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Transboundary Frontiers: An Emerging Priority
for Biodiversity Conservation
Jiajia Liu,1 Ding Li Yong,2 Chi-Yeung Choi,3 and Luke Gibson3,*
The world’s biomes and their associated ecosystems are artiﬁcially fractured by
geopolitical boundaries that deﬁne countries. Yet ‘transboundary’ landscapes
often overlap with biodiversity hotspots, contain surprisingly important ecosystems,
and provide critical habitats for threatened species. Notwithstanding, biodiversity in
these landscapes is increasingly imperiled by infrastructure, including walls and
fences along borders and cross-border roads that drive landscape fragmentation
and the loss of ecological connectivity. Associated problems due to reduced
governance (e.g., illegal wildlife trade) also undermine conservation efforts in
these important regions. In this review, we distinguish positive and negative effects
of transboundary frontiers on biodiversity conservation, discuss lessons from
existing frameworks, and identify scenarios that can maximize opportunities for
biodiversity conservation in transboundary frontiers.

Highlights
Transboundary frontiers overlap with important biodiversity areas and wildlife
habitats.
Biodiversity in transboundary frontiers is
threatened by construction of border
infrastructure.
Differences in land use and policy
between neighboring countries weaken
conservation efforts.
Transboundary conservation has focused
on large mammals, largely neglecting
other species.

The Importance of Transboundary Frontiers for Biodiversity Conservation

Strengthened coordination between
neighboring countries is needed to
ensure effective conservation across
international borders.

Transboundary frontiers are areas near to or bordering international political boundaries that deﬁne countries and territories, thus subjecting landforms like mountains, rivers, and lakes to differing sovereignties [1]. Many transboundary frontiers support exceptional levels of species
endemism [2,3] and play important roles in ensuring ecological connectivity (see Glossary)
by allowing the movement of wildlife populations. For example, over 62% of mammal species
in the Americas host populations which span international borders [4], and at least 76% of
African elephants (Loxodonta africana) are transboundary populations [5]. Transboundary frontiers in politically sensitive areas are often under strict military control with limited or no public access [6], whereas remote border areas located in environmentally heterogenous areas often
suffer from weak governance [3,7]. Consequently, biodiversity in these transboundary regions
is often understudied.
Transboundary frontiers are increasingly important towards biodiversity conservation due to
emerging issues that will drive substantial biodiversity loss [8,9]. First, in recent decades there
has been a rapid increase of physical barriers, including fences and walls, along international
borders [10,11], such as the US–Mexico border wall now under construction [12]. A recent estimate showed that in Eurasia, the total length of border fences already exceeds 30 000 km [11];
some of these structures are even visible from space (Figure 1). Second, there are increasing
numbers of planned projects to expand transboundary infrastructure, including cross-border
roads and railways. Third, biodiversity is increasingly threatened by illegal wildlife trade and
poaching in border areas with low enforcement [13,14] and by armed conﬂicts in politically
sensitive border areas [8,15]. Finally, climate change is expected to continue to drive shifts in
species distributions [16], pushing species across international borders where differences in
environmental policies could pose new threats [4,17]. Strengthening biodiversity conservation
at transboundary frontiers has thus emerged as a high priority for safeguarding ecological integrity
at the national, regional, and global scale [18].
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Figure 1. The Border between Pakistan (Left) and India (Right) Is Visible from the International Space Station on
August 21, 2011. The border is fenced and ﬂoodlit (orange line). (NASA Earth Observatory; https://earthobservatory.nasa.
gov/images/86725/india-pakistan-border-at-night).

A growing body of existing studies have emphasized the negative effects of physical barriers (or
‘linear infrastructure’) along borders on transboundary species, especially the effect of border
fences on populations of large transboundary mammals [2,8,11,19]. Yet, many important questions
remain unresolved given the complexity of border contexts. Speciﬁcally, the positive roles and conservation opportunities offered by transboundary frontiers, such as Korea’s Demilitarized Zone
(DMZ) [6], have been understated. While the impacts of infrastructure parallel to borders are well
documented, cross-border infrastructures (e.g., roads and railways) and their effects have been
poorly studied. In addition, associated problems with reduced governance in transboundary frontiers,
such as illegal wildlife trade, have received little conservation efforts. Moreover, beyond large mammals, little research has been directed towards other species with distributions spanning international
borders, including birds, amphibians, and plants [19]. Insights from existing work to conserve migratory species and coordinate management policies across borders are not well synthesized and so a
better understanding on biodiversity in transboundary frontiers is urgently needed.
Here, we examine transboundary frontiers and their role in strengthening biodiversity conservation,
or in driving its loss. We closely scrutinize positive and negative examples of how transboundary
frontiers affect biodiversity conservation. We then use case studies to demonstrate the circumstances needed to maximize opportunities for biodiversity conservation at transboundary frontiers,
thereby providing guidelines to foster transboundary development in a sustainable manner.

Positive Roles Played by Transboundary Frontiers in Biodiversity Conservation
Border Regions Often Overlap with Biodiversity Hotspots
Many transboundary landscapes are species rich because international borders often overlap
with mountainous terrain or other geologically complex landscapes, which naturally support high
richness and endemism. Of all terrestrial biodiversity hotspots, approximately one-third straddle
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Belt and Road Initiative (BRI): an
infrastructure development project by
China involving the expansion of land and
maritime transportation infrastructure
spanning more than 70 countries.
Border barriers: physical barriers built
near international borders, mainly for
security reasons.
Border fences: fences built along
international boundaries, in some cases
partly penetrable by small-bodied
species.
Border walls: walls built along
international boundaries, usually
impenetrable to humans and other
species.
Ecological connectivity: the degree
to which a landscape is connected and
how it facilitates movement among
resource patches.
Flagship species: a species serving as
an icon or symbol for a particular place or
habitat used to support conservation
efforts.
Habitat fragmentation: the process by
which a large expanse of habitat is
transformed into many smaller, isolated
patches.
Korea’s Demilitarized Zone (DMZ): a
250-km long, 4-km wide strip of land
that separates North and South Korea.
As one of the world’s most heavily mined
and fortiﬁed places, it is essentially
devoid of humans and also a haven for
biodiversity.
Political ecology: the study of the
relationship between political factors and
environmental issues.
The Iron Curtain: the barrier in Europe
dividing the Soviet Union and the West,
established at the end of World War II. At
its greatest length, it extended 7000 km
from the Barents Sea to the Black Sea,
comprising fences, walls, and
mineﬁelds. It was dismantled at the end
of the Cold War in the early 1990s.
Transboundary conservation:
cooperation between neighboring
countries to achieve conservation goals
of species or habitats which extend
across international boundaries.
Transboundary landscapes:
ecologically connected areas that
sustain ecological processes and cross
more than one international boundary.
Transboundary protected areas:
protected areas spanning the
boundaries of multiple countries; this
usually involves some form of
cooperation between neighboring
countries.
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international borders [20], including the Indo-Burma, Sundaland, Eastern Arc Mountains and
Coastal Forests of Tanzania and Kenya, Western African, and Mediterranean Basin hotspots
[21]. Similarly, the tripoint border of Peru–Bolivia–Brazil is in the middle of contiguous Amazonian
rainforest hosting high biodiversity, hitherto considered inaccessible [22]. Regions adjacent to the
international border between Myanmar and China [3] and between the US and Mexico also harbor high levels of endemic and endangered species [2]. Transboundary areas are also important
landscapes where the discovery of new narrowly distributed, endemic species, such as plants
[23], birds [24], amphibians, and reptiles [25], have occurred.

Transboundary species: species
which span the boundaries of multiple
countries.

A large number of transboundary areas lie in remote regions with high levels of ecological connectivity.
In the European Union, the largest roadless area lies in the border region between Sweden and
Finland; similarly, the border regions between Russia and Eastern European countries are mostly
devoid of roads [26]. An analysis of 23 countries in the Americas revealed that there is a greater
proportion and higher connectivity of protected areas near international borders than those far from
borders [27]. Therefore, these border areas often represent an opportunity for the conservation of
wide-ranging and migratory animals, but only if the intactness of these areas can be preserved.
Critical Refuges for Threatened Species
A large number of endangered megafauna species depend on the last remaining areas of habitat
in wild and remote transboundary landscapes, such as the eastern black crested gibbon
(Nomascus nasutus) found along the border between China and Vietnam and Amur tigers
(Panthera tigris altaica) found along the border between China and Russia [28–30]. In recent
decades, a growing number of case studies have shown population recoveries of formerly extirpated species due to recolonization from intact populations in adjacent countries. For example,
after an absence of 45 years, the sun bear (Helarctos malayanus) was rediscovered in border regions in China neighboring Myanmar, the source population [31]. In Sweden and Norway, gray
wolves (Canis lupus) were considered functionally extinct by the late 1960s [32]; in recent decades their populations have rapidly recovered and now exceed 260 individuals, due to
transboundary dispersal from Finland [33]. Amur tigers have suffered substantial population declines due to habitat loss and poaching in the last century [34], but after decades of conservation
efforts, they have recolonized the forests along the China–Russia border and their population has
increased [29]. To facilitate species recovery through natural colonization from adjacent countries, it is critical to maintain intactness and connectivity of their habitats (including across international borders), manage anthropogenic disturbance, and strengthen conservation efforts through
the establishment of transboundary protected areas.
Transboundary areas characterized by tightened military control, with the potential danger of
landmines and bombs, deter public access and thus create tangible opportunities for biodiversity
conservation. For example, the strictly controlled and heavily mined Korean DMZ harbors more
than 4000 species, including key populations of multiple threatened species (Box 1) [6]. Border
walls and fences can also prevent animal populations from crossing into countries with high
poaching pressures, while impeding poachers crossing into countries with high densities of target
species [35]. For example, the Asiatic wild ass (Equus hemionus) is effectively protected in
Mongolia since border fences have prevented poaching from Chinese hunters [36].
Opportunities for Collaborative Conservation
Transboundary landscapes provide opportunities for neighboring countries to collaborate on the
conservation of shared ecosystems and species and form a crucial step in reducing the costs of
conservation efforts. It was estimated that a fully coordinated conservation plan for 20 countries
in the Mediterranean Basin would save 45% compared to the total cost of an uncoordinated
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Box 1. Critical Transboundary Wetlands for Migratory Birds in Northeast Asia
The threatened tidal ﬂats of the Yellow and Bohai Seas comprises more than 7000 km of the coastlines of China and the
Koreas. This vast wetland ecosystem supports at least 3461 species, including 1069 benthic species and 339 ﬁsh
species, many of which are endemic to the tidal ﬂats ecosystem, and at least 2 million migratory waterbirds from more than
150 species [75]. Yet, more than two-thirds of these tidal ﬂats have been lost over the past 50 years, driving a rapid decline
in migratory shorebird populations across the East Asian-Australasian Flyway [76]. Juxtaposed against the widespread
habitat deterioration across the region, the transboundary areas between China and the Koreas remain relatively
undisturbed and provide a buffer and temporary haven for migratory birds and other wildlife.
The Yalu River demarcates the international border between China and North Korea on the northwestern fringes of the
Korean Peninsula. The riverine estuaries and abutting tidal ﬂats are important habitats for more than 225 000 migratory
waterbirds [77], and iconic species such as the near threatened bar-tailed godwit (Limosa lapponica) regularly use both
sides of this border. The Yalu River estuary also forms the most important refueling site for the endangered Eastern curlew
(Numenius madagascariensis) and great knot (Calidris tenuirostris) and the bar-tailed godwit during their northward migration [78]. The remoteness and political sensitivity of this frontier has kept much of its ecosystems relatively intact over the
last few decades, with many birds returning despite marked declines in food availability [79].
About 300 km to the south-east, the Demilitarized Zone (DMZ) forms a narrow 4 km-wide strip of undisturbed land between the Koreas and has been subjected to little human disturbance since the Korean War. Within the DMZ, more than
4432 species have been recorded, 68 of which are regarded as nationally endangered in South Korea, including the Eurasian otter (Lutra lutra) and Siberian musk deer (Moschus moschiferus) [6]. The DMZ also provides important migration
stopover and wintering habitats for the threatened red-crowned (Grus japonensis), white-naped (Antigone vipio), and
hooded cranes (Grus monacha) [80].
Combined, these two case studies demonstrate that in the absence of human activity, international borders can effectively
provide havens for wildlife and are especially important to threatened migratory birds.

plan [37]. Similarly, collaborative transboundary conservation efforts for the Nile River, which traverses 11 countries, would save 34% of the costs [38]. Moreover, international cooperation in conservation provides more accurate estimation of species populations for scientiﬁc research [30] and
can thereby facilitate the survival of species experiencing range shifts due to climate change [17].
International agreements in transboundary protected areas have helped to address speciﬁc
issues, including management of cross-border species, maintenance of critical habitats, and prevention of poaching. Recently, transboundary cooperation between India, Nepal, and Bhutan
have increased tiger populations by maintaining connectivity through habitat corridors between
source populations in India and neighboring countries [39]. Worldwide, the number of
transboundary protected areas has increased from 41 in 1985 to 207 in 2007, especially in
Europe (Figure 2). The Serengeti National Park–Maasai Mara National Reserve at the Tanzania–
Kenya border is one of the world’s most iconic transboundary ecosystems that provides habitat
for migrating species, including over a million wildebeest (Connochaetes taurinus), half a million
gazelle (especially Eudorcas thomsonii), and 200 000 plains zebra (Equus quagga) [40].

Negative Effects of Physical Infrastructure
Border Barriers (Infrastructure Parallel to Borders)
Border walls and fences in transboundary frontiers are often constructed for security purposes, mainly
in response to managing inﬂuxes of human migrants [41], large carnivores [35], or to control
the spread of wildlife disease [42]. For example, the 4053-km India–Bangladesh border and the
4710-km China–Mongolia border have been extensively fenced by wires or barbed wires [11,43].
Globally, the construction of walls, fences, and other barriers has affected over 47 000 km (N19%)
of the world’s terrestrial borders (Table S1 in the supplemental information online).
Border fences made of razor wires themselves can exacerbate direct pressures on wildlife. For
example, 21 wild ungulates were reported killed by the fence along a 178-km section of the
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Figure 2. Temporal Trends in Transboundary Protected Areas by Continent [84,85].

Slovenia–Croatia border over a 10-month period [10]. Wide-ranging megafauna, such as giraffes
(Giraffa camelopardalis) and African elephants, have also been found dead along fence lines [35].
More importantly, border walls and fences directly hamper and disrupt wildlife movement through
habitat fragmentation. An 11-year study revealed that none of 36 tracked wild ungulates
moved across the border between Mongolia and China [44], and red deer (Cervus elaphus) do
not cross the border between Germany and the Czech Republic [35]. However, there are
some instances where large predators, for example, African wild dogs (Lycaon pictus), are
known to improve their hunting success by chasing prey into fences [45]. By limiting the movement of terrestrial species, walls and fences impact wide-ranging and migratory transboundary
species that rely on habitats on both sides of an international border. Reduction in food, water,
and mating resources can drive a rapid population decline after the construction of border
barriers. In another example, a population of Kashmir markhor (Capra falconeri falconeri)
declined by nearly 60% since the construction of the 500-km fence between India and
Pakistan [8]. Some of these species are likely to suffer increased risk of extirpation after the
construction of barriers [12].
The negative inﬂuence of border barriers is not just limited to mammals, but has also been documented in a wide range of different taxa such as birds [36], amphibians [46], and insects [47]
(Figure 3). For example, the Zapata bladderpod (Physaria thamnophila) [2], the migratory
Trends in Ecology & Evolution, August 2020, Vol. 35, No. 8
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Figure 3. Global Map Showing Some Flagship Species Inﬂuenced by International Borders. Colored species icons are key transboundary species of
conservation concern, while black species icons are species mentioned in the text. Points reﬂect border regions at US–Mexico [12,36], South American countries [4],
Croatia–Slovenia [10,11], African countries [5,35], the Middle East [8], India–Pakistan [8], China–Mongolia [44], China–Russia [29,34], South Korea–North Korea [6],
and other tropical Asian countries [13,57–60]. Abbreviations: DMZ: Demilitarized Zone.

monarch butterﬂy (Danaus plexippus) [47], the arroyo toad (Anaxyrus californicus), and blackspotted newt (Notophthalmus meridionalis) are all threatened as a result of barrier construction
along the US–Mexico border [8].
The legacies of physical barriers such as walls and fences on biodiversity can persist long after
they are removed, extending for decades or even centuries. For example, red deer do not
cross former boundary lines of the Iron Curtain even 25 years after its complete removal [35].
Similarly, China’s Great Wall has reduced genetic diversity of six native plants [48], while border
barriers between Finland and Russia have resulted in signiﬁcant population differentiation of
wolves [49].
Cross-Border Infrastructure
Transport roads and railways are major drivers of deforestation and biodiversity loss. In the frontier region spanning Peru, Bolivia, and Brazil, trans-oceanic highways are some of the most environmentally destructive roads in tropical forests [50]. Unfortunately, roads and railways are
becoming increasingly prevalent in transboundary areas. For example, China’s Belt and Road
Initiative (BRI), one of the largest infrastructure projects in the world spanning 72 countries, is
projected to stimulate a boom of transportation and energy infrastructure [51]. These largescale infrastructure constructions, if planned without thorough consideration of their environmental impact, could become a major driver of ecological change such as species invasion and extinctions [50,52]. The boom in transportation infrastructure to access mineral and timber
resources worldwide has now penetrated even some of the world’s most remote areas of tropical
684
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forests, such as the border regions between Indonesia and Papua New Guinea [53]. Moreover,
roads are essentially deforestation frontlines that can alleviate the extinction risk of megafauna
species in pristine, little-disturbed wildernesses, including the recently discovered Tapanuli
orangutan (Pongo tapanuliensis), one of the world’s rarest apes [54]. Meanwhile, the construction
of energy infrastructure such as megadams on transboundary rivers such as the Mekong poses a
major threat to both terrestrial and aquatic biodiversity [55]. Yet, dam construction is booming
along the world’s transboundary rivers, fragmenting freshwater ecosystems and impeding the
movement of ﬁsh and freshwater mammals. Globally, only 37% of the long rivers (N1000 km) remain free-ﬂowing [56], and a rapid escalation in dam construction in the Greater Mekong region
threatens biodiversity across many international borders within Southeast Asia [7].
The effect of cross-border infrastructure on large-bodied transboundary mammal species has
far-reaching consequences on ecosystem processes and functioning. For example, in the
Serengeti–Maasai Mara ecosystem that spans Kenya and Tanzania, fences near the international
border have been expanded. This has, in turn, squeezed wildlife into the protected areas’ core
zones, which has altered local nutrient cycles through reduced soil carbon storage, nitrogen ﬁxation rates, and primary productivity [40].
Associated Problems Due to Weak Governance
Remote border areas that suffer from limited government enforcement are often hotspots of illegal wildlife trade, particularly in Southeast Asia. From 1993 to 1996, about 2.3–29.3 tons of wildlife per day were imported into China’s Guangxi province from Vietnam, including many of China’s
national protected species [57]. Illegal wildlife trade affects many species and their parts (ivory and
elephant parts [58], tigers and other cats [13], primates [59], and pangolins [60]) and is particularly
prevalent on the borders between Myanmar and China, Myanmar and India, and Laos and China
[13,57,60].
The illegal timber trade also proliﬁcally traverses international borders, such as that along the
China–Russia border, which may result in substantial loss of large old trees [61]. The illegal
trade of plants has been overlooked by most conservationists, but a massive trade of wild
plant resources threatens biodiversity in transboundary regions, especially for orchids [62].
Surveys conducted in the four largest wildlife markets in Thailand identiﬁed 347 orchid species,
many of which are endangered [14].
Border regions are also prime locations for poaching and illegal hunting. Between 2012 and 2014,
more than 1670 rhinos (Ceratotherium simum) were killed by poachers in the Greater Kruger
transboundary area of South Africa [63]. A study in China’s Mengsong district in Yunnan, close
to the border with Myanmar, revealed that hunting caused a 20% decline in bird species richness
within just 12 years [64].
Transboundary efforts to conserve networks of protected areas can be weakened and compromised
by different national priorities and political will and many examples exist in Asia [65]. For example,
effective conservation of the ‘Heart of Borneo’, a large, transboundary landscape spanning Brunei,
Indonesia, and Malaysia, is undermined by weak governance, lack of transboundary cooperation,
and infrastructure development along the international borders between the three countries (Box 2).

Scenarios That Inﬂuence Biodiversity Conservation at International Borders
Many ecosystems at transboundary frontiers continue to face tremendous pressures, particularly
from anthropogenic disturbance and political instability, and thus weak environmental
governance. Here, we synthesize examples of transboundary frontiers that we consider as
Trends in Ecology & Evolution, August 2020, Vol. 35, No. 8
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Box 2. Heart of Borneo (HoB): A Transboundary Forest Landscape under Threat
Straddling the territories of three countries (Brunei, Indonesia, and Malaysia), Borneo occupies one of Southeast Asia’s
four biodiversity hotspots that supports intact forests (e.g., Figure I) and numerous ﬂagship megafauna species [21]. However, land-use change through agricultural expansion and logging, accentuated by recent increased frequency and intensity of forest ﬁres, has destroyed nearly half of Borneo’s forest cover (only c. 53% forested in the early 2010s). Today, the
largest remaining areas of old-growth forests are found in the island’s rugged interior. Signed into action by the three governments in 2007, the HoB is a trilateral initiative with the goal of conserving Borneo’s remaining tracts of interior forests
and, by extension, the island’s main watersheds. Speciﬁcally, the initiative aims to facilitate transboundary cooperation between the three countries to: (i) conserve existing protected areas in HoB, and (ii) promote sustainable management of forests and other resources [81]. By spurring governments to conserve a third of Borneo’s forest cover, the initiative has the
potential to limit further forest fragmentation and restore the connectivity of existing protected areas.
Transboundary conservation of Borneo’s forests is, however, fraught with major challenges. These include: (i) the difﬁculty
in implementing conservation due to complex and different governance structures linking higher-level bureaucracies and
local government units in each country, and (ii) the lack of supporting institutions and a clear framework to guide
transboundary cooperation and coordination actions [82]. Underlying this is the divergent political buy-in and development
interests of the three sovereign states. Furthermore, much of the forest cover in HoB remains within production forests and
mining concessions [81]. Finally, government plans are also in place to boost infrastructural development along the international borders of the three countries within the HoB, particularly through road construction to strengthen border security
and promote economic development. For instance, 1920 km of new roads, including border roads, are planned or in construction in Kalimantan, ﬂanking the Malaysia–Indonesia border [83]. In 2019, Malaysia announced the construction of further roads along Sarawak–Kalimantan, partly in response to Indonesia’s plan to relocate its capital to East Kalimantan. As
these projects progress, further fragmentation and degradation of forests will undermine the efforts of HoB and will encourage further encroachment, poaching, and agricultural development in a region that was once inaccessible and off limits.

Trends in Ecology & Evolution

Figure I. Ulu Temburong National Park of Brunei. Bordering the Malaysian state of Sarawak, this is a biodiversity
haven in the Heart of Borneo under threat of increasing anthropogenic disturbances. Photo by Lim Kim Keang.

conservation friendly and contrast them with frontiers that are hostile to biodiversity conservation,
paying close attention to the physical and socio-economic contexts that characterizes these
transboundary landscapes.
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Conservation-Friendly Transboundary Frontiers
Biodiversity-friendly transboundary frontiers are characterized by strong enforcement of conservation legislation, collaborative transboundary conservation efforts, and tend to show few largescale border barriers. Recovery of flagship species from the brink of extinction has occurred following the establishment of transboundary protected areas. Amur tigers, one of the world’s most
threatened species, returned to China after the establishment of the Northeast Tiger and Leopard
National Park, which is linked to the Land of the Leopard National Park in Russia [29]. The local
population of mountain gorillas (Gorilla beringei beringei) has increased from 250 to 480 in
30 years after the establishment of transboundary protected areas that straddle the frontiers of
the Democratic Republic of Congo, Rwanda, and Uganda [18]. In addition to such ﬂagship
species, establishment of these transboundary protected areas directly beneﬁt other taxa,
while maintaining integrity of the associated ecosystems and biomes. There is an increasing
need for transboundary protected areas to secure biomes with high biodiversity that are currently
fragmented by international borders.
Species that occur across transboundary areas, whose habitat ranges extend beyond the border
of one single country, can be managed through a borderless-conservation approach through
various legal frameworks for cross-border cooperation. For example, a regional agreement
among Southeast Asian countries has reduced the cross-border smuggling of tigers [18]. The
conservation success of large carnivores in Europe’s modern human-dominated landscapes
has beneﬁted from transboundary management [33]. Similarly, efforts and frameworks to coordinate biodiversity conservation across transboundary frontiers can ensure movements of elephants and thereby preserve the connectivity of populations in African countries [5].
Conservation-Hostile Transboundary Frontiers
Conservation-hostile frontiers generally have extensive linear infrastructure, such as border walls,
fences, and roads. Unfortunately, the number of security fences along borders is increasing
rapidly [11]. In addition, many countries are undergoing rapid economic growth and rushing to
build cross-border roads, in the process carving up and fragmenting remaining wilderness
areas adjacent to transboundary frontiers.
Armed conﬂicts and insurgencies are particularly common in biodiverse border regions. Frontier
regions of Myanmar, Colombia, and Indonesia, the border region between Israel, Jordan, and the
Palestinian Territories [15], and among several African countries [66] have all experienced armed
conﬂicts in recent decades [67]. Bombs, ﬁres, chemical weapons, and landmines deployed
during armed conﬂicts can kill wildlife, while severely damaging natural vegetation. For example,
military herbicides such as ‘Agent Orange’ defoliated 14% of Vietnam’s biodiverse forests
during the Vietnam War, resulting in rapid environmental degradation and biodiversity loss
[68]. Unfortunately, the number of conﬂicts at border regions has not decreased in recent
years and continues to afﬂict frontier regions such as Crimea (Russia–Ukraine) and Kashmir
(India–Pakistan), with severe implications for biodiversity [8,69]. Given the negative impacts of
these armed conﬂicts on species conservation, combined with the increased likelihood of
infrastructure development at border regions as a result of military confrontation, these scenarios
are expected to result in a loss of biodiversity.

Future Outlook for Biodiversity Conservation in Transboundary Frontiers
Strengthening Biodiversity Inventories
Biodiversity and ecosystems at transboundary landscapes have historically been less studied,
inventoried, or monitored than elsewhere, mainly due to inaccessibility, political instability, and
tight military control. Until recently, there have only been a handful of examples of biodiversity
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surveys targeting transboundary frontiers, such as the tiger surveys in border regions between
India and Nepal [39] and between Russia and China [29]. Most of these surveys focused on ﬂagship large-bodied transboundary species; systematic, comprehensive surveys on whole communities are urgently needed [19]. To facilitate biodiversity surveys and advance conservation efforts
in these transboundary regions, new technology could be deployed. For example, remote sensing technology can be used to monitor forest dynamics in inaccessible or sensitive border regions. Camera traps can be used to detect the abundance of large carnivores and monitor
their behavior and ecology [29,34,39]. Coordinated biodiversity surveys between neighboring
countries would help to avoid underestimating or overestimating species abundance [28,30].

Outstanding Questions

Minimizing the Negative Effects of Infrastructure Construction
Walls, fences, and other barriers, as well as associated linear infrastructure, can be expected to increase in extent at international borders worldwide. Notwithstanding, it is therefore necessary to critically assess the effect of border infrastructure on biodiversity before implementing such infrastructural
projects. For example, remote border regions are often the last refuges for many megafauna species
[28–30]. Therefore, road construction and other infrastructure development should be minimized in
these sites to ensure that ample habitat remains to support these threatened species [2,70]. It is suggested that biodiversity conservation should be a core value guiding China’s BRI, to promote
transboundary conservation activities in order to ensure no net loss of biodiversity [71]. If construction
is unavoidable, it will be necessary to consider the incorporation of biodiversity-friendly designs to minimize or mitigate their impacts on species living in or crossing those same boundaries [12]. Fortunately, many strategies already exist: ﬁsh channels in dams, gaps in walls or fences, wildlife bridges
or tunnels across roads. For example, managed gaps in walls could allow species to cross international borders, facilitating the long-term persistence of important species.

What kind of science-policy scenarios
can facilitate biodiversity conservation
in transboundary frontiers?

Strengthening Transboundary Conservation Efforts
Different protection policies for endangered species, differing environmental values across countries, and differences in land-use policies all play roles in driving biodiversity loss at transboundary
landscapes [72]. Therefore, collaborative frameworks through bilateral or multilateral instruments
are needed to advance the conservation of species and ecosystems that traverse international
borders. For instance, the signing of the Leticia Pact by Bolivia, Brazil, Colombia, Ecuador,
Guyana, Peru, and Suriname has provided a crucial transboundary collaboration opportunity to
avert biodiversity loss in the Amazon [73]. Numerous cross-border instruments to govern
transboundary conservation are in place, or being developed. For example, the Convention on
Migratory Species has facilitated migrations of large herbivore species among countries in Central
Asia [11]. At last, conservation success largely depends on effective governance [20] and this is
expected to include the establishment of transboundary protected areas, as well as increased
communication between site managers of transboundary protected areas [74].

Concluding Remarks and Future Perspectives
Our synthesis shows that while transboundary frontiers provide critical habitats for threatened
and endemic species, they are increasingly threatened by: (i) construction of physical barriers,
including fences, walls, roads, and associated linear infrastructure; (ii) cross-border infrastructure
associated with rapid economic development; and (iii) illegal and unsustainable wildlife trade and
poaching as well as armed conﬂicts associated with weak governance. Recognizing the inherent
potential for strengthening ecological connectivity across frontier landscapes, transboundary
conservation deserves more attention from policymakers and scientists (see Outstanding
Questions). Insights to manage these landscapes may also be drawn from multidisciplinary ﬁelds
such as political ecology. Notwithstanding, we propose that effective transboundary conservation must adopt a few basic principles, including: (i) the avoidance of infrastructure development
688
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Where are hotspots for transboundary
biodiversity conservation?
Which species are most likely to be
inﬂuenced by infrastructure development
in transboundary frontiers?
Apart from border fences and walls, what
are key impediments to transboundary
biodiversity conservation?

Trends in Ecology & Evolution

that breaks ecological connectivity (e.g., fences, roads) and whenever unavoidable, the incorporation of biodiversity-friendly strategies; and (ii) the establishment of transboundary protected
areas in regions of high conservation importance, which can be guided by clear frameworks for
international cooperation. These strategies will help to ensure the continued survival of biodiversity in transboundary landscapes and the movement of wildlife across international boundaries in
the face of climate and land-use changes at the global scale.
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