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Abstract
Approximately 65% of primate species are facing extinction, with threats including
the impacts of linear infrastructures such as roads, railways, and power lines,
associated with habitat loss and fragmentation, direct and indirect mortality, and
changes in animal behavioral patterns. Nevertheless, this is an often-overlooked
topic in primatology, and there is limited information on which regions and species
are most affected by linear infrastructures. Here, we provide a global assessment of
priority areas and primate species for conservation by integrating information from
global-scale open-access data sets on the distributional ranges, traits, and threats to
primate species and linear infrastructures, together with a systematic literature
review and a questionnaire sent to primatological societies. We produced a bivariate
map that reflects the patterns of co-occurrence of the Conservation Value and
Infrastructure Density. From this map we highlight Primate Mitigation Areas
(regions with high Primate Conservation Value and Infrastructure Density), which
are areas where infrastructure mitigation should be prioritized; and the Primate
Preservation Areas (regions with high Primate Conservation Value and low Infra-
structure Density), which represent areas that should be preserved from further
infrastructure development. Primate Mitigation Areas primarily include the Atlantic
forest of Brazil, the Guinean forests of West Africa, and most of Southeastern Asia,
whereas Primate Preservation Areas are found principally in the Amazon and
Congo River basins. Our assessment also produced a list of priority species affected
by infrastructures, with the great apes and gibbons ranking highest. Global
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infrastructure projects, especially the Belt and Road Initiative, can seriously affect
both priority areas (particularly preservation areas) and the most vulnerable species,
due to the massive sprawl of linear infrastructures and associated human activity.
Thus, we call for dedicated strategic environmental and social assessments through-
out these different economic corridors within the Belt and Road Initiative planning
process, prior to developing the different projects. Our assessment can serve as a
tool to coordinate management actions and legislation around the world.

Keywords Behavioral changes .Belt andRoad Initiative .Habitat loss and fragmentation .

Primates . Transportation infrastructures

Introduction

Unsustainable human activities are the main driver negatively impacting global biodi-
versity, in particular nonhuman primates (hereafter primates), the majority of which are
threatened with extinction (65% of species) or show marked population decline (75%
of species) (Carvalho et al. 2019; Estrada et al. 2017). In general, the expansion of
agriculture and (illegal) logging are the main threats, followed by livestock farming and
ranching in the Central and South America, and hunting and trapping for bushmeat and
illegal trade in mainland Africa, Madagascar, and Asia (Estrada et al. 2017; Galán-
Acedo et al. 2019). However, transportation infrastructures such as roads, railroads,
power lines, pipelines, and artificial water channels are also important and often
overlooked drivers of the current biodiversity crisis (Laurance and Balmford 2013;
Maxwell et al. 2016). The IUCN indicates that transportation infrastructures directly
impact some 18% of primate species (92 of 512), but this number is likely to be highly
underestimated, as all human-related threats to primates are associated with linear
infrastructure expansion (Arcus Foundation 2018). For example, agriculture expansion
is intrinsically related to transportation and energy infrastructures (Hess et al. 2013;
Maxwell et al. 2016), and deforestation in tropical forests occurs mainly near roads (Ali
et al. 2015; Barber et al. 2014; Laurance et al. 2009).

Linear infrastructures impact primates directly in different ways. Many primate
species exploit home ranges that extend beyond the borders of protected areas or travel
between protected areas, and thus encounter linear infrastructures in their pathway
(Estrada et al. 2017; Moraes et al. 2018). In particular, arboreal species may have
serious difficulties in crossing vegetation gaps caused by infrastructures, limiting their
access to resources such as food and mating partners, and restructuring populations into
smaller and often unviable populations (Ascensão et al. 2019; Grativol et al. 2001;
Linden et al. 2020). Some species may avoid infrastructures due to disturbance such as
traffic noise and increased human activity (Duarte et al. 2011), thus intensifying this
barrier effect (Clauzel et al. 2015; Hickey et al. 2013). In addition, roads, railways, and
power lines kill numerous animals due to collisions and electrocution, further depleting
populations (Borda-de-Água et al. 2017; Cunneyworth and Duke 2020; Hetman et al.
2019; Katsis et al. 2018). Transportation infrastructures also make hitherto isolated
areas accessible to humans (Tablado and D’Amico 2017), increasing illegal and
exploitative activities such as poaching and facilitating the spread of diseases (Suárez
et al. 2013).
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Linear infrastructures bring a series of threats to the conservation of wild primates
that must be incorporated into landscape management plans. Moreover, the future
impacts of the ongoing global expansion of infrastructure networks will be even more
severe as an additional 25 million km of roads and railways are expected to be
completed by 2050, 90% of which are in developing countries (Dulac 2013), namely
in tropical regions that sustain exceptional biodiversity and vital ecosystem services
(Alamgir et al. 2017; Laurance et al. 2001, 2015; Meijer et al. 2018). This massive
infrastructure growth calls for a global assessment to identify those regions that are
most likely to impact already threatened primate taxa, and to highlight areas of conflict
between conservation and human development, as well as priority areas for preserva-
tion (i.e., regions currently lacking linear infrastructures). Likewise, it is important to
identify species that are most at risk from transportation infrastructure impacts, to
mitigate the impacts of the most problematic infrastructures and to provide landscape
conditions, such as corridors that connect fragmented habitats and isolated populations,
to ensure the long-term persistence of primates and their ecosystems.

Global assessments require integration of the knowledge and opinions of experts and
conservation practitioners working in different primate regions and studying different
primate species. However, relatively few studies have focused on the impacts of
infrastructures on primates (Bezanson and McNamara 2019; Junker et al. 2020).
Moreover, research on primate conservation has tended to focus on a limited number
of taxa, such as chimpanzees (Pan troglodytes), macaques (Macaca sp.), howlers
(Alouatta sp.), and capuchins (Cebus/Sapajus sp.); field sites; and protected areas,
which tend to have lower densities of infrastructures, thus leaving out a vast proportion
of primate range areas and species (Bezanson and McNamara 2019).

Here, we propose a framework for, and provide a global assessment of, the risk of
infrastructures to primate survival, integrating information from published scientific
studies and expert knowledge with current information on the spatial distribution of
primate species, their conservation status, and spatial information on the location of
infrastructures. This assessment provides a basis for the proactive zoning of priority
management areas for current and future primate conservation. While our focus is on
primates, this framework is useful for any taxonomically defined research.

Methods

Species and Infrastructure Information

We restricted our assessment to the 475 species of primates evaluated by IUCN (>90%
of known species), and used the IUCN spatial information on each species range
(IUCN 2019). We follow’ the classification of Estrada et al. (2017) of four regions
of primate occurrence, including the Neotropics (Central and South America), main-
land Africa, Madagascar, and Asia. We retrieved information on linear infrastructures
(roads, railroads, power lines, pipelines, and water channels) from OpenStreetMap
(OSM; www.openstreetmap.org) using a customized R script and the R package
osmdata (Padgham et al. 2017). To determine infrastructure density, we obtained data
from OSM of all infrastructure spatial lines for each 50 km × 50 km grid inside primate
range regions, reprojected them to an equal-area projection, and summed the total
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length of all linear infrastructures. We then downscaled this information to a higher
resolution of 10 km × 10 km, averaging the length values by using a moving window of
10 km radius to match the resolution of each species range.

Literature Review

To better understand which infrastructure-related impacts have been examined by field
researchers, we searched for publications focusing on primates and the main impacts
associated with linear infrastructures: direct killing (e.g., roadkill, electrocution), indirect
killing (e.g., poaching), habitat loss and fragmentation (including barrier effects), behavioral
changes (e.g., foraging along roads), and chemical pollution (Biasotto and Kindel 2018;
Borda-de-Água et al. 2017; Forman and Alexander 1998; Forman et al. 2003; Van der Ree
et al. 2015). We used the ISI Web of Science (www.webofknowledge.com) to search for
articles, notes, and letters appearing in ecology-related journals, specifically in the categories
Biodiversity Conservation, Ecology, Environmental Sciences, and Zoology. We considered
only the Science Citation Index Expanded (SCI-EXPANDED) for 1900–present. We
performed five searches, each focusing on a different main infrastructure-related impact
(searches performed on December 2020). Each search used the common terms: “(primate*
OR lemur* OR galago* OR lorisid* OR tarsier* OR monkey* OR ape* OR simian*) AND
(road* OR highway* OR motorway* OR railway* OR railroad* OR rail* OR powerline*
OR power-line*OR “power line*”OR canal*OR drain*OR pipeline*),” and the following
specific terms for each impact (in bold): Direct mortality: common terms together with
“(roadkill* OR road-kill* OR “road kill*” OR collision* OR electrocution* OR drown-
ing*).” Indirect mortality: common terms together with “(poaching* OR trade* OR hunt-
ing* OR bushmeat*).” Fragmentation: common together with “(fragmentation OR avoid-
ance OR “barrier effect” OR “connectivity reduction” OR movement* OR dispersal OR
“home-range*” OR “home range*”).” Behavior change: common terms together with
“(behavior* OR behaviour* OR alert* OR disturbance* OR stress* OR “flight initiation
distance” OR facilitation* OR attraction* OR habituation* OR foraging* OR “ecological
trap”).” Pollution: common terms together with “(pollution* OR pollutant* OR contami-
nant*).”Our searches yielded 21 publications for Direct mortality, 37 for Indirect mortality,
87 for Fragmentation, 121 for Behavior change, and 32 for Pollution. Seventy-four publi-
cations were ultimately eligible for information collection, i.e., included information on
infrastructure impacts, target species/taxa, and country (or countries) of the study area.

Questionnaire to Primatologists

We collected information from researchers and conservation practitioners working with
primates through an online survey using Google Forms (available in https://forms.gle/
gytJHz84rDAaeYBo6). In our questionnaire, we asked if the researcher works (or
worked) with primates (Q1); and, if so, we asked the researcher to rank the severity of
the five impacts associated with linear infrastructures, based on her or his experience and
perceptions (Q2); which taxa are more vulnerable to those impacts (Q3); in which
countries (up to five) is urgent action needed to improve primate conservation in
response to the threats of linear infrastructures (Q4); and how much more important
than Least Concern (LC) are the IUCN conservation categories Critically Endangered
(CR), Endangered (EN), Vulnerable (VU), Near Threatened (NT), Data Deficient (DD),
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and Not Evaluated (NE) (Q5). Scores ranged from 1 (the value given for LC), meaning
no difference to LC, to 10, i.e., considered to be a 10 times higher priority than LC
species. We introduced the form with the text “The purpose of this questionnaire is to
understand where the different Primate experts are developing their research throughout
the world, and how they perceive linear infrastructures as a threat for conservation. By
linear infrastructures we mean roads, railroads, power lines, water channels (human
made) and pipelines.”We distributed the form across the main primatological societies
throughout the world (see Acknowledgments for a complete list). We assumed that
people from these societies would be the most experienced researchers and conservation
practitioners, and thus have the most detailed and up-to-date knowledge of the impacts
of linear infrastructures on primate species and their habitats.

Detecting Priority Areas for Management

We calculated the median scores obtained in the online survey about the IUCN conser-
vation categories (Q5) to obtain a relative weight of the categories CR, EN, VU, NT, DD,
and NE compared to LC. We rasterized each species’ distribution range using the same
extent and resolution we used for infrastructure density information (10 km × 10 km), and
assigned the species the corresponding median score of its IUCN category. We summed
all species’ layers to obtain a Conservation Value layer, which represents how the different
species are globally distributed, weighted by their conservation status score. We then
overlaid this layer with information on infrastructure density, which we used to create a
bivariate map that reflects the co-occurrence of the Conservation Value and Infrastructure
Density information. From this map we selected areas with both high Conservation Value
and high Infrastructure Density and named these Priority Mitigation Areas. We named
areas with both high Conservation Value and low Infrastructure Density Priority Preser-
vation Areas. We based low thresholds on the 20% percentiles and high thresholds on
80% percentiles of the intersected layers. For example, Priority Mitigation Areas have
both a conservation value and an infrastructure density greater than the 80% percentile of
their respective layer.

Finally, for each country, we summed all of the 10 km × 10 km cells classified as
either Priority Mitigation Areas or Priority Preservation Areas. This allowed us to rank
each country according to the amount of priority areas for conservation management.
We compared this ranking with the one obtained from expert knowledge from Q4 (“In
which countries is it more urgent to improve primate conservation regarding the threats
due to linear infrastructures?”). We gave each expert a score of 1, which we divided by
the number of countries named in the reply. The rationale was that experts naming only
one country were likely to perceive that country as the top management priority,
whereas experts naming two or more countries would disperse management actions
across those countries.

Specific Risk to Impacts of Transportation Infrastructures

We considered that the species-specific risk of being impacted by infrastructures results
from the interaction between the species’ vulnerability to infrastructures and their
exposure to infrastructures within their distribution range (e.g., D’Amico et al. 2019;
Visintin et al. 2016. As limited data exist on species’ vulnerability, we used the replies
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from experts to our online survey, specifically to question Q3 (“Which species/taxa are
more vulnerable to [infrastructure] impacts?”). As before, we assigned one point for
each expert, divided by all species mentioned in her or his reply. For example, if the
answer was “apes,” we divided 1 by all species of the families Hylobatidae and
Hominidae. To avoid overrepresentation of experts for a given region, we bootstrapped
the replies, sampling 85% of replies in each replicate (total = 100 replicates). To obtain
the vulnerability score per species, we used the median and the 20% and 80%
percentiles as confidence intervals from the replicates. To obtain the exposure value,
we calculated the median of Infrastructure Density inside the distributional range of
each species. By overlaying the two information sources, we derived the potential risk
from infrastructures for each species, in a manner identical to the way we calculated the
spatial biplot. This enabled us to identify those taxa that simultaneously showed high/
low exposure and high/low vulnerability to infrastructures.

Ethical Note

No animals were used nor licenses necessary for this literature review. We declare no
conflict of interest.

Data Availability All of the data in this study are freely available as Electronic
Suplementary Material (ESM).

Results

Literature Review

Of the total number of publications retained for analyses (N = 74), most focused on
fragmentation impacts (42, 57%), followed by behavioral impacts (28, 36%), indirect
mortality (21, 28%), and direct mortality (14, 19%). One third of studies (N = 26)
focused on more than one of the main impacts, while pollution was not treated in any
publication. As for the number of species mentioned in the publications, from a total of
96 species studied, about half studied the impact of fragmentation (59, 61%) and
indirect mortality (52, 54%), followed by changes in behavior (40, 42%) and direct
mortality (18, 19%). These studies were conducted in 26 countries (28% of countries
known to host primates), of which 12 studies were conducted in Brazil, 6 in Madagas-
car, and 6 in Gabon (Electronic Supplementary Material [ESM] S1).

Questionnaire to Primatologists

We obtained 112 validated replies from primatologists (i.e., responders work or
had worked with primates) from across the world (ESM [in Excel file]). Respon-
dents ranked habitat loss and fragmentation highest, with a median rank of 5 (20–
80% percentiles: 4–5), followed by indirect mortality, direct mortality, and be-
havioral change, all with a median rank of 3 (2–4), and pollution with a median
rank of 1 (1–3).
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Respondents generally agreed that species with categories of greatest conservation
concern (IUCN) should be prioritized in conservation actions to minimize the impacts
of linear infrastructures. Median values were 7 for CR (20–80% percentiles 3–10), 7 for
EN (2–9), 5 for VU (2–8), 4 for NT (1–7), 4 for DD (1–7), and 3 for NE (1–7). These
scores resulted in a Conservation Value map that highlights Central America; the
Amazon basin and Atlantic forest (Neotropics); the Guinean forests of West Africa
and the Congo basin (mainland Africa); the coastal areas of Madagascar,
and southwestern India, and Sri Lanka; and the region between south China and
Indonesia (Asia) as hotspots of conservation concern (Fig. 1a).

Researchers ranked countries known to host high primate species richness such as
Brazil, Indonesia, the Democratic Republic of the Congo, and Madagascar as
experiencing the greatest threats from linear infrastructures. India, Malaysia, Mexico,
and the Republic of the Congo were also considered at high risk due to linear
infrastructures (Fig. 2).

Priority Areas for Management

Overlaying Conservation Value and Infrastructure Density (Fig. 1b), resulted in the Assess-
ment map (Fig. 1c). From this Assessment map we derived Priority Areas for Mitigation

a b

c

Fig. 1 Prioritizing management areas with regard to the impacts of linear infrastructures in primates. A map of
Primate Conservation Value (a) overlaid with one of Infrastructure Density (b), resulting in a map relating the
two layers of information (c). Priority areas for mitigation are shown in red color gradients, areas where new
infrastructures should be avoided in greencolor gradients, and areas that already have a high density of
infrastructures in the primate global distribution are in yellow color gradients. In the legend, values of the
Conservation Value and Infrastructure Density layers are each divided into semi-deciles, yielding 25 unique
color combinations.
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(red) and Priority Areas for Preservation (green) (Fig. 2; ESM S2). Ranking countries based
on the amount of area occupied by each Priority category provided a slightly different order
of countries. Brazil again appeared as the top priority country, both in terms of a larger area
to address mitigation actions, and a larger amount of land devoid of infrastructures (Fig. 2).
However, Thailand emerged as the second highest priority country in terms of mitigating
existing infrastructures, followed by Indonesia and China. The Democratic Republic of the
Congo, and to a lesser extent, Colombia and Indonesia, emerged as priority countries for the
preservation of their vast areas with a minimal density of infrastructure and with high
conservation value for primates (Fig. 1c).

Specific Risk of the Impact of Transportation Infrastructures

The expert-based score of species’ vulnerability to infrastructures ranked all
species of the families Hominidae (great apes) and Hylobatidae (gibbons) in the
top semi-decile, as well a high proportion (25%) of cercopithecid species (Fig. 3;
ESM S3). Thirty-one other species from to the families Atelidae (howler, spider,
woolly, and woolly spider monkeys), Callitrichidae (marmosets, callimicos, and
tamarins), Cebidae (capuchin and squirrel monkeys), and Galagidae (galagos)
were also classified in the top semi-decile of Vulnerability (Fig. 3, rightmost
dots in each panel). The Bornean orangutan (Pongo pygmaeus), Tapanuli orang-
utan (P. tapanuliensis), and Sumatran orangutan (P. abelii) were the top ranked
species, with the highest vulnerability (Fig S3.1). We identified 32 species

Fig. 2 Country prioritization (top 25) to improve primate conservation based on threats due to linear
infrastructures. Prioritization was based on expert knowledge and perceptions (left side, brown bars); and
by summing areas classified as Priority areas for Mitigation (red bars) and Priority areas for Preservation
(green bars) per country (right side green/red bars), corresponding to the red and green areas shown in the inset
map.
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classified as highly vulnerable to infrastructure effects inhabiting areas of high
exposure to infrastructures (i.e., the infrastructure density inside their range area is
in the top semi-decile; Fig. 3, top-right dots in each panel). Half of these species
are from the Cercopithecidae (N = 14 species), followed by Callitrichidae (N = 9),
Hylobatidae (N = 5), Atelidae (N = 2), Cebidae (N = 1), and Hominidae (N = 1).
Species in these families should be considered top priority for research on how to
mitigate the effects of infrastructures on species survivorship.

Five species of Atelidae, including the Juruá red howler (Alouatta juara),
Guianan red howler (Alouatta macconnelli), Amazon black howler (Alouatta
nigerrima), Purús red howler (Alouatta puruensis), and black spider monkey
(Ateles chamek), were classified as being highly vulnerable to infrastructures,
while inhabiting low infrastructure density areas, i.e., in the firstt semi-decile of
Exposure (Fig. 3, Atelidae panel, bottom-right dots). Ten other species were
classified in the top semi-decile of Vulnerability and in the second semi-decile
of Exposure, i.e., despite their recognized high vulnerability, they inhabit areas
characterized by a relatively low density of infrastructures. This latter group
comprises Eastern gorillas (Gorilla beringei), Western gorillas (G. gorilla), East-
ern hoolock gibbons (Hoolock leuconedy), Kloss’s gibbons (Hylobates klossii),
Superagüi lion tamarins (Leontopithecus caissara), Pagai Island macaques

Fig. 3 The position and color of each point represents a combination of semi-deciles of species’ vulnerability
(x-axis) and exposure to linear infrastructure density (y-axis). Vulnerability values are the medians after
bootstrapping responses to a questionnaire (100 replicates). Red colors are species currently facing high
vulnerability and exposure to linear infrastructures. Green colors represent species with high vulnerability but
lower exposure to linear infrastructures. The size of each dot represents the richness of species of each family
in that combination of Vulnerability/Exposure. Shaded areas show the risk “space” occupied by each taxon of
a given family. For example, all seven Hominidae were classified as highly vulnerable to infrastructure
impacts, one of which (Tapanuli orangutan, Pongo tapanuliensis) inhabits a region classified in the top semi-
decile of Infrastructure Density (top-right red dot in Hominidae panel).
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(Macaca pagensis), Siberut macaques (M. siberu), Spix’s howlers (Alouatta dis-
color), bonobos (Pan paniscus), and Myanmar snub-nosed monkeys
(Rhinopithecus strykeri) (ESM S3). Together with the five Atelidae, these taxa
should be considered as species for preservation. A high number of
Cheirogaleidae (dwarf, mouse, and fork-marked lemurs) were classified as having
lower vulnerability to infrastructure impacts (90% of the species in this family;
ESM S3), the majority of which inhabit areas that contain a high density of
infrastructures in the southern coastal areas of Madagascar, such as the Critically
Endangered Nosy Be mouse lemur (Microcebus manitatra).

Discussion

Linear infrastructures have a major impact on habitat loss and fragmentation, and this
was supported by our literature review and expert perceptions. In the past two decades,
nearly 200 million ha of tropical forest have been lost in primate range regions, with
Brazil, Indonesia, the Democratic Republic of the Congo, China, and Malaysia ac-
counting for half of these losses (Estrada et al. 2020; Malhi et al. 2014). Furthermore,
both expert knowledge and the published literature reveal that mortality and behavioral
changes associated with infrastructures severely impact primate species. This is con-
sistent with studies showing that transportation infrastructures and related land use
conversion, particularly for agriculture and cattle pastures, are a major driver of habitat
destruction, particularly in tropical regions. These infrastructures are associated with
increased rates of deforestation, human-induced fires, and illegal hunting and mining
activities (Barber et al. 2014; Kleinschroth et al. 2019; Laurance et al. 2001, 2002,
2006, 2009). For example, roads make hitherto pristine areas accessible, increasing
illegal hunting for bushmeat and the illegal trade of primates as pets and for traditional
medicine (Estrada et al. 2017, 2020; Suárez et al. 2013). Likewise, many primate
species avoid roads and other infrastructures, for example, the greater spot-nosed
monkey (Cercopithecus nictitans: Lahm et al. 1998), western gorilla (Gorilla gorilla:
Vanthomme et al. 2013), and Yunnan snub-nosed monkey (Rhinopithecus bieti: Zhao
et al. 2019), further decreasing the available habitat. Hence, infrastructures also con-
strain the movement of individuals between subpopulations and fragmented
landscapes.

The impacts of infrastructures on species and habitats should be integrated into
management and conservation planning (Arcus Foundation 2018), and it is thus
essential to empirically identify areas where urgent mitigation of existing infrastruc-
tures is required and areas where future infrastructure construction should not be
permitted. Here, we provide a global assessment highlighting priority areas for man-
agement and identify the set of primate species at greatest risk of being impacted by
linear infrastructures. We distinguished between Priority Mitigation Areas (areas with
both high conservation value and high infrastructure density) and Priority Preservation
Areas (areas with high conservation value but low infrastructures density). Our assess-
ment highlights the priority areas in which management and planning should be
considered first. However, areas outside the priority areas also must be integrated into
mitigation actions and planning programs, and not considered as areas where the
expansion of infrastructure is free from environmental damage.
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Priority Mitigation and Preservation Areas generally corresponded to regions known
to host high primate richness, namely the basins of the Amazon and Congo Rivers,
together with Indonesia and Madagascar. These areas were also highlighted by experts.
However, several other countries were highlighted in our assessment that did not
coincide with the ranking resulting from the responses provided by primate researchers.
Brazil is undoubtedly a top priority, highlighted in both procedures, containing the
large priority areas for both Mitigation and Preservation. The Atlantic forest of Brazil is
a critically impacted ecosystem where mitigation of infrastructures is urgently needed.
This threatened biome has faced a marked decline over the past 500 years, with <10%
of the original forest remaining (de Lima et al. 2020; Ribeiro et al. 2009). Brazil also
hosts the largest Priority Preservation Areas, namely the Amazon basin (also covering
Peru, Colombia, Bolivia, Venezuela, and Suriname), where immediate actions to
protect this rich primate community from increasing exposure to linear infrastructures
are needed. The Democratic Republic of the Congo and Indonesia were highly ranked
in our assessment, the former for its large amount of Priority Mitigation Areas and the
latter for hosting both Priority areas for Mitigation (Sumatra, Java, and Borneo) and
Preservation (principally Borneo). Our assessment also highlighted the Guinean Forests
of West Africa, including Ivory Coast (although ranked 25th by the experts), Nigeria,
and Guinea as top priority for Mitigation; together with the Asian countries of Thailand,
Myanmar, China, Vietnam, India, and Malaysia. As priority areas for Preservation, we
highlight some of the regions in Gabon, Republic of the Congo, Central African
Republic, Cameroon, and Madagascar in Africa, and Myanmar in Asia.

Unsurprisingly, the most threatened primate species are those inhabiting priority
areas for conservation. Several species of Brazil’s Atlantic Forest are in danger of
extinction, many of which are threatened by transportation infrastructures. However,
the infrastructure networks in this region continue to expand. For example, our
assessment classified the golden lion tamarin (Leontopithecus rosalia), which is en-
demic to the Atlantic forest (Ascensão et al. 2019), as having the highest vulnerability
to infrastructures and inhabiting an area in the top semi-decile of Infrastructure Density.
Likewise, orangutans from the Sundaland region are highly threatened by infrastructure
expansion. The Tapanuli orangutan is a recently described species, with fewer than 800
animals living in a small and fragmented forest area, and therefore immediately
considered to be among the most endangered great apes (Nater et al. 2017). There is
great concern that the Batang Toru hydroelectric project will extirpate the last remain-
ing population of this ape species, as the project will flood the orangutan habitat, and
new infrastructure including roads and power lines will divide the remaining forest up
and increase human presence in the orangutan’s territory (Sloan et al. 2018). Further-
more, the area also is home to six other primate species including the Endangered
siamang (Symphalangus syndactylus) and the Endangered agile gibbon (Hylobates
agilis) (Fig. S3.1). Our assessment further identified several species from the family
Cercopithecidae as being in the top semi-deciles of Vulnerability and Exposure, which
should be the focus of conservation actions. Small-bodied Cercopithecusmonkeys with
restricted distributions, specialized habitat requirements, and species-specific dietary
preferences are the most threatened, particularly in the Upper Guinea refugium of West
Africa (Ukizintambara and Thébaud 2004).

Species currently not considered as being at immediate conservation concern by the
IUCN are currently highly exposed to infrastructures. The bonnet macaque (Macaca
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radiata) was recently reassessed by the IUCN, changing its category from Least
Concern to Vulnerable given their recent dramatic population decline, with road
expansion listed as one of the causes identified (Singh 2019). It is possible that other
primates are currently under serious pressure from the impacts of transportation
infrastructure, and therefore their conservation category should be reviewed. Species
classified in the first semi-decile of Vulnerability to infrastructures (highlighted in
yellow in Fig. 3) are not nonvulnerable but are considered to have relatively lower
vulnerability. These species are still likely to face serious impacts from new
infrastructures.

Our assessment has highlighted several regions that are currently facing an unprec-
edented and massive development of linear infrastructures under China’s Belt and
Road Initiative. With a projected expenditure of 1 trillion dollars, the Belt and Road
Initiative will further expose biodiversity to high pressure from direct and indirect
infrastructure ( Ascensão 2020; Ascensão et al. 2018; Farhadinia et al. 2019; Laurance
et al. 2015; Ng et al. 2020). For example, mega-dams are being built in the world’s
most biodiverse river basins, the Amazon, Congo, and Mekong (Winemiller et al.
2016). These dams will require additional linear infrastructures such as roads and
power lines, and temporary or permanent housing, which will further fragment each
region, increasing deforestation and pressure from expanding human settlements. In
Africa, infrastructure development corridors include the Lamu Port–South Sudan–
Ethiopia Transport, which threatens to cut across mainland Africa from the coast of
Kenya through the Congo basin; the Central African Iron Ore Corridor, which will
cross the Republic of Congo, Cameroon, and Gabon with road, rail, and hydropower
components; and the Simandou Iron Ore Project in southeastern Guinea (Arcus
Foundation 2018).

In addition to diamonds, gold, oil, and natural gas, Africa has vast unexplored
deposits of minerals including uranium, iron ore, aluminium, coal, manganese (used
in steel making), cobalt, coltan (used in production of cell phones and tablets), copper,
and phosphates, among others (African Natural Resources Center 2016; Taylor et al.
2009). The Belt and Road Initiative aims to extract these mineral deposits and is likely
to represent a major threat to the environment and biodiversity in general (including
primates) and to local people. As an example, the Simandou region integrates the
Guinean Forests of West Africa and sits on 2bn tonnes of the highest-grade iron ore,
indispensable for Chinese industrial and development ambitions. It is not just mining
activities that will threaten this unique habitat. The development project is expected to
result in the construction of several infrastructures, including a 650-km railway from
the iron mines to a deep-water port, which will fragment and deplete intact habitats for
primates.

The Belt and Road Initiative plans and programs (and those of other similar
initiatives) should be carefully examined through Strategic Environmental and Social
Assessments by researchers and international organizations to ensure that the potential
negative impacts are avoided or mitigated, and the positive aspects are strengthened.
However, a major problem with Belt and Road Initiative is the lack of open and
accessible information on infrastructure planning, which makes it difficult to assess the
social and ecological impacts of this initiative in an integrated and comprehensive way,
instead of project by project. The availability of information on the projects, namely the
corridors where future infrastructures are being planned, would allow better assessment
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and scrutiny of their cost and benefits for human development and possible impacts on
biodiversity. New infrastructure development plans or projects proposed for the Belt
and Road Initiative, or similar programs, should adopt our framework in their prelim-
inary assessments, highlighting where the main impacts may occur, and which species
may be affected. However, given the relatively coarse resolution of the data we present
in our study, a local scale assessment may also be required, integrating more detailed
information on species occurrence and movement, land cover and infrastructures.

For most Priority Mitigation Areas, a primary management action should be halting
habitat loss and environmental degradation processes to reconnect habitat fragments.
For example, canopy bridges are effective in reducing roadkill and improving land-
scape connectivity for arboreal primates, such as the South African samango monkey
(Cercopithecus albogularis: Linden et al. 2020) or the Javan slow loris (Nycticebus
javanicus: Birot et al. 2020). In contrast, for Priority Preservation Areas (areas with
high conservation value and low infrastructure density), the primary goal is to avoid
the”first-cut” of the forest, as it will inevitably bring a panoply of human (legal and
illegal) activities, which in most cases are detrimental to primates and their habitat
(Laurance and Arrea 2017). Likewise, the creation and maintenance of ecological
corridors across high-quality habitat areas (often forest patches) must be an essential
component of all conservation planning. There is a lack of primate behavioral and
ecological studies conducted outside of protected areas, with 70% of field sites
occurring inside protected areas (Bezanson and McNamara 2019). This may undermine
our ability to delimit and manage ecological corridors connecting protected areas.

Maintaining the existing Preservation Areas and creating ecological corridors that
link fragmented habitats and primate populations are imperative in areas where massive
infrastructure development is expected. The top 25 countries with established Priority
Preservation Areas are expected to expand their road networks by >1.2 million km
(predictions range 0.8–1.6 million km) (Meijer et al. 2018). Important countries for
primate conservation will add 275,000–434,000 km of new roads, including an 80%
increase in the Democratic Republic of the Congo and a 33% increase in Indonesia
(Meijer et al. 2018).

Limitations of the Assessment

Our assessment should be regarded as an initial evaluation of the extent, distribution,
and location of priority areas for primate conservation (both mitigation and preserva-
tion). Limitations in our framework that should be considered in future investigations
include:

1) Only 20% of the primate species evaluated in our systematic review have been the
subject of field studies. However, a recent comprehensive review (Bezanson and
McNamara 2019) found that <50% of currently recognized primate species have
been studied in the wild. Therefore, as our study is focused on the impacts of linear
infrastructures, we think that we identified most studies.

2) Some primates are more behaviorally and ecologically resilient than others when
faced with infrastructure-related impacts. Hence, some species are likely to cope
with at least some of the negative impacts of roads and other linear infrastructures,
and therefore the overall effect for more synanthropic species is probably lower
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relative to the other species (Corrêa et al. 2018; Waterman et al. 2020). However,
even species highly adapted to urban environments can be impacted by linear
infrastructures, as, e.g., the black howler (Alouatta caraya), which is common in
urban environments but also frequently affected by electrical hazards (Lokschin
et al. 2007). Urban environments are unlikely to be a sustainable option for most
arboreal primate species.

3) Infrastructure mapping in poorer countries is incomplete, and therefore Preserva-
tion Areas, such as the Congo basin, may actually have more linear infrastructures,
namely roads, than those obtained through Open Street Maps. Despite an overall
coverage of >80% of all roads in the world, the Democratic Republic of Congo has
<40% of mapping completeness (Barrington-Leigh and Millard-Ball 2017). More-
over, the road density within the Congo basin is expanding rapidly due to logging
activities (Kleinschroth et al. 2019).

Conclusions

The impact of linear infrastructures on biodiversity, and in particular on threat-
ened primates, is not yet well understood. However, given the ongoing massive
expansion of roads, power lines, and other linear infrastructures, it is important
to identify priority areas for conservation, for both mitigation and for preser-
vation. Here we highlight Brazil, Thailand, Indonesia, China, the Democratic
Republic of the Congo, and Colombia as key countries where primate conser-
vation and strategies to mitigate infrastructure expansion must be promoted.
Similarly, we highlight the families Hominidae and Hylobatidae, as well as a
high proportion of the Cercopithecidae as priority taxa, for which mitigation
actions are imperative. This assessment, while having limitations, can serve as a
tool to coordinate management actions and legislation around the world. This
may be particularly relevant for countries involved in China’s Belt and Road
Initiative, where a large number of new infrastructures are being built or
planned, many of which bisect important areas for primate conservation.

Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1007/s10764-021-00207-5.

Acknowledgments Thanks to all primatological societies that shared this questionnaire with their member-
ship, including the African Primatological Society, American Society of Primatologists, Asociación de
Primatología Argentina, Asociación Mexicana de Primatología, Asociación Primatológica Colombiana,
Asociación Primatológica Española, Associação Portuguesa de Primatologia, Associazione Primatologi
Italiani , Australasian Primate Society, China Primate Society, Gesellschaft für Primatologie, Grupo de Estudio
de Primates del Ecuador, International Primatological Society, Lemur Conservation Network, Malaysian
Primatological Society, Primate Ecology and Genetics Group – The South African Primatology Association,
Primate Society of Great Britain, Primate Society of Japan, Red Boliviana de Primatología, SE Asian
Primatological Association (SeAPA), Sociedad Latinoamericana de Primatología (SLAPrim), Sociedade
Brasileira de Primatologia (SBPr), Société Francophone de Primatologie (SFDP), and Wildlife Conservation
Socienty of Congo. We further want to thank the researchers who agreed to answer our questionnaire,
including Allison Lau, Andrea, Andrea, Audrey Maille, Bernardo Urbani, Braulio Pinacho Guendulain,
Catarina Casanova, Chloë India Wright, Cristina Rogado, Cynthia Thompson, Daniel Vilasboas Slomp,
Darby Proctor, Ekole Nelson Betobe, Elaine Christina Oliveira do Carmo, Eldianne Moreira de Lima, Eloy

70 Ascensão F. et al.

https://doi.org/10.1007/s10764-021-00207-5
https://doi.org/10.1007/s10764-021-00207-5


Revilla, Erick Allan dos Santos Silva, Fabiano Rodrigues de Melo, Fabrizio Dell'Anna, Faical Boutlib,
Fernanda Abra, Fominka T. Nestoral, Fotang Chefor, Gerson Buss, Giada Cordoni, Giovanni Di Panfilo,
Gregorio Guzzo, Isa Aleixo-Pais, James Bukie, Jean-Pascal Guery, Jerry Nkenku, Juan Carlos Ordóñez, Juan
Carlos Ordóñez, Julie Teichroeb, Júlio César Bicca-Marques, Karen Strier, Keren Klass, Laura Praill, Lavinia
Germani, luca sineo, Marc Ancrenaz, Marcelo Derzi Vidal, Marco Ciannavei, Mariane Kaizer, Mark Harrison,
Miquel Llorente, Monica Carosi, Nadine Ruppert, Natalie Uomini, Partha Sarathi Mishra, Paul A. Garber,
Pauline Zablocki-Thomas, Raymond Vagell, Rebecca Smith, Romina Pavé, Rui M. M. Sá, Sabina Koirala,
Samara de Albuquerque Teixeira, Saulo M. Silvestre, Sebastián O. Montilla, Shasta E. Webb, Sheheer T. Ali,
Smitha D. Gnanaolivu, Susan Lappan, Susan M Cheyne, Tania Minhós, Tanvir Ahmed, Tiago Falótico,
Tremaine Gregory, Valerie A.M. Schoof, Vicente Guadalix Carreras. FA and MD were funded by Fundação
para a Ciência e Tecnologia (FCT, CEECIND/03265/2017 and CEECIND/03798/2017, respectively). RB
received a postdoctoral grant from Comunidad de Madrid (2018T1/AMB10374). We thank Paul A. Garber
and two anonymous reviewer for reviewing and commenting on an earlier version of the manuscript.

Authors Contribution FA, MD'A, and RB conceived and designed this study, analyzed the data, and wrote
the manuscript.

References

African Natural Resources Center. (2016). Catalyzing growth and development through effective natural
resourfces management. African Natural Resources Center, African Development Bank Group.

Alamgir, M., Campbell, M. J., Sloan, S., Goosem, M., Clements, G. R., et al (2017). Economic, socio-political
and environmental risks of road development in the tropics. Current Biology, 27, R1130–R1140.

Ali, R., Barra, A. F., Berg, C., Damania, R., Nash, J., & Russ, J. (2015). Highways to success or byways to
waste: Estimating the economic benefits of roads in Africa. Washington, DC: The World Bank.

Arcus Foundation, Ed. (2018). Infrastructure development and ape conservation. Cambridge: Cambridge
University Press.

Ascensão, F. (2020). Environmental risks, challenges and opportunities along the African Belt and Road
Initiative. In I. H. Pechlaner, G. Erschbamer, H. Thees, & M. Gruber (Eds.), China and the new Silk Road
(pp. 105–120). Cham: Springer International.

Ascensão, F., Fahrig, L., Clevenger, A. P., Corlett, R. T., Jaeger, J. A. G., et al (2018). Environmental
challenges for the Belt and Road Initiative. Nature Sustainability, 1, 206–209.

Ascensão, F., Niebuhr, B. B., Moraes, A. M., Alexandre, B. R., Assis, J. C., et al (2019). End of the line for
the golden lion tamarin? A single road threatens 30 years of conservation efforts. Conservation Science
and Practice, 1, e89.

Barber, C. P., Cochrane, M. A., Souza, C. M., & Laurance, W. F. (2014). Roads, deforestation, and the
mitigating effect of protected areas in the Amazon. Biological Conservation, 177, 203–209.

Barrington-Leigh, C., & Millard-Ball, A. (2017). The world’s user-generated road map is more than 80%
complete. PLoS One, 12, e0180698.

Bezanson, M., & McNamara, A. (2019). The what and where of primate field research may be failing primate
conservation. Evolutionary Anthropology: Issues, News, and Reviews, 28, 166–178.

Biasotto, L. D., & Kindel, A. (2018). Power lines and impacts on biodiversity: A systematic review.
Environmental Impact Assessment Review, 71, 110–119.

Birot, H., Campera, M., Imron, M. A., & Nekaris, K. A. I. (2020). Artificial canopy bridges improve
connectivity in fragmented landscapes: The case of Javan slow lorises in an agroforest environment.
American Journal of Primatology, 82, e23076.

Borda-de-Água, L., Barrientos, R., Beja, P., & Pereira, H. M. (Eds.) (2017). Railway ecology. Cham: Springer
International.

Carvalho, J. S., Graham, B., Rebelo, H., Bocksberger, G., Meyer, C. F. J., et al (2019). A global risk
assessment of primates under climate and land use/cover scenarios. Global Change Biology, 25, 3163–
3178.

Clauzel, C., Xiqing, D., Gongsheng, W., Giraudoux, P., & Li, L. (2015). Assessing the impact of road
developments on connectivity across multiple scales: Application to Yunnan snub-nosed monkey con-
servation. Biological Conservation, 192, 207–217.

Corrêa, F. M., Chaves, O. M., Printes, R. C., & Romanowski, H. P. (2018). Surviving in the urban-rural
interface: Feeding and ranging behavior of brown howlers (Alouatta guariba clamitans) in an urban
fragment in southern Brazil. American Journal of Primatology, 80, e22865.

71No Planet for Apes? Assessing Global Priority Areas and Species...



Cunneyworth, P. M. K., & Duke, J. (2020). Vehicle collisions among four species of monkeys between 2000
and 2018 on a suburban road in Diani, Kenya. International Journal of Primatology, 41, 45–60.

D’Amico, M., Martins, R. C., Álvarez-Martínez, J. M., Porto, M., Barrientos, R., & Moreira, F. (2019). Bird
collisions with power lines: Prioritizing species and areas by estimating potential population-level
impacts. Diversity and Distributions, 25, 975–982.

de Lima, R. A. F., Oliveira, A. A., Pitta, G. R., de Gasper, A. L., Vibrans, A. C., et al (2020). The erosion of
biodiversity and biomass in the Atlantic Forest biodiversity hotspot. Nature Communications, 11, 6347.

Duarte, M. H. L., Vecci, M. A., Hirsch, A., & Young, R. J. (2011). Noisy human neighbours affect where
urban monkeys live. Biology Letters, 7, 840–842.

Dulac, J. (2013). Global land transport infrastructure requirements: estimating road and railway infrastructure
capacity and costs to 2050. pp. 1– 50. Paris, France: International Energy Agency.

Estrada, A., Garber, P. A., Rylands, A. B., Roos, C., Fernandez-Duque, E., et al (2017). Impending extinction
crisis of the world’s primates: Why primates matter. Science Advances, 3, e1600946.

Estrada, A., Garber, P. A., & Chaudhary, A. (2020). Current and future trends in socio-economic, demo-
graphic and governance factors affecting global primate conservation. PeerJ, 8, e9816.

Farhadinia, M. S., Maheshwari, A., Nawaz, M. A., Ambarlı, H., Gritsina, M. A., et al (2019). Belt and Road
Initiative may create new supplies for illegal wildlife trade in large carnivores. Nature Ecology &
Evolution, 3, 1267–1268.

Forman, R., & Alexander, L. E. (1998). Roads and their major ecological effects. Annual Review of Ecology
and Systematics, 29, 207–231.

Forman, R., Sperling, D., Bissonette, J. A., Clevenger, A. P., Cutshall, C. D., et al (2003). Road ecology:
Science and solutions. Washington, DC: Island Press.

Galán-Acedo, C., Arroyo-Rodríguez, V., Cudney-Valenzuela, S. J., & Fahrig, L. (2019). A global assessment
of primate responses to landscape structure. Biological Reviews, 94, 1605–1618.

Grativol, A. D., Ballou, J. D., & Fleischer, R. C. (2001). Microsatellite variation within and among recently
fragmented populations of the golden lion tamarin (Leontopithecus rosalia). Conservation Genetics, 2, 1–
9.

Hess, T., Knox, J., & Daccache, A. (2013). What is the impact of infrastructural investments in roads,
electricity and irrigation on agricultural productivity? CEE Review 11-007. Collaboration for
Environmental Evidence. http://www.environmentalevidence.org/completed-reviews/what-is-the-
impactof-infrastructural-investments-in-roads-electricity-and-irrigation-on-agricultural-productivity.
Accessed 04.10.2020

Hetman, M., Kubicka, A. M., Sparks, T. H., & Tryjanowski, P. (2019). Road kills of non-human primates: A
global view using a different type of data. Mammal Review, 49, 276–283.

Hickey, J. R., Nackoney, J., Nibbelink, N. P., Blake, S., Bonyenge, A., et al (2013). Human proximity and
habitat fragmentation are key drivers of the rangewide bonobo distribution. Biodiversity and
Conservation, 22, 3085–3104.

IUCN. (2019). The IUCN Red List of Threatened Species (version 6.2). https://www.iucnredlist.org. https://
www.iucnredlist.org/en. Accessed 24-09-2020

Junker, J., Petrovan, S. O., Arroyo-Rodríguez, V., Boonratana, R., Byler, D., et al (2020). A severe lack of
evidence limits effective conservation of the world’s primates. BioScience, 70, 794–803.

Katsis, L., Cunneyworth, P. M. K., Turner, K. M. E., & Presotto, A. (2018). Spatial patterns of primate
electrocutions in Diani, Kenya. International Journal of Primatology, 39, 493–510.

Kleinschroth, F., Laporte, N., Laurance, W. F., Goetz, S. J., & Ghazoul, J. (2019). Road expansion and
persistence in forests of the Congo Basin. Nature Sustainability, 2, 628–634.

Lahm, S. A., Barnes, R. F. W., Beardsley, K., & Cervinka, P. (1998). A method for censusing the greater
white-nosed monkey in northeastern Gabon using the population density gradient in relation to roads.
Journal of Tropical Ecology, 14, 629–643.

Laurance, W. F., & Arrea, I. B. (2017). Roads to riches or ruin? Science, 358, 442–444.
Laurance, W. F., & Balmford, A. (2013). A global map for road building. Nature, 495, 308–309.
Laurance, W. F., Cochrane, M. A., Bergen, S., Fearnside, P. M., Delamônica, P., et al (2001). The future of

the Brazilian Amazon. Science, 291, 438–439.
Laurance, W. F., Albernaz, A. K. M., Schroth, G., Fearnside, P. M., Bergen, S., et al (2002). Predictors of

deforestation in the Brazilian Amazon. Journal of Biogeography, 29, 737–748.
Laurance, W. F., Croes, B. M., Tchignoumba, L., Lahm, S. A., Alonso, A., et al (2006). Impacts of roads and

hunting on Central African rainforest mammals. Conservation Biology, 20, 1251–1261.
Laurance, W. F., Goosem, M., & Laurance, S. G. W. (2009). Impacts of roads and linear clearings on tropical

forests. Trends in Ecology & Evolution, 24, 659–669.

72 Ascensão F. et al.

http://www.environmentalevidence.org/completed-reviews/what-is-the-impactof-infrastructural-investments-in-roads-electricity-and-irrigation-on-agricultural-productivity
http://www.environmentalevidence.org/completed-reviews/what-is-the-impactof-infrastructural-investments-in-roads-electricity-and-irrigation-on-agricultural-productivity
https://www.iucnredlist.org
https://www.iucnredlist.org/en
https://www.iucnredlist.org/en


Laurance, W. F., Sloan, S., Weng, L., & Sayer, J. A. (2015). Estimating the environmental costs of Africa’s
massive “development corridors”. Current Biology, 25, 3202–3208.

Linden, B., Foord, S., Horta-Lacueva, Q. J. B., & Taylor, P. J. (2020). Bridging the gap: How to design
canopy bridges for arboreal guenons to mitigate road collisions. Biological Conservation, 246, 108560.

Lokschin, L. X., Rodrigo, C. P., Cabral, J. N. H., & Buss, G. (2007). Power lines and howler monkey
conservation in Porto Alegre, Rio Grande do Sul, Brazil. Neotropical Primates, 14, 76–80.

Malhi, Y., Gardner, T. A., Goldsmith, G. R., Silman, M. R., & Zelazowski, P. (2014). Tropical forests in the
Anthropocene. Annual Review of Environment and Resources, 39, 125–159.

Maxwell, S. L., Fuller, R. A., Brooks, T. M., & Watson, J. E. M. (2016). Biodiversity: The ravages of guns,
nets and bulldozers. Nature, 536, 143.

Meijer, J. R., Huijbregts, M. A. J., Schotten, K. C. G. J., & Schipper, A. M. (2018). Global patterns of current
and future road infrastructure. Environmental Research Letters, 13, 064006.

Moraes, A. M., Ruiz-Miranda, C. R., Galetti Jr., P. M., Niebuhr, B. B., & Alexandre, B. R. (2018). Landscape
resistance influences effective dispersal of endangered golden lion tamarins within the Atlantic Forest.
Biological Conservation, 224, 178–187.

Nater, A., Mattle-Greminger, M. P., Nurcahyo, A., Nowak, M. G., de Manuel, M., et al (2017).
Morphometric, behavioral, and genomic evidence for a new orangutan species. Current Biology, 27,
3487–3498.e10.

Ng, L. S., Campos-Arceiz, A., Sloan, S., Hughes, A. C., Tfiang, D. C. F., et al (2020). The scale of
biodiversity impacts of the Belt and Road Initiative in Southeast Asia. Biological Conservation, 248,
108691.

Padgham, M., Lovelace, R., Salmon, M., & Rudis, B. (2017). osmdata. The Journal of Open Source Software,
2, 305.

Ribeiro, M. C., Metzger, J. P., Martensen, A. C., Ponzoni, F. J., & Hirota, M. M. (2009). The Brazilian
Atlantic Forest: How much is left, and how is the remaining forest distributed? Implications for
conservation. Biological Conservation, 142, 1141–1153.

Singh, M. (2019). Management of forest-dwelling and urban species: Case studies of the lion-tailed macaque
(Macaca silenus) and the bonnet macaque (M. radiata). International Journal of Primatology, 40, 613–
629.

Sloan, S., Supriatna, J., Campbell, M. J., Alamgir, M., & Laurance, W. F. (2018). Newly discovered orangutan
species requires urgent habitat protection. Current Biology, 28, R650–R651.

Suárez, E., Zapata-Ríos, G., Utreras, V., Strindberg, S., & Vargas, J. (2013). Controlling access to oil roads
protects forest cover, but not wildlife communities: A case study from the rainforest of Yasuní Biosphere
Reserve (Ecuador). Animal Conservation, 16, 265–274.

Tablado, Z., & D’Amico, M. (2017). Impacts of terrestrial animal tourism. In D. T. Blumstein, B. Geffroy, D.
S. M. Samia, & E. Bessa (Eds.), Ecotourism’s promise and peril: A biological evaluation (pp. 97–115).
Cham: Springer International.

Taylor, C. D., Schulz, K. J., Doebrich, J. L., Orris, G., Denning, P., & Kirschbaum, M. J. (2009). Geology and
nonfuel Mineral Deposits of Africa and the Middle East. U.S. Geological Survey Open-File Report 2005–
1294-E, 246 p.

Ukizintambara, T., & Thébaud, C. (2004). Assessing extinction risk in Cercopithecus monkeys. In M. E.
Glenn & M. Cords (Eds.), The guenons: Diversity and adaptation in African monkeys, Developments in
Primatology: Progress and Prospects (pp. 393–409). New York: Springer.

Van der Ree, R., Smith, D. J., & Grilo, C. (2015). Handbook of road ecology. Hoboken: John Wiley & Sons.
Vanthomme, H., Kolowski, J., Korte, L., & Alonso, A. (2013). Distribution of a community of mammals in

relation to roads and other human disturbances in Gabon, Central Africa. Conservation Biology, 27, 281–
291.

Visintin, C., van der Ree, R., & McCarthy, M. A. (2016). A simple framework for a complex problem?
Predicting wildlife–vehicle collisions. Ecology and Evolution, 6, 6409–6421.

Waterman, J. O., Campbell, L. A. D., Maréchal, L., Pilot, M., & Majolo, B. (2020). Effect of human activity
on habitat selection in the endangered Barbary macaque. Animal Conservation, 23, 373–385.

Winemiller, K. O., McIntyre, P. B., Castello, L., Fluet-Chouinard, E., & Giarrizzo, T. (2016). Balancing
hydropower and biodiversity in the Amazon, Congo, and Mekong. Science, 351, 128–129.

Zhao, X., Ren, B., Li, D., Garber, P. A., Zhu, P., et al (2019). Climate change, grazing, and collecting
accelerate habitat contraction in an endangered primate. Biological Conservation, 231, 88–97.

73No Planet for Apes? Assessing Global Priority Areas and Species...


	No Planet for Apes? Assessing Global Priority Areas and Species Affected by Linear Infrastructures
	Abstract
	Introduction
	Methods
	Species and Infrastructure Information
	Literature Review
	Questionnaire to Primatologists
	Detecting Priority Areas for Management
	Specific Risk to Impacts of Transportation Infrastructures

	Ethical Note
	Results
	Literature Review
	Questionnaire to Primatologists
	Priority Areas for Management
	Specific Risk of the Impact of Transportation Infrastructures

	Discussion
	Limitations of the Assessment
	Conclusions

	References


