in multi-
dimensional poverty (30)], which results in a greater than doubling of
household wealth scores and an 84% reduction in the likelihood of
being poor (Fig. 4).

DISCUSSION
Our results demonstrate that for a truly widespread dataset, going far
beyond the spatial scope of previous studies, there is empirical evidence

Protected
area (PA) More tourism

Better 
health

More incomeImproved
ecosystem
condition

Directly or 
indirectly provides 
opportunities for 

tourism

Leads to the active 
conservation and/or 

restoration of 
ecosystems within a 

PA

Provides 
jobs/income 
directly or 
indirectly 

through informal 
markets, 
increased 

infrastructure

Increases wild plant and 
animal populations in and 

near the PA, which are 
collected and sold at local 

market

Increases wild plant and animal populations in or near 
the PA (consumption as food or medicine improves 

health) and/or improves air and/or water quality near 
the PA, resulting in reduced disease and better health

Used to invest in household 
or livelihood assets

Used to buy food or 
medicines

Improvements in local infrastructure, including 
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Fig. 2. Conceptualizing PA impacts. Possible mechanisms of PA impacts on the health and wealth of nearby people. Individual pathways can be combined to
conceptualize an impact mechanism; e.g., pathway ADG suggests how PAs can lead to better health outcomes via income gains from PA-related tourism employment
that are then spent on improving children’s health.
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Evaluating the impacts of protected areas on human
well-being across the developing world
R. Naidoo1,2*, D. Gerkey3, D. Hole4, A. Pfaff5, A. M. Ellis6, C. D. Golden7, D. Herrera8, K. Johnson9†,
M. Mulligan10, T. H. Ricketts11, B. Fisher11

Protected areas (PAs) are fundamental for biodiversity conservation, yet their impacts on nearby residents are
contested. We synthesized environmental and socioeconomic conditions of >87,000 children in >60,000 households
situated either near or far from >600 PAs within 34 developing countries. We used quasi-experimental hierarchical
regression to isolate the impact of living near a PA on several aspects of humanwell-being. Households near PAs with
tourism also had higher wealth levels (by 17%) and a lower likelihood of poverty (by 16%) than similar households
living far fromPAs. Children under 5 years old living nearmultiple-use PAswith tourism also hadhigher height-for-age
scores (by 10%) andwere less likely to be stunted (by 13%) than similar children living far fromPAs. For the largest and
most comprehensive socioeconomic-environmental dataset yet assembled, we found no evidence of negative PA im-
pacts and consistent statistical evidence to suggest PAs can positively affect human well-being.

INTRODUCTION
The world has committed, through the Aichi Biodiversity Targets and
the Sustainable Development Goals (SDG), to halt biodiversity loss and
increase protected area (PA) coverage (Aichi Target 11 and SDG 15)
and to reduce multidimensional poverty by half by 2030 (SDG 1.2)
(1, 2). It is crucial to determine whether these goals are synergistic or
antagonistic. Recent calls to evaluate interactions between SDGs have
highlighted that achieving one goal in isolation may actually have neg-
ative consequences for sustainable development foci of other goals (3).
Therefore, is the expansion of the world’s PA network—a cornerstone
of biodiversity conservation strategies (4–6)—likely to enhance the
prospects of achieving global goals around poverty alleviation and
human health or to hamper them?

Whether conservation activities benefit or harm people living near
PAs has been debated extensively (7, 8). The empirical foundation for
the debate has been shaped by research using different methodologies
across varying temporal and spatial scales (9–13), making it difficult to
derive general insights. A recent meta-analysis of 1043 studies con-
cluded that empirical evidence for impacts of PAs on humanwell-being
remains thin: Only 8% of studies examining impacts on material living
standards and 1% of studies analyzing impacts on health used rigorous,
quantitative methods and data (14, 15). In addition, a separate system-
atic review found that the few studies that used comparable, quantitative
approaches produced amix of positive and negative outcomes thatwere
highly dependent on context and methodology, making it virtually im-
possible to detect any global patterns in PA impacts on human well-
being (16). To detect these patterns, we need data on PAs, environmental
conditions, and indicators of well-being that are sufficiently fine-grained

to reflect complex dynamics at local scales but that are consistent and
comprehensive enough to enable analyses at global scales. We also
require an analytical approach that can disentangle the many, complex
factors that shape multidimensional human well-being, allowing the
independent impacts of PAs to be revealed.

To address these challenges, we developed a georeferenced database
comprising information on ~300,000 children and ~190,000 households
across 34 countries in the developing world (Fig. 1) (17). We merged
household Demographic andHealth Surveys (DHS; table S1) onma-
ternal and reproductive health, childhood growth, and household
assets with spatial data layers characterizing the biophysical environment
and the world’s PAs (18). While human well-being includes multiple
dimensions that can be measured in many ways (19), our database
allowedus to select proxies for two important aspects ofwell-being: health
and material living standards (15). For both, we examined average PA
impacts and whether there was evidence of “pro-poor” impacts [i.e., dif-
ferential impacts of PAs on the least well-off people (20)]. Our outcome
variables for health were early childhood (age 6 to 60 months) height-
for-age growth scores relative to internationally consistentWorld Health
Organization (WHO) standards and whether a child is stunted (stunting
affects more than 160 million children, often limiting physical and cog-
nitive growth for life, and is defined as whether a height-for-age score is
more than two SDs lower than WHO benchmarks) (21). For material
living standards, the outcome variableswere an internationally standard-
ized household wealth score (derived from the presence or absence in
households of a variety of durable goods and assets related to living
standards) and whether a household is poor (defined as a household
wealth score of less than 1000 international dollars) (22). Rather than
construct a multidimensional index of well-being or poverty (23), we
analyzed each of these outcome variables separately to allow for possible
differential PA impacts on each metric and to avoid any perception that
our well-being indicators are comprehensive enough to warrant their
own multidimensional index.

To analyze the impact of proximity to a PA on these dimensions of
well-being, we identified all households within the database that were
located within 10 km of a PA of International Union for Conservation
of Nature (IUCN) classes I to VI (24). This distance conforms with pre-
vious thresholds at which PAs are thought to exert ecological and socio-
economic impacts (10), although we tested the sensitivity of our results
to this threshold (see Materials and Methods). Since PAs are not
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situated randomly in landscapes but rather tend to occur in more
isolated, less productive areas (25), people living near PAsmay also sys-
tematically differ in socioeconomic attributes that may confound any
assessment of well-being (26). We therefore used a conceptual model
(Fig. 2) along with quasi-experimental matching techniques (27, 28)
to create a “control” group located further than 10 km from PAs that
were, on average and in relevant ways, similar to people living close to
PAs. We aggregated all children and households living near and far
from PAs across all countries and then used Bayesian regression
modeling techniques (29) to estimate the impact of PA proximity on
our four outcome variables while accounting for the hierarchical, non-
independent nature of our data (see Materials and Methods). We also
assessed whether PAs with different characteristics—age, size, IUCN
categorization, and the documented presence of tourism—exerted dif-
ferential impacts on the health and wealth of nearby households (table
S2) and examined how sensitive our results were to possible hidden bias
due to unobserved confounding variables, using Rosenbaum bounds
(table S3).

RESULTS
Aftermatching (fig. S1 and tables S2 and S4), the best impact estimation
regression models showed strong effects, in the expected direction, of
factors typically associated with human well-being gains. A mother’s
education level was the strongest predictor of height-for-age scores
and likelihood of stunting, while living in an urban (versus rural) area
was the strongest predictor of increasedwealth and decreased likelihood
of being poor (Fig. 3 and fig. S2). We also observed strong effects for
breastfeeding (children not breastfed had lower height-for-age scores
and a higher likelihood of being stunted) and for distance to the nearest
road (households closer to roads had higher household wealth and a
lower likelihood of being poor). For all well-being outcomes, there were
also strong effects of survey year; height-for-age and household wealth
scores increased, and the likelihood of being stunted or poor decreased,
over the 15 years of DHS surveys. This result reflects the general
advances in development seen around the world during this period
(30). That our statistical models demonstrate the same well-being as-
sociations that have been extensively documented elsewhere provides

Fig. 1. Geographic distribution of developing country household surveys. (A) Global distribution of surveys. (B) Inset of Nepal. Dots represent sampling clusters
(blue, further than 10 km from a PA; red, within 10 km) in relation to International Union for Conservation of Nature (IUCN) categories I to VI PAs (green polygons) in
countries with surveys.
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I
n 2010, Parties to the Convention on 

Biological Diversity (CBD) adopted the 

Strategic Plan for Biodiversity 2011–2020, 

and its 20 Aichi Biodiversity Targets, to 

catalyze national and international con-

servation efforts and reverse negative 

biodiversity trends. With the plan nearing 

an end, and attention turning toward a post-

2020 biodiversity framework, it is timely to 

assess the strengths, weaknesses, and effec-

tiveness of the Aichi Targets. Aichi Target 11, 

concerned with establishing effective and 

representative networks of protected areas 

(PAs) by 2020, has attracted considerable 

interest owing to widespread recognition of 

the pivotal role that appropriately situated 

and well-managed PAs have in conserving 

biodiversity (1). Substantial advances have 

been made toward the areal components of 

Aichi Target 11, with the PA estate increas-

ing by 2.3% on land and 5.4% in the oceans 

since 2010 and now covering 15% of land 

and inland freshwater globally and 7% of 

the oceans (2). However, species' population 

abundance within and outside PAs continues 

to decline (1), the placement and resourcing 

of the majority of PAs has been poor (1, 3, 4), 

and more than half of PAs established before 

1992 have suffered increasing human pres-

sure (5). We discuss four problems with Aichi 

Target 11 that have contributed to its limited 

achievement and propose a formulation for 

a target for site-based conservation beyond 

2020 aimed at overcoming them.

PROBLEM 1: PERVERSE PERCENTAGES

Aichi Target 11 calls for effective conservation 

of 17% of land and inland waters and 10% of 

coastal and marine areas, and many countries 

have used these numbers as the sole basis for 

describing their progress instead of report-

ing the biodiversity impacts of conservation 

areas. Although some have argued that per-

centage targets have motivated countries to 

designate more PAs, there is no evidence for 

this. In fact, the rate of designation and total 

extent of additional PAs between 2010 and 

2014, after establishment of the Aichi Targets, 

was half that in the previous 5 years (3). Fo-

cus on the percentage coverage of PAs gener-

ates perverse outcomes (6), with many new 

PAs being established in locations that are 

disproportionately unimportant for biodiver-

sity (3). This pattern of protection of remote 

areas, often very large but not immediately 

threatened and with little conservation value, 

extends to the oceans (7). Continuing to pro-

tect areas of low opportunity costs for human 

uses, especially agriculture, in order to cover 

17% of land will have negligible biodiversity 

benefits (1, 3, 8). By contrast, if PAs were stra-

tegically sited to protect underrepresented 

threatened species, 30 times more species 

could be adequately represented with the 

same extent of PAs (8).

Moreover, thousands of PAs, many of 

which are important for conservation, have 

been downsized or degazetted (no longer 

protected by law or formal agreement) (9). 

Targets that are set around total percent-

age area legitimize such downsizing and 

degazettment if an equal amount of less im-

portant area for conservation is protected 

elsewhere. Last, percentage area targets 

disregard the quality of what is being rep-

resented, with degraded ecosystems given 

the same value as those that are still func-

tionally intact (and therefore more valuable 

from a conservation perspective).

PROBLEM 2: WHAT COUNTS AS PROTECTED?

Many PAs are inadequately managed or re-

sourced (1), do not abate any of the threats 

to their biodiversity (5), and as such are 

simply “paper parks” that do not meet the 

PA definition of “managed for the long-term 

conservation of nature.” Such areas are cur-

rently given equal value to those PAs that 

are well-sited and well-managed, which in-

flates the progress that nations are appar-

ently making toward Aichi Target 11.

To improve outcomes and avoid desig-

nation of paper-parks, Aichi Target 11 re-

quires PAs to be “effectively and equitably 

managed.” A large database of information 

relating to Protected Area Management Ef-

fectiveness (PAME) now exists, and PAME 

scores appear to be increasing over time 

(10). However, they are marginally corre-

lated with biodiversity outcomes, measured 

as animal population trends (11). This is not 

surprising: PAME metrics are not measures 

of biodiversity outcomes (status or trends) 

but rather inputs (staff and equipment) 

and outputs (law enforcement and type of 

management) (12). This suggests that cur-

rent management effectiveness metrics 

are not a good surrogate for biodiversity 

outcomes and that the desired biodiversity 

outcome should be an integral part of a 

site-based conservation target, with associ-

ated indicators.

PROBLEM 3: REPRESENTATIVE OF WHAT?

Aichi Target 11 requires PA networks at 

all scales from national to global to be 

ecologically representative, with recom-

mendations that ecoregions—which con-

tain characteristic, geographically distinct 

assemblages of natural communities and 

species—are the appropriate level of rep-

resentativeness. Although ecoregion rep-

resentation within PAs increased from 

1954 to 2013 (13), species representation 

increased much less (3). Increasing ecore-

gional representation does not equate to 

increasing species representation because 

ecoregions are too broad to capture vari-

ability in species composition and ende-

mism (4), as well as other core elements of 

biodiversity as defined by the CBD, such as 

genetic variation and ecological and evolu-

tionary processes. To be truly representa-

tive, site-based conservation targets should 

encompass all elements of biodiversity.

CONSERVATION

Protected area targets post-2020
Outcome-based targets are needed to achieve biodiversity goals
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ated indicators.
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all scales from national to global to be 

ecologically representative, with recom-

mendations that ecoregions—which con-

tain characteristic, geographically distinct 

assemblages of natural communities and 

species—are the appropriate level of rep-
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increasing species representation because 

ecoregions are too broad to capture vari-
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mism (4), as well as other core elements of 
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tionary processes. To be truly representa-

tive, site-based conservation targets should 

encompass all elements of biodiversity.
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A B S T R A C T

Countries across the globe are expanding their networks of protected areas in an effort to address the increasing
rates of biodiversity loss. Protected areas, though, have been criticized extensively for their negative impact on
the local communities. Case studies have shown that protected areas can exacerbate poverty. However, these
case studies represent only a small proportion of the over two-hundred thousand protected areas available
worldwide today. Hence, it is possible that most protected areas do not impoverish the local communities. In
fact, a few recent studies have suggested that protected areas do not impact negatively the local people. The
findings of those studies, however, are based predominately on data from small geographical regions.
Consequently, it is unclear whether their results are widely applicable. In this study, I have used a large dataset
from 5800 administrative regions in eleven countries and four continents to explore in more detail the link
between protected areas and local poverty rates. Particularly, I have used the quasi-experimental matching
method to test whether administrative regions with protected areas have higher proportions of people living
below the poverty line. I found no evidence to support this pattern. Protected areas do not appear to be asso-
ciated with higher poverty rates. Considering that, firstly, biodiversity conservation and poverty alleviation
represent two of the most urgent challenges of our time, and, secondly, that most efforts to conserve biodiversity
are channeled through protected areas, it is crucial to know that protected areas do not interfere with our efforts
to alleviate poverty.

1. Introduction

Protected areas represent one of the most important conservation
strategies for addressing today's high rates of biodiversity loss (Miranda
et al., 2016; Oldekop et al., 2016; Visconti et al., 2019). The percentage
of protected land across the globe continues to rise (Geldmann et al.,
2019) as countries intensify their efforts to achieve the globally agreed
target of 17% (as described in the Aichi Target 11 of the Convention on
Biological Diversity; Lewis et al., 2019). The importance of protected
areas for biodiversity conservation has been such that researchers are
calling for even more areas (Anderson and Mammides, 2019; Watson
et al., 2016), with some scientists suggesting that to successfully con-
serve biodiversity we need to protect half of the planet (Locke, 2014;
Pimm et al., 2018; Wilson, 2016). However, protected areas have been
criticized, occasionally fiercely, for impacting the livelihoods of the
local people, particularly those in the developing world (Cernea and
Schmidt-Soltau, 2006; Vedeld et al., 2012; West and Brockington,
2006). This criticism has evolved into a contested, yet unresolved de-
bate (Brockington et al., 2012; Brockington and Wilkie, 2015; Wilkie
et al., 2006), which is often associated with the broader dissension

regarding the link between biodiversity conservation and poverty al-
leviation—two of the most important challenges of our time (Adams
et al., 2004; Gardner et al., 2013; Turner et al., 2012).

On one end, there is the argument that biodiversity conservation
and poverty alleviation are unrelated targets and must be kept as such
(Adams et al., 2004; Terborgh, 2004). The proponents of this stance
warn that if the two are linked, we risk compromising the success of
both (Terborgh, 2004) because of the intrinsic tradeoffs (Ferraro and
Hanauer, 2011). Under this viewpoint, the argument specific to pro-
tected areas is that their purpose is to safeguard biodiversity; therefore,
they should not be required to also address the needs of the local people
(Terborgh, 2004). Such viewpoints encourage restrictive conservation
approaches—oftentimes referred to as “fortress conservation” (Igoe,
2004). Restrictive approaches deem local people's activities as in-
compatible with conservation (Terborgh, 2004) and thus efforts are
made to exclude them from protected areas.

Conversely, there is the argument that biodiversity conservation
and poverty alleviation are naturally interrelated targets (Adams and
Hutton, 2007; Fisher et al., 2012; Turner et al., 2012). Proponents of
this viewpoint argue that appropriately designed conservation
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- Des niveaux de bien-être plus élevés de 17% et 
une probabilité de pauvreté plus faible de 16% à 
proximité des aires protégées incluant du
tourisme / au cas de ménages vivant loin des 
aires protégées.

- Des scores taille-pour-âge plus élevés de 10% et 
13% en moins de risques de présenter un retard 
de croissance chez enfants de moins de 5 ans 
vivant à proximité d’aires à usage multiple et 
tourisme / à des enfants vivant loin des aires 
protégées. 
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Fig. 4. a) Spatial distribution of the
different protected areas included in
our analysis, coloured by IUCN cate-
gory, b) percentage of forest cover per
protected area from green highly
forested to red poorly forested, c)
Percentage of forest loss between 2000
and 2014 within individual protected
areas with quantiles from green (low
percentage of loss) to red (high per-
centage of loss, d) Significant trend
(increase or decrease) of forest loss
between 2000 and 2014 within in-
dividual protected areas coloured from
yellow to red according to the slope
steepness (highest increase in red) and
from green to dark blue according to
the slope steepness (highest decrease
in blue) (For interpretation of the re-
ferences to colour in this figure legend,
the reader is referred to the web ver-
sion of this article).
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A B S T R A C T

Forests are under increasing pressure globally and the establishment of protected areas has long been used as a
conservation tool to preserve them. Seven categories of protected areas have been defined by the International
Union for Conservation of Nature (IUCN) with different management objectives and protection levels. However,
recent studies raised questions over whether protected areas are effective in preventing ecosystem degradation
and whether IUCN categories vary in their effectiveness. In this study, we analysed forest loss and trends be-
tween 2001 and 2014 within IUCN protected areas at a global scale and within sixteen Intergovernmental
Platform for Biodiversity and Ecosystem services (IPBES) subregions, relevant for international policy. As habitat
protection can be driven by the location of protected areas and as the amount of forest within protected sites is
highly unequal, we reported the forest loss integrating the proximity of roads and population, as well as the
amount of initial forest in 2000. Our results show that worldwide, the highest protection categories experienced
less forest loss than those allowing more human intervention, although this result was reversed in three IPBES
subregions. Moreover, in four subregions there was more forest loss within protected areas than outside. We also
found accelerating rates of forest loss in protected areas across all IUCN categories, more pronounced in the
highest protection IUCN categories. Our results highlight the importance of moving the discussion of the post-
2020 biodiversity framework for protected areas beyond simple general areal targets and that areas with poor
implementation effectiveness should benefit from additional support.

1. Introduction

Forests provide diverse ecosystem services and play a key role in the
conservation of endangered and endemic species (Gibson et al., 2011;
Moura et al., 2013), covering one third of the terrestrial land surface
(Keenan et al., 2015), and are of prime importance for human well-
being. Due to increasing demand for agricultural and forest products
coupled by a significant urban sprawl and infrastructure development
(Faria and Almeida, 2016; Schmitz et al., 2015), forests worldwide have
experienced pressure over the last decades (Laurance et al., 2014). The
consequences of forest loss can be substantial when impacting intact
forests that are hosting irreplaceable biodiversity and ecosystem ser-
vices (Gibson et al., 2011; Foley et al., 2005). Forest loss has been
shown to be linked to drivers such as changes in population density,
international trade and economic development (Leblois et al., 2017;
Faria and Almeida, 2016). Even though it is widely recognised that
active anthropogenic deforestation has a major impact on forest cover

(Margono et al., 2014), other natural or human-related factors such as
diseases (Kurz et al., 2008), wildfires (Potapov et al., 2008), or drought
events (Peng et al., 2011; Phillips et al., 2009) are also responsible for a
significant amount of forest loss. The importance of these drivers,
however, varies greatly across regions and so does the extension of
forest loss (Sloan and Sayer, 2015), with tropical rainforests experien-
cing twice as much net loss between 2000 and 2012 than temperate or
boreal forests (Leblois et al., 2017).

Despite the persistent decrease of intact forest area during the
2000–2013 period, the contribution of protected areas (PAs) to mini-
mise this loss was significant (Potapov et al., 2017). The establishment
of PAs is indeed one of the most common conservation actions to pre-
vent the degradation of forests. Under the Convention of Biological
Diversity, countries have established the goal to extend PAs to cover at
least 17 % of the terrestrial area by 2020 (Aichi Target 11, https://
www.cbd.int/sp/targets/). However, not all PAs are created equal, as
there are many types of PAs with different land-tenure regimes and
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Entre 2000 et 2014, les pertes de forêts ont été moins fortes 
dans les aires protégées et dans les catégories UICN I à III, les 

plus strictes
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 I
n the increasingly polarized international 

political arena, it has become difficult 

to find common ground to solve Brazil’s 

ongoing environmental crisis, which has 

global as well as local implications. In-

ternational buyers of Brazil’s agricultural 

commodities have raised concerns about 

products that are contaminated by defores-

tation (i.e., deforestation occurred during the 

process of producing the product) (text S12). 

European Union (EU) criticism of the Brazil-

ian government bolsters demands to boycott 

Brazilian products and to withhold ratifica-

tion of the trade agreement reached in 2019 

between the EU and Mercosur, the South 

American trade bloc. Among the concerns is 

that increasing greenhouse gas (GHG) emis-

sions from deforestation and forest fires in 

Brazil could cancel out EU climate change 

mitigation efforts. The Brazilian govern-

ment and agribusiness contend that national 

laws ensure high conservation standards, 

and hence trading bans should not include 

legally authorized deforestation (1). Here, 

we address the interlinkage between illegal 

deforestation in the Amazon and Cerrado—

the largest Brazilian biomes with the highest 

rates of deforestation—and EU imports of 

Brazil’s soy and beef, the country’s major ag-

ricultural commodities (table S9). Although 

most of Brazil’s agricultural output is defor-

estation-free, we find that 2% of properties in 

the Amazon and Cerrado  are responsible for 

62% of all potentially illegal deforestation and 

that roughly 20% of soy exports and at least 

17% of beef exports from both biomes to the 

EU may be contaminated with illegal defor-

estation. Raising awareness is important to 

press Brazil to conserve its environmental 

assets and to promote international politi-

cal will for cutting telecoupled GHG emis-

sions. This could be achieved, for example, 

through the environmental safeguards of 

the Mercosur-EU trade agreement, which 

require EU imports to comply with the ex-

port country’s legislation.

Our study goes beyond previous assess-

ments of soy and beef supply chain trace-

ability and zero-deforestation commitments 
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through the environmental safeguards of 

the Mercosur-EU trade agreement, which 

require EU imports to comply with the ex-

port country’s legislation.

Our study goes beyond previous assess-

ments of soy and beef supply chain trace-

ability and zero-deforestation commitments 
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respectively, over the past 5 years (fig. S2) 

(9). All economic partners of Brazil should 

share the blame for indirectly promoting de-

forestation and GHG emissions by not bar-

ring imports and consuming agricultural 

products contaminated with deforestation, 

illegal or not. We calculate by superimpos-

ing a biomass map on deforestation maps 

(text S8) that EU soy imports alone could be 

responsible for the indirect emission of 58.3 

± 11.7 million metric tons of CO2 equivalent 

(MtCO2e) from both legal and illegal defor-

estation in the major Brazilian biomes be-

tween 2009 and 2017 (table S16), taking into 

account municipalities’ export shares. Yet the 

EU share is likely to increase as a result of 

the Mercosur-EU and U.S.-China trade agree-

ments. If implemented, these agreements will 

increase EU demand for Brazilian products 

(text S2) because of lower tariffs and to fill 

in the gap as U.S. exports to the EU could be 

redirected to China.

Most of Brazil’s agricultural properties are 

deforestation-free. Of our CAR sample, 15% 

of properties were deforested after 2008, half 

of them potentially illegally. However, only 

2% (17,557) of all properties in both biomes 

are responsible for 62% of all potentially il-

legal deforestation (text S10 and table S18). 

This small but very destructive portion of the 

sector poses a threat to the economic pros-

pects of Brazil’s agribusiness, in addition to 

causing regional and global environmental 

consequences. It is not enough to claim to 

be the world’s most sustainable agriculture 

while a share of the sector fails to comply 

with the country’s own environmental laws 

and supports the government’s undoing of 

past environmental achievements (text S1). 

Instead, the government and agribusiness 

should take concrete steps to achieve coun-

trywide environmental compliance. This is 

economically viable, given that about 4.1 Mha 

of legal-reserve debts in soy farms could be 

compensated by purchasing forest certifi-

cates from landowners with FC surplus (10). 

Additionally, the required restoration of 0.6 

Mha of all riparian APPs together with 4.3 

Mha of legal reserves on low-yield pasture-

lands in both biomes would remove 1.4 ± 0.3 

GtCO2e (text S9, fig. S28, and table S17). This 

will greatly benefit agribusiness because its 

productivity depends on the rainfall regu-

lated by the vast forests and other native 

vegetation (7) that still cover 60% of the 

Brazilian territory (1). 

In the EU, public and private initiatives are 

building up to ensure agricultural imports 

free of tropical deforestation (11), and soon 

Chinese companies may follow suit (12). Yet 

so far there is a strong emphasis on private 

certification schemes that are costly, lack 

transparency, and encompass only specific 

farms and hence a small part of the sector. 

Here, we demonstrate that thanks to Brazil’s 

already existing CAR registry (6), mapping 

and monitoring programs (13), and animal 

tracking system (GTA), it is possible to imple-

ment a national and public monitoring sys-

tem that enforces environmental compliance 

at the property level to substantially reduce 

deforestation in the country’s major agricul-

tural supply chains. Brazil certainly has all 

the elements to feed the world with a respon-

sible agricultural sector that tackles climate 

change and protects some of the world’s most 

biodiverse regions. But to achieve this goal, 

the country and its international partners 

must acknowledge their shared environmen-

tal responsibilities as a main step to seek 

common solutions. j
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 I
n the increasingly polarized international 

political arena, it has become difficult 

to find common ground to solve Brazil’s 

ongoing environmental crisis, which has 

global as well as local implications. In-

ternational buyers of Brazil’s agricultural 

commodities have raised concerns about 

products that are contaminated by defores-

tation (i.e., deforestation occurred during the 

process of producing the product) (text S12). 

European Union (EU) criticism of the Brazil-

ian government bolsters demands to boycott 

Brazilian products and to withhold ratifica-

tion of the trade agreement reached in 2019 

between the EU and Mercosur, the South 

American trade bloc. Among the concerns is 

that increasing greenhouse gas (GHG) emis-

sions from deforestation and forest fires in 

Brazil could cancel out EU climate change 

mitigation efforts. The Brazilian govern-

ment and agribusiness contend that national 

laws ensure high conservation standards, 

and hence trading bans should not include 

legally authorized deforestation (1). Here, 

we address the interlinkage between illegal 

deforestation in the Amazon and Cerrado—

the largest Brazilian biomes with the highest 

rates of deforestation—and EU imports of 

Brazil’s soy and beef, the country’s major ag-

ricultural commodities (table S9). Although 

most of Brazil’s agricultural output is defor-

estation-free, we find that 2% of properties in 

the Amazon and Cerrado  are responsible for 

62% of all potentially illegal deforestation and 

that roughly 20% of soy exports and at least 

17% of beef exports from both biomes to the 

EU may be contaminated with illegal defor-

estation. Raising awareness is important to 

press Brazil to conserve its environmental 

assets and to promote international politi-

cal will for cutting telecoupled GHG emis-

sions. This could be achieved, for example, 

through the environmental safeguards of 

the Mercosur-EU trade agreement, which 

require EU imports to comply with the ex-

port country’s legislation.

Our study goes beyond previous assess-

ments of soy and beef supply chain trace-

ability and zero-deforestation commitments 
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A confirmer : les aires 
protégées et les terres 
indigènes semblent 
avoir résisté en 
Amazonie à 
l’accroissement de la 
déforestation



Le défi de la protection forte : on peut le tenter !
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(100 ha – 1000 ha) and comparatively few large areas (≥ 1000 ha); yet,
different area sizes can play an ecological role in a German or Central
European wilderness network. The adequate size of wilderness areas
highly depends on vegetation type, home range requirements of the
relevant naturally occurring fauna and the natural dynamics prevailing
in the respective forest ecosystem (Schultze et al., 2014). Smaller areas
of 100–999 ha may be adequate to enable dynamic processes and pro-
vide range requirements for many species of the micro-, meso-, and
macrofauna, whereas areas ≥1000 ha provide space for resilient com-
munities at the landscape scale (Schultze et al., 2016). However, the

possible function of PAs smaller than 100 ha in size as “stepping stones”
for metapopulations of forest-dwelling plants and animals should not be
overlooked (Crist et al., 2005; Götmark and Thorell, 2003).

Wilderness areas providing space for megaherbivores and large
predators which “should be promoted as part of a European wilderness
strategy” (Aykroyd, 2013) would require a large area size or a network
of areas (Bruinderink et al., 2003). In Central European forest ecosys-
tems, this may include megaherbivores such as moose (Alces alces),
European bison (Bos bonasus) and red deer (Cervus elaphus), and large
predators such as brown bear (Ursus arctos), and Eurasian lynx (Lynx

Fig. 3. Potential for large natural forest habitats and forest wilderness areas in Germany according to four size categories and transboundary forest areas≥1000 ha as
potential connecting points within a European wilderness network.

S. Brackhane, et al. %LRORJLFDO�&RQVHUYDWLRQ���������������²���

���

Objectif de la stratégie biodiversité allemande : 
établir des espaces de vie sauvage sur 2% du 
territoire en 2020 contre 0,6% actuellement.

Jusqu’à 10,3% de la surface du territoire pourrait 
devenir des espaces de vie sauvage si des 
surfaces de l’ordre de 1000 ha sont sélectionnées. 
Ce pourcentage tombe à 0,6% pour des surfaces de 
10000 ha.

Les espaces de vie sauvage sont : 
- gouvernés par les processus naturels,
- non modifiés ou seulement légèrement modifiés 

et libres d’activités intrusives ou extractives 
humaines, d’installation ou d’infrastructures 
humaines et de perturbation visuelle (EC, 2013)

- correspondent à la catégorie UICN Ib »
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A B S T R A C T

The German National Strategy on Biological Diversity (NBS) aims to establish wilderness areas on 2% of the
German terrestrial territory by 2020, however wilderness areas in Germany currently only cover 0.6% of the
total land area. Operationalizing the wilderness concept in densely populated countries like Germany where few
primary habitats remain is challenging. In this study, we developed minimum criteria (including fragmentation,
compactness and size) for forest wilderness areas and assessed their number, spatial distribution and extent for
Germany. We tested their ecological representativeness in the main German ecoregions, their compatibility with
ecological networks, overlaps with existing protected areas, and forest ownership. Our results revealed a po-
tential for forest wilderness areas to cover 10.3% of the German terrestrial territory for candidate sites
≥1000 ha, which is reduced to 4.1% and 0.6% when applying larger minimum sizes (3000 ha; 10,000 ha).
Candidate sites of≥10,000 ha were restricted to mountainous regions (n=12) and the less populated Northeast
German Plain (n=4). Forest ownership and protected areas designated to protect cultural landscapes further
limit this potential. Our study is a first step toward the systematic planning for wilderness areas in Germany. It
shows the country's potential to achieve its wilderness goals, if criteria are adapted to high infrastructure
densities and rely on developing wilderness in currently used forests. Considering the number of forest areas that
extend over national borders, concerted efforts at the European level could lead toward ecologically valuable
networks of protected wilderness areas in Europe.

1. Introduction

Protected areas (PAs) are established worldwide as “core units” for
in situ conservation (Chape et al., 2005), and in 2016, PAs covered
14.8% of the world's land surface. Under the Convention on Biological
Diversity (CBD), the world's governments committed to increase the
global coverage of PAs and other effective area-based conservation
measures to 17% by 2020 (Woodley et al., 2012). Globally, PAs include
large wilderness areas which have particular benefits for conserving
large-scale natural dynamics and the associated biodiversity
(Mittermeier et al., 2003), as well as other PAs conserving biodiversity
through the management of habitats in cultural landscapes (Ostermann,
1998; Phillips, 1998). The International Union for Nature Conservation
(IUCN) defines seven PA management categories, including three

categories (Ia, Ib and II) referring to wilderness and natural habitats
(IUCN, 2019). The European Commission aims to increase the extent of
these PA management categories within its territory, and recommends
that “all National Biodiversity Strategies and Action Plans should in-
clude reference to wilderness and measures for protection of these wild
areas” (Coleman and Aykroyd, 2009), as wilderness is considered an
“important tool in helping achieve biodiversity targets” (European
Commission, 2013a). Yet, only few Central European states have de-
fined wilderness objectives in their current National Biodiversity Stra-
tegies (NBS; Supplementary material S1).

International definitions of wilderness areas usually comprise very
large areas, e.g., according to Conservation International wilderness
areas have at least 1,000,000 ha with> 70% of their original habitat
intact (Schmitt, 2011). In the European context, a wilderness area is
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Diversity (CBD), the world's governments committed to increase the
global coverage of PAs and other effective area-based conservation
measures to 17% by 2020 (Woodley et al., 2012). Globally, PAs include
large wilderness areas which have particular benefits for conserving
large-scale natural dynamics and the associated biodiversity
(Mittermeier et al., 2003), as well as other PAs conserving biodiversity
through the management of habitats in cultural landscapes (Ostermann,
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(IUCN) defines seven PA management categories, including three
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these PA management categories within its territory, and recommends
that “all National Biodiversity Strategies and Action Plans should in-
clude reference to wilderness and measures for protection of these wild
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“important tool in helping achieve biodiversity targets” (European
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A “Global Safety Net” to reverse 
biodiversity loss and stabilize Earth’s 
climate /Un «filet de sécurité mondial» 
pour inverser la perte de biodiversité et 
stabiliser le climat de la Terre

E. Dinerstein, A. R. Joshi, C. Vynne, A. T. L. Lee, F. 
Pharand-Deschênes, M. França, S. Fernando, T. Birch, 
K. Burkart, G. P. Asner, D. Olson

Sci. Adv. 2020; 6 : eabb2824 4 Septembre 2020 

Où comment prendre en compte : 
- les besoins de protection de la 

biodiversité, 
- les besoins de préservation des zones 

riches en carbone ou capables d’en 
stocker, 

- en intégrant les aires destinées aux 
populations autochtones

Transcription FRB : https://www.fondationbiodiversite.fr/wp-
content/uploads/2020/10/FRB-synthèse-filet-securite-mondial-octobre-2020.pdf



En guise de bilan
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Les aires protégées sont : 

• Un outil incontournable pour protéger la biodiversité et assurer le maintien des services 
écosystémiques essentiels à la vie sur la Terre et au devenir des populations humaines.

• Des surfaces qui peuvent contribuer au stockage du carbone et à atténuer les effets du 
changement climatique sur les composants de la biodiversité.

• Un outil pertinent pour limiter les risques de multiplication des zoonoses et des pandémies, 
tout en contribuant au bien-être humain.

Il faut :

• Se fixer  des objectifs planétaires en matière d’accroissement des aires protégées terrestres (les 
30%, et si possible plus) et intégrant la notion de protection forte afin de permettre la libre 
évolution des non-humains.

• Passer des aires protégées « de papier » et des chiffres bruts (l’atteinte de la cible 11 d’Aichi par 
exemple) au concret, tant du point de vue respect de la réglementation que de la prise en compte 
des objectifs écologiques. Cela sous-entend suivi, contrôle et financements. 

• Mettre en avant les « success story », notamment au Sud, insister sur les bénéfices socio-
économiques des aires protégées, et investir dans la pédagogie vers les décideurs, les acteurs 
économiques, les jeunes, etc..

• Se donner les moyens de nos ambitions et ne pas oublier qu’on est face à l’urgence (cf. rapport 
mondial de l’IPBES et les travaux de recherches en cours). 


