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Abstract: China’s Belt and Road Initiative (BRI) sets to create connections and build infrastructure across
Eurasia, Asia, and parts of the African continent in its initial phase and is the largest infrastructure project
of all time. Any infrastructure project on this scale will necessarily pass through ecofragile regions and key
biodiversity areas (KBAs). This creates an imperative to identify possible areas of impact and probable effects
on conservation values to facilitate adaptive planning and to mitigate, minimize, or avoid impacts. Using
the bighest resolution route maps of the BRI available, I overlaid the proposed road and rail routes on KBAs,
protected areas, and predicted biodiversity hotspots for over 4138 animal and 7371 plant species. I also
assessed the relationship between the proposed route with the distribution of mines across BRI countries and
the proportion of deforestation and forest near routes. Infrastructure, especially mining, was clustered near
the proposed route; thus, construction and development along the route may increase the size and number of
mines. Up to 15% of KBAs were within 1 km of proposed railways. Thus, planned and probable development
along the routes may pose a significant risk to biodiversity, especially because the majority of KBAs are
unprotected. Many biodiversity hotspots for different taxa were near the route. These hotspots varied between
taxa, making systematic management and environmental impact assessments an effective strategy for at
least some taxa. A combination of planning and mitigation strategies will likely be necessary to protect the
most important areas for biodiversity proximal to development, especially in currently unprotected KBAs and
other regions that need protection. A fuller assessment of trade-offs between conservation and other values
will be necessary to make good decisions for each project and site being developed, including potentially
modifying parts of the route to minimize impacts. Modification or foregoing of infrastructure may be needed
if stakebolders consider the conservation costs too bigh.
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Conocimiento y Reduccion de los Impactos Ambientales de la Iniciativa del Cinturén y Ruta

Resumen: La Iniciativa del Cinturon y Ruta (BRI, en inglés) de China busca crear conexiones y CONstruir
infraestructura a lo largo de Eurasia, Asia y partes del continente africano en su fase inicial y es el proyecto
infraestructural mds grande de todos los tiempos. Cualquier proyecto infraestructural a esta escala pasara
obligatoriamente a través de regiones con fragilidad ecologica y dreas importantes para la biodiversidad
(KBA, en inglés). Esto genera una necesidad por identificar las dreas de posible impacto y los efectos prob-
ables sobre los valores de conservacion para facilitar la planeacion adaptativa y mitigar, reducir o evitar
los impactos. Usé los mapas de ruta de la BRI con la mayor resolucion disponible para sobreponer las
rutas propuestas de ferrocarriles y carreteras sobre las KBA, las dreas protegidas y los puntos calientes de
biodiversidad pronosticados para mds de 4138 especies de animales y 7371 especies de plantas. También
evalué la relacion entre la ruta propuesta con la distribucion de minas a lo largo de los paises en la BRI
y la proporcion de deforestacion y bosques cerca de las rutas. La infraestructura, en especial la de minas,
estuvo agrupada cerca de la ruta propuesta; por lo tanto, la construccion y el desarrollo a lo largo de la ruta

Article impact statement: Mitigating consequences to biodiversity of the largest ever global infrastructure project requires site-based solutions

and impact assessment.
Paper submitted September 27, 2018; revised manuscript accepted February 13, 2019.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction

in any medium, provided the original work is properly cited.

Conservation Biology, Volume 33, No. 4, 883-894

© 2019 The Authors. Conservation Biology published by Wiley Periodicals, Inc. on behalf of Society for Conservation Biology.

DOI: 10.1111/cobi. 13317


https://orcid.org/0000-0002-4899-3158
http://creativecommons.org/licenses/by/4.0/

884 Belt and Road Initiative

podrian incrementar el tamaiio y el niimero de minas. Hasta el 15% de las KBA estarian dentro de 1 km de
distancia de las vias ferrocarrileras propuestas. Ast, el desarrollo planeado y probable a lo largo de las rutas
puede presentar un riesgo significativo para la biodiversidad, especialmente porque la mayoria de las KBA
no estd protegida. Muchos puntos calientes para la biodiversidad estdn cerca de la ruta. Estos puntos calientes
variaron entre taxones, lo que bace que el manejo sistémico y las evaluaciones de impacto ambiental sean
una estrategia efectiva para por lo menos algunos taxones. Una combinacion de estrategias de planeacion
y mitigacion probablemente serd necesaria para proteger las dreas mds importantes para la biodiversidad
proximas al desarrollo, especialmente en las KBA que actualmente se encuentran sin proteccion y en otras
regiones que requieren proteccion. Una evaluacion mds completa de compensaciones entre la conservacion y
otros valores serd necesaria para tomar buenas decisiones para cada proyecto y sitio en desarrollo, incluyendo
la potencial modificacion de partes de la ruta para reducir los impactos. La modificacion o renuncia a la
infraestructura puede ser necesaria si los accionistas consideran que los costos de conservacion son demasiado
elevados.

Palabras Clave: biodiversidad, China, deforestacion, evaluacion de impacto ambiental, infraestructura,
sustentable
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Introduction

The Belt and Road Initiative (BRI) promises to be the
largest infrastructure project in human history, valued
over US$8 trillion by 2049, spanning possibly 72 coun-
tries (>7000 projects contracted in 2017) (MOFCOM
2017; Kirchherr et al. 2018). However, development nec-
essarily entrains significant risks for biodiversity. Mecha-
nisms of impact fall into 5 main classes: direct or resource
destruction to build roads and associated infrastructure
(Laurance et al. 2009; Tracy et al. 2017); raw material
extraction for building roads or supplying resources for
new human population centers (e.g., power supply)
(Zapata & Gambatese 2005); increased access to natu-
ral resources (and wildlife) due to greater accessibility
along the route (Espinosa et al. 2014); habitat fragmenta-
tion due to road construction (Hughes 2018); increased
roadkill (Coffin 2007); and increased wildlife traffick-
ing due to increased regional connectivity (Bush et al.
2014).

Thus, infrastructure expansion must be considered
carefully to ensure minimal negative impacts on bio-
diversity (Tracy et al. 2017). Trade-offs exist between
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economic and ecological values. When economic gains
entail significant biodiversity loss, stakeholders must con-
sider the options and, in some cases, plan effect mitiga-
tion or alternative solutions that avoid impacts. Delib-
erative decision-making tools for multivariate problems
are well established and can help reduce impact asso-
ciated with infrastructure development (Gregory et al.
2012). The first step is to identify where these im-
pacts may occur so that all planning options can be
considered.

Impact pathways entail varied effects across scales
(Table 1), and estimating the outcome of each requires
approaches that account for these issues on an appro-
priate scale. I focused on gauging the impacts of direct
destruction along the BRI planned route (first-order con-
sequences), although areas beyond the road area itself
will be effected (many in the Economic Belt surrounding
the route) and vulnerable to development (second-order
consequences [e.g., deforestation]) (Table 1).

Most studies on potential BRI impacts have relied on
data that lack the spatial accuracy necessary to mean-
ingfully measure impact (Kirchherr et al. 2018) and de-
vise mitigation strategies. For example, many researchers
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Table 1. Direct drivers of biodiversity loss (raw material extraction, access, road kill, fragmentation) and first- and second-order consequences of
linear infrastructure development (supportive and related infrastructure [power generation, agriculture, mineral exploitation, connectivity]).

Raw material

Direct driver extraction Access Roadkill Fragmentation
Loss of habitat destruction of karst collection of road kill of terrestrial shrinking patch sizes
for cement NTFPS“ species crossing or
following route
Degradation of nearby sand mining hunting road kill of arboreal disrupting migratory
forest regions species forced to climb routes
down to transverse
route
Loss of key sites for water diversion collection of attraction of predators to limit genetic
diversity or endemic ornamental roadkill also killed connectivity
species species
logging access to formerly increased edge effect
insulated
populations
unable to maintain
minimum viable
population
changes in flow regime
and runoff
changes in thermal and
humidity profile
Mineral
Power generation Agriculture exploitation Linear connectivity
Reservoir construction exploitation of previously mining wildlife trade
inaccessible areas
Increases in pollution from chemical pollution water pollution spread of invasive
coal species
Downstream floods effluents into water courses soil compaction spread of disease
Downstream droughts irrigation, changes in flow landslide human migration
probability
Downstream saline changes in fire regime or
incursion vulnerability
Death of flying species from increased erosion and soil
wind farms loss

Changes in seismicity
Natural gas exploitation

Note: Some implications fall under multiple drivers, but bave only been listed under the likely primary driver.

“ Non-timber forest products.

used IUCN data even though IUCN explicitly advises
against generating hotspots maps from overlain species
ranges (JUCN 2018) because many are based on regional
or national checklists that cannot represent fine-scale bio-
diversity patterns. I circumvented these problems by us-
ing the most up-to-date maps of proposed routes (routes
did not differ by >600 m) and carefully developed species
distribution models for areas of greatest biodiversity.
Thereby, I sought to determine where most biodiversity
could be lost and how loss might be managed, mitigated,
or avoided. Management is especially crucial in relatively
undisturbed areas (e.g., northern areas relatively pristine)
(Foggin 2018; Lechner et al. 2018).

Major portions of the route are funded and under con-
struction, underlining the urgency of identifying poten-
tial impacts for which mitigation or avoidance should
be planned. Development has halted along portions of

the route for economic or political reasons (Dasgupta
& Pasricha 2017; Associated Press 2018; VOA Learning
English 2018), suggesting changes are possible. For in-
stance, although most tropical Southeast Asian routes
are not finalized, existing road routes will likely be
used and expanded. New rail connections are proposed
across the region (https://www.nomadicnotes.com/
southeast-asia-rail-map/) that often traverse undeveloped
areas or require substantial additional development to
accommodate larger traffic volumes. I seek to promote
discussions and enable biodiversity values to be consid-
ered in planning alongside social and economic factors.
China is using the BRI to further its global connections.
Initial land and maritime routes (Fig. 1) will significantly
affect regional biodiversity, as will the ports that interface
between them, especially around the Yellow Sea, where
there is essential breeding and stopover habitat for many
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Figure 1. Areas of mining activity mapped along the Belt and Road Initiative (BRI route: (map) mine density
(purple, low; green, medium, yellow, bigh; orange lines, roads; green lines, rail) and (graph) distance of mines
Jfrom the proposed BRI roads and rails (detailed in [a]).

Conservation Biology
Volume 33, No. 4, 2019



Hughes

birds that use the East Asian Australasian Flyway (Li et al.
2019). However, I focused on terrestrial BRI routes due
to their higher certainty and ease of quantification. Mech-
anisms to minimize, mitigate, or avoid potential negative
impacts are of immediate conservation relevance because
development is underway for large parts of the BRI.

I used high-resolution GIS data to explore potential
impacts of the BRI across all mapped land routes and
considered how to reduce impact on key regions and
scalable approaches to minimize threats to biodiversity.
Although diverse consequences will stem from the devel-
opment of new infrastructure, I focused on quantifying
the spatial footprint of the routes on biodiversity based on
mappable facets of biodiversity and other environmental
correlates of biodiversity.

Methods

Reliable, accurate maps of the BRI are almost nonexistent.
I collated data from 3 sources to create the most extensive
and accurate compilation of roads, rail, and pipelines pos-
sible, although pipelines proved too uncertain to allow
detailed analysis. Where routes were vague (i.e., northern
Russia), I combined topographic and city maps (listed as
BRI cities by various sources [Supporting Information])
to develop high-resolution route maps. These road- and
rail-route data were intersected with protected and key
biodiversity areas (KBAs). I used Hughes’ (2017a) high-
resolution models of species richness (11,509 Southeast
Asian species, 6,173 orchids, 1,706 reptiles, 308 mam-
mals, 304 amphibians, 1,820 birds, 1,198 nonvascular
plants, and Old World bat models). I also examined the
relationship between mine density and the BRI route
(Supporting Information).

Results

Key Biodiversity and Protected Areas

The potential impact on KBAs varied; routes transected
KBAs in some areas (Supporting Information). On av-
erage, 17% of KBAs were within 50 km of proposed
roads and 60.6% were within 50 km of proposed rail
routes (Table 2). Proposed railways were especially
close to KBAs (19.9% within 7 km of a proposed rail
route).

Many KBAs are unprotected; a smaller proportion of
PAs were near the route than KBAs (Table 2). In con-
trast to KBAs, more PAs were near roads (13.5% within
50 km) than railways (6.8% near) and as large an area
was protected within 30 km of roads (6.7%) as within
50 km of rails (Supporting Information). Much of Africa
was particularly at risk from new routes intersecting PAs
(Supporting Information).

887

Table 2. Number and percent area of key biodiversity areas (KBAs)
and protected areas (PAs) within 5 distances from proposed road and
rail routes of the Belt and Road Initiative.

Feature and

distance (kRm) No. KBAs  KBA area (%) PA area (%)
Rail

1 440 14.9 0.1

7 477 19.9 0.6
14 580 27.5 1.3
30 830 40.2 3.0
50 1218 60.6 6.8
Road

1 937 0.2 0.0

7 1164 1.9 1.1
14 1458 4.0 3.0
30 1957 8.6 6.7
50 2348 17.1 13.5
Mapped Biodiversity

With the exception of bats, intersectional analysis of
biodiversity hotspots and proposed routes could be
conducted only for tropical Southeast Asia (Supporting
Information).

With 25-49% of maximum diversity from Maxent pre-
dictions of species occurrence, 34% of important areas for
mammals (least 25% of maximum richness) were within
50 km of roads in mainland Southeast Asia (Supporting
Information), with 5% within 7 km of roads. More diverse
areas, although smaller, had lower proportional overlap
with proposed routes close to areas with up to 75% of
maximum diversity. For areas with 50% of maximum di-
versity, mammals had the greatest vulnerability; up to
8.3% of these regions were within 50 km of proposed
roads (Table 3).

Birds were most vulnerable to railways; almost 29% of
regions with up to 25% of maximum diversity were within
50 km of railways, and 5% of maximum-diversity hotspots
were within 7 km of railways, over double that of other
taxa. For higher levels of diversity (50-74% maximum
diversity), mammals were more vulnerable; 3.2% of such
areas were within 50 km of railways.

At a country level (Supporting Information), Cambodia
and Vietnam had the highest proportion of areas with the
greatest diversity (75-100% highest mammal diversity)
near proposed railways (46.9% and 25.6%, respectively).
Only in Thailand and Cambodia proposed railways bi-
sected the most diverse areas for mammals. Patterns var-
ied dramatically across taxa. For example, for birds 16%
of the most diverse areas and 38.4% of hotspots within
the 50-km road buffer were in China. Malaysia had 9.4%
of the most diverse bird areas and 22.6% of hotspot areas
within the buffer. Vietnam had 23.8% of the most diverse
areas for birds, and 51% of those areas were within the
railway bulffer.

For Amphibians only a small proportion of the most
diverse areas fell within the road route, but of these 84.7%
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Table 3. Percentage of diversity hotspots for 7 taxa within 5 different distances (1-50 km) of proposed Belt and Road Initiative rail and road routes.

Road Rail
Taxon Species richness (%) 1 7 14 30 50 1 7 14 30 50
Reptiles 25 0.5 2.7 2.6 4.2 5.6 0.6 4.2 4.5 7.9 11.8
50 0.1 0.4 0.4 0.7 0.9 0.1 0.7 0.8 1.5 3.2
75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Orchids 25 0.4 1.8 1.6 29 4.8 0.4 2.1 2.0 4.1 7.6
50 0.1 0.3 0.1 0.1 0.3 0.1 0.2 0.2 0.2 0.3
75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amphibians 25 0.1 0.5 1.0 23 4.9 0.1 0.5 1.0 23 4.9
50 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.1 0.1
75 0.0 0.0 0.0 0.0 0.0 0.0
Birds 25 0.5 3.5 6.2 10.6 17.1 0.6 4.1 7.9 14.9 28.5
50 0.1 0.4 0.6 0.8 1.2 0.1 0.5 0.9 1.3 2.1
75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mammals 25 0.6 4.8 9.7 18.4 34.0 0.2 1.8 3.7 7.0 13.0
50 0.1 0.6 1.4 3.4 8.3 0.0 0.2 0.5 1.3 3.2
75 0.0 0.0 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.1
Pteropus* 25 0.1 1.0 1.8 3.2 5.2 0.1 1.0 1.8 3.2 5.2
50 0.0 0.1 0.1 0.3 0.4 0.0 0.1 0.1 0.3 0.4
75 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bats* 25 0.2 1.2 2.3 4.2 7.1 0.2 1.2 2.3 4.2 7.1
50 0.0 0.3 0.7 1.3 2.4 0.0 0.3 0.7 1.3 2.4
75 0.0 0.1 0.1 0.2 0.4 0.0 0.1 0.1 0.2 0.4
" Old-World model.

Table 4. Major options for increasing sustainability along the Belt and Road Initiative route and results of inaction.

Sustainability measures

Results of failure to enact adequate protect

Sustainable sourcing of energy and resources to build
the BRI
Offset carbon release by afforestation along the route

Protect key sites and fragile ecosystems (i.e., KBAs
within 50 km of any proposed route)

Develop partnership agreements and guarantees that
state key criteria should be developed to prevent
unsustainable use and implement spell out (EIAs)

Develop mechanisms for international oversight on EIAs

Adhere to host and developer countries’ relevant
environmental regulations

Tight screening and controls of the movement of goods
(i.e., wildlife) will be needed across the route

continued reliance on fossil fuel and increased emissions

development of dams and other forms of supportive
energy generation
further fragmentation and forest loss along the route

fragile ecosystems destroyed or exposed to
unsustainable use (forest, karst)

protocols to prevent the development or destruction of
diverse ecosystems

weak or no EIAs and no mechanism for oversight

increased trafficking of wildlife along the route

of the richest areas within the buffer area occurred in
Indonesia. For railways Amphibians in Lao appeared the
most vulnerable; 53.2% of the most diverse areas were
within the buffer.

For reptiles 59.8% of the most diverse areas within the
road buffer (17.5% of the most diverse areas) were in
Thailand. In contrast, 40.4% of the most diverse areas
within 50 km of railways were in India (30%, Thailand;
23%, Malaysia). For orchids in China, 90.7% of hotspots
were within road buffer (50.2% of the total) and 85.5% of
hotspots were near railways (11% of total).

Bats were the only group mapped for the entirety of
tropical regions of the BRI; Southeast Asia appeared dis-
proportionately vulnerable. Within road buffers, 77% of
the most diverse areas were in Malaysia for bats overall
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(equivalent to 33% of total hotspots for bats). For rail, bats
in Lao were most vulnerable; 36.9% of the most diverse
areas were within the buffer.

Conservation Status

Areas with many endangered and threatened species
comprised a tiny proportion of land area in Southeast
Asia; 0.08% of land area had 50-75% of maximum diver-
sity for data deficient amphibians and 0.35% of land area
had this proportion of data deficient mammals. For threat-
ened species, 9.7% of land area had 25-50% of vulnerable
mammal species.

Despite their small size, a large proportion of these ar-
eas were near proposed routes (Supporting Information).
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For example, 11.2% of areas with 25-50% of maximum
diversity for critically endangered birds were within
50 km of railways and 6.3% were within this distance of
roads; 3.8% were within 30 km.

A large proportion of data deficient mammals fell
within 50 km of roads; 72.3% of areas with 75-100%
of maximum data deficient species were within 50 km
of a road and 14.1% were within 7 km of roads. Similarly
high proportions of areas were near railways; 53.4% of
the highest aggregations of data deficient mammals were
within 50 km of railways.

Many with many threatened species were near parts of
the proposed route, particularly in Vietnam (Supporting
Information).

Deforestation

Many areas around the proposed route showed expansive
forest cover and high rates of deforestation. When aver-
age forest cover and deforestation for all countries the
BRI passed through were calculated, 66.4% of the area
within 50 km of roads was forested, accounting for an
average 21.2% of forest within countries. Overall, 1.65%
of forest within buffered regions was lost from 2001 to
2017, and average forest loss for each country was 6%
(Supporting Information).

For railways on average 22% of forest fell within
50 km of routes, and 24.5% of the area within this distance
of railways was forested, and 5.7% of deforestation per
country was within this area. On average 2.1% of the area
within 50 km of railways was lost from 2001 to 2010,
which was 1.41% of overall deforestation and 7.9% of de-
forestation in any country. Of this, 32% of deforestation
within 50 km fell within 14 km of roads, despite only
having 25% of the total tree coverage in the buffer. Thus,
there was disproportionate deforestation within 14 km of
roads. For railways 21.7% of deforestation of the buffer
was within 14 km. Because only 11.7% of forest cover
was within this region, there was still a disproportionate
loss of forests within 14 km of railways. In total 36.4% of
forest was lost from 2001 to 2016, although the level of
deforestation varied greatly by region.

Pipelines, Mines, and Other Challenges

Unlike road and rail routes, proposed pipelines
connected only major areas, and each pipeline route still
entailed multiple, unfinalized options. Nonetheless, these
routes went through numerous relatively undisturbed
areas and may open these areas to development or
pollution.

For much BRI-associated development mapping is not
yet possible; thus, results represent a lower bound on the
extent and severity of potential impacts. For all BRI coun-
tries, number and density of mines decreased sharply as
distance from proposed routes increased (Fig. 1). This
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indicated that new roads are planned to connect areas
with many mines to facilitate export. Areas along pro-
posed routes with few mines are vulnerable to exploita-
tion given the additional connectivity, and existing mines
may be enlarged (Fig. 1).

Mappable roads along the BRI totaled 170,126 km;
the rail and pipeline networks were 80,451 km and
343,677 km, respectively. If the entire road network
were made with or underlain by cement (preferred
road construction material in Asia [Das 2014]), roads
would require 332,906 t of cement (roughly 436,107 t of
limestone). Based on average dimensions, rail networks
would require 28,278,527 t of cement (37,044,896
t limestone) and pipelines 157,320 t of limestone
(Supporting Information).

Discussion

Few studies of the potential risks of the BRI (Tracy et al.
2017) include high-resolution spatial analyses, provide
implementable suggestions for minimizing BRI impacts
(Kirchherr et al. 2018), or substantively analyzed envi-
ronmental implications and minimization or avoidance
of impacts. Most focus on economic implications and op-
portunities (Pakistan [Huang et al. 2017], India [Banerjee
2010)D.

Vulnerability of taxa across the BRI differed substan-
tially (Supporting Information); thus, a range of strategies
to mitigate impacts are needed. Although the level of
analysis for different parts of the route varied, some key
diversity hotspots were clearly at risk. Caution is needed
in interpreting these results because certainty of the route
varies significantly by area. Southeast Asian routes (espe-
cially in Vietnam and Thailand) are more flexible than
those across Central Asia, but potential changes are un-
likely to significantly alter the impacts identified, and the
process of project- and site-based evaluation is likely to
be the most important for maintaining biodiversity.

Vulnerable Areas

Vulnerable areas varied significantly among taxa be-
cause hotspots and threatened areas are different across
taxonomic groups, making overarching solutions chal-
lenging. Many of the routes proposed through Southeast
Asia pose substantial risk to biodiversity and endemism
hotspots and these routes (and other planned infrastruc-
ture) may facilitate wildlife trafficking. Overall, routes
will provide greater access and, therefore, heighten the
vulnerability of species and systems across the region.
Local planners should consider the economic, social,
and ecological acceptability of the route and prioritize
the broadest possible suite of options, including mitiga-
tion, minimization, and avoidance in consultation with
stakeholders.

Conservation Biology
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Routes tracing the Thai-Malay peninsula and the coast-
line railway of Vietnam potentially pose some of the
greatest risks to the largest numbers of species. Pro-
tected areas (PAs) do not guarantee protection. For
example, in Cambodia many PA downgrading, down-
sizing, and degazettement (PADDD) events and lim-
ited PA coverage mean remaining unprotected ecosys-
tems may be particularly vulnerable (PADDD Tracker
[http://www.padddtracker.org/]). Different taxa are dif-
ferentially vulnerable and potential risks varied along pro-
posed route (Supporting Information). For example, road
networks in China were near areas of high diversity for
birds and orchids but not other taxa, whereas reptiles
were more vulnerable in Thailand and Malaysia. Mam-
mals were most vulnerable to proposed roads in Thailand,
Myanmar, and Lao. The proposed route rarely intersected
the richest hotspots for any taxon. Model-based hotspots
were often smaller and had higher species richness than
hotspot maps based on IUCN data (Li et al. 2019). Rel-
ative to, for example, Kirchherr et al.’s (2018) results,
impacts seemed smaller because true hotspots were
smaller and varied by taxa, although they were regionally
heterogeneous.

Indian proposed rail routes were near highly diverse
areas for mammals and reptiles, but orchids were most
vulnerable in China and amphibians in Lao. In Lao 154
bridges, 76 tunnels, and 31 train stations are planned at a
cost of over US$8 billion (Lim 20155), and many of these
are near highly biodiverse areas. Thus, no panacea is pos-
sible, and overarching strategic protections are necessary
to protect remaining intact forest along the route, espe-
cially in KBAs. Less diverse areas in Russia may also be
vulnerable because many of these areas had lower human
populations and were until recently less accessible.

Large numbers of KBAs and PAs were near planned
routes, and many of the KBAs are not protected. For
example, 20% of KBAs were within 7 km of a planned
rail route, and 15% were within 1 km, yet only 0.1% of
PAs were within 1 km of a planned rail route and 0.6%
were within 7 km. Consequently, many key sites may be
close to new rail networks and most are unprotected.
In contrast, relatively few KBAs were near new roads
(0.2% within 1 km and 1.9% within 7 km), and protec-
tion of these areas is better (1.1% of PAs within 7 km of
proposed routes). Thus, sufficient protection for KBAs
near proposed rail routes needs to be provided. Many of
these areas face increasing mineral and wood extraction
and other development pressures, including increased
tourism. Guidelines must be developed for safeguarding
these KBAs through either strict protection or adaptive
management.

Many hotspots of particularly threatened or data defi-
cient species were also near proposed routes. For exam-
ple, 58% of the most diverse areas for vulnerable birds
were within 7 km of railways, and 71% were within
14 km. Roads posed an equal or greater problem to many
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species; 28% of the most diverse areas for data deficient
mammals were within 14 km of proposed routes. Similar
trends existed across taxa, meaning that centers of vul-
nerability depended on locality, duration, and intensity
of disturbance and the ability of species to recolonize fol-
lowing extirpation. Given the close proximity between
these areas and parts of the route, caution will be needed
to maintain these hotspots.

Maritime BRI routes may bisect marine PAs, and ports
connecting marine and terrestrial routes require new de-
velopment. Ports frequently fall into key areas for mi-
gratory wading birds; thus, ineffective management and
protection may lead to further declines in the 50 million
migratory wading birds that use the East-Australasian Fly-
way annually (Li et al. 2019). Work on the implications
of maritime portions of the route are ongoing (Lee et al.
2018; Qiu et al. 2018), although recent studies largely fo-
cus on carbon-emission implications rather implications
for marine and coastal diversity.

Supporting Infrastructural Growth

I excluded proposed pipelines in spatial analyses because
there was considerable uncertainty in their placement
and the threats they pose are from other infrastructure
because they lack regular traffic once constructed and
do not provide direct access along their routes, as trans-
port infrastructure does. Further analyses are necessary
regarding the placement of these pipelines.

Mines, however, are closely associated with proposed
routes (Fig. 1), and many proposed roads terminate in or
follow areas of peak mining density (i.e., Spain, France,
Africa). This suggests areas where new infrastructure
will be built rather than enlarged (i.e., northern Russia)
may be particularly vulnerable to mining. Given the
relationship between mines and proposed routes, it is
likely these roads will increase mineral exports. Thus,
these mines and their impact on the areas immediately
surrounding them will likely increase substantially. Roads
have a much tighter relationship with mine density than
railways. Thus, increased road networks in Africa,
northern Russia, and northern China, where accessibility
is currently low, are likely to facilitate infrastructural
expansion and natural resource exploitation.

Additional Risks

The resources needed to construct routes or maintain
infrastructure has had little consideration. Many portions
of the road and railway may be constructed from ce-
ment, and there is a significant probability that much
of this cement will be sourced from limestone karst, an
underprotected ecosystem that supports high levels of
endemism (Hughes 2017a). Thus, raw-material sourcing
policies are essential to the construction of all proposed
routes. Southeast Asia especially, with over 800,000 km?
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of karst, may be particularly vulnerable. China alone al-
ready uses about 63% of global cement at approximately
1.5 t per capita annually (Hughes 2017b). With the in-
creased cement demand for building roads, infrastruc-
tural development for the economic belt, and planned
increases in cement export, exports can be expected to
increase further (Makinen & Law 2016); thus, sourcing
policies must explicitly include environmental impact as-
sessment (EIA) associated with major consumables, such
as cement. This is especially important for Southeast Asia
and southern China, where many species that inhabit
karst ecosystems are endemic and most are undescribed
(Whitten 2009). Thus, highly endemic karst faunas are at
great risk (Clements et al. 2006). Given that high levels
of site-specific endemism on karsts (e.g., 12 site-endemic
species found at 1 site) and that most species lack in-
ventories (90% of cave invertebrates in China considered
undescribed [Whitten 2009]), the loss 1 karst represents
the potential loss of unquantifiable numbers of species.
The BRI expansion will increase use and demand across
the region while the decreased cost of mining karst rather
than underground limestone is likely to disproportion-
ately impact these unique systems (Hughes 2017b).

How power is generated also requires careful consider-
ation. Increased damming has immense implications for
terrestrial and freshwater ecosystems (Lim 2015a; Zhang
et al. 2017). Other forms of power are also likely to be
exploited along the route because BRI countries have
58.8% of the world’s oil, 79.9% of its natural gas, and 54%
of its coal reserves (Duan et al. 2018).

Overpasses and underpasses may be necessary to
minimize roadkill in some areas (Inbar et al. 2002; Zhang
2017b). This may be especially important for routes
transecting KBAs. Disturbance can profoundly affect
species fitness (Kerley et al. 2002); thus, key regions,
especially for data deficient and threatened species,
should be avoided because their degradation, even with
careful implementation, may have disproportionately
large effects on species. Hunting, especially in formerly
inaccessible areas (e.g., northern Russia) should also be
strictly managed and controlled with mechanisms to
reduce impact (Braden 2014).

Priorities for Mitigation

Complete avoidance of all key areas for biodiversity
along the entire route will be difficult because centers
of diversity and endemism vary significantly across taxa
and there are insufficient data for the prioritization of all
key regions in advance. Thus, appropriate and adequate
conservation provisions must be developed on a case-by-
case basis but are possible only if comprehensive EIAs
are conducted before planning is complete (Table 3).
Further deforestation should be prevented wherever
possible, as China’s Ecological Civilization policy states
that biodiversity should be an integral part of planning
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processes and not simply an “optional extra if the eco-
nomic and social costs are low enough” (Jin 2008). This
is especially important in Southeast Asia, which is already
fragmented and subject to some of the highest levels of
deforestation and has the highest aggregations of species
richness per unit area and of vulnerable or threatened
taxa for at least one taxonomic group in every country.

Many parts of routes, especially rail, follow forests
along substantial lengths of their course, and the pro-
cess of construction and subsequent inherently threaten
forests and biodiversity. Afforestation, based on sound
ecological principles, could be mandated to offset defor-
estation and forest fragmentation caused by the construc-
tion of new infrastructure (Naumann et al. 2011).

Opportunities for Conservation

The proposed BRI enables reexamination of how multi-
lateral agreements (i.e., CBD’s Aichi targets) are articu-
lated with national responsibility of countries that fund
projects overseas. At present, few mechanisms exist to
mediate international investments on the scale of BRI
and to reveal how they relate to national policy on main-
taining biodiversity, in the same way emissions of CO;
have been considered (Su & Ang 2014), and telecoupled
biodiversity loss requires at least equal attention.

Few EIAs for any part of the route have been published
(Khwaja et al. 2018), and those conducted may be moot if
no overarching, enforceable policies exist to implement
and maintain effective conservation. If national bodies
and international funding agencies, such as the Asian De-
velopment Bank, Asian Infrastructural Investment Bank,
and similar financiers mandate clear EIAs with interna-
tional oversight and standards, it would vastly improve
conservation in the region. Analyses such as mine provide
an opportunity to improve protection of many regions
that “fall through the gaps” for maintenance of biodiver-
sity (Hughes 2018).

China’s Circular Economy shows how sustainability
policies can be integrated into economic policies and
practices to maintain the provision of key ecosystem
services (Ali et al. 2018). Such policies for offsetting
threats and the protection of ecosystem services can
work effectively if sufficient will exists. Unfortunately,
implementation of these policies across China varies,
and the policies do not apply to Chinese investments
overseas. China’s wildlife protection laws could also
be broadened to better cover imported wildlife (e.g.,
provide provisions for how illegally seized wildlife is
treated) (Zhang 2016). Such agreements are not novel;
as early as the 1990s China and some of its neighbors
(i.e., Russia, Mongolia) had bilateral agreements for co-
operation on environmental protection (Zhang & Zhang
2017). The revival of such agreements could profoundly
lessen negative impacts of the BRI on biodiversity. There
is legal precedent for requiring EIA recommendations be
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shared and for requiring strategic planning (stipulated in
Aarhus Convention) (Zhang 2017a).

That the majority of KBAs near proposed routes are un-
protected and the disparity between where PAs and KBAs
fall in relation to the route offers obvious opportunity for
protection, and stakeholders will ideally avoid funding
development within them. Clear and effective offsetting
policies for deforestation and mechanisms to mitigate
national emissions through afforestation along parts of
the route have the potential to reduce biodiversity loss
along large portions of the proposed route. Species may
even be able to expand northward along such corridors to
better respond to climate change (Hitch & Leberg 2007;
Nuiiez et al. 2013).

Given that cement production accounts for minimally
15% of China’s total emissions (WRI 2018) and their huge
use of cement (>100 new cement plants planned along
the BRI), emissions may rise considerably (Shen et al.
2015; McNeice 2017). The emissions from new and en-
larged mines along the BRI will only exacerbate this, and
new mechanisms to counter emissions will be necessary
to fulfill China’s commitments on the Paris Climate Ac-
cord (Davenport 2015; Shao et al. 2016). Afforestation
along the BRI route would counter those emissions and
ameliorate some of the threats posed by the BRI, but sys-
tematic planning and management will still be necessary
to mitigate other problems.

Synthesis

The BRI portends a new and significant threat to biodiver-
sity globally because it intersects many biodiverse areas
and areas with large aggregations of threatened species,
although these patterns differ within each taxon I exam-
ined here. Because many of these areas do not overlap
among taxa and other areas are likely to be important for
taxa I did not consider, solutions are not simple. Policies
that ensure rigorous EIAs with international oversight and
reportage are needed to safeguard intact ecosystems near
the route. Finance offers a practicable way to instigate
higher-level policies because many financial institutions
have sustainability policies (AIIB 2016) that should be ad-
hered to and that include mandated EIAs before financial
approval of development in known KBAs, which may
mitigate many potential impacts of development.
Multilateral agreements, such as CBD, should consider
both national and embodied diversity losses, and interna-
tional infrastructure investments should meet the envi-
ronmental regulations of the host and developers’ coun-
tries. China has developed a wide suite of approaches,
tools, and policies to minimize the impact of infrastruc-
ture on the environment domestically, and these same
policies and guidelines should be implemented in Chi-
nese infrastructure projects outside the country.
Exploitation of natural resources along the route may
increase, and new mine development may need regula-
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tion to prevent degradation in currently pristine areas.
Likewise, supportive energy infrastructure and the im-
pact of supply chains for building the route also require
close scrutiny.

Political and financial decisions on how EIAs are con-
ducted and protection is enforced will determine the
outcome; many regions in the vicinity of the route re-
quire protection Table 4. Differences in patterns of diver-
sity and vulnerability of different taxa, however, means
shortlisting key sites is challenging, and a more holistic
framework is needed to ensure sustainable policy deci-
sions are made and enforced along the BRI.
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