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ARTICLE INFO ABSTRACT

Keywords: China’s Belt and Road Initiative is the world’s largest infrastructure development project aimed at linking Europe
Biodiversity and East Africa with Asia. Port infrastructure development associated with the maritime component of China’s
Global Belt and Road Initiative (mBRI) could have trans-boundary environmental impacts. These impacts are likely to
Infrastructure . . .
Port affect key coastal marine habitats (coral reefs, mangroves, seagrasses and saltmarshes) and threatened marine
. species. We used spatial analyses to quantify the potential impacts of ports and subsequent increased shipping
Spatial X . . . . . o e . .
Threats traffic associated with the mBRI for key habitats and species. Significant areas of individual countries coastal

marine habitats could be affected by port development. Over 400 threatened marine species, including mam-
mals, could be affected by port infrastructure, while over 200 threatened species are at risk from an increase in
shipping traffic and noise pollution. A project of this magnitude provides an opportunity for a central governing
body to develop and implement an overarching environmental framework and policy that mitigates risks to

biodiversity.

1. Introduction

China’s Belt and Road Initiative (BRI), or ‘New Silk Road’, is the
world’s largest infrastructure development project, aimed at linking
Europe and East Africa with Asia. The initiative combines a large
network of terrestrial and maritime routes with the intent of linking over
70 countries, with an estimated investment of US$8 trillion by 2049 [1].
The possible environmental impacts associated with the BRI will be
trans-boundary in nature and cover enormous areas [2]. The develop-
ment of infrastructure will likely have negative consequences for
terrestrial and marine biodiversity, and key habitats [3]. A number of
assessments have been made of the impacts of the BRI on several
important terrestrial biodiversity attributes (e.g. threatened species,
important bird areas, key biodiversity areas, and global ecoregions - [4,
5]. However, there are also potential impacts of infrastructure devel-
opment associated with the new maritime trade routes on marine hab-
itats and species. The maritime component of the BRI (mBRI) involves
both the procurement and expansion of existing ports and construction
of new ports, along with significant expansion of marine trade routes

[2].

China has advocated that countries involved in the BRI should
cooperate to enhance environmental protection and build a green Silk
Road [1,4]. However, there remains scepticism about implementing
environmental policy when there are multiple funding pathways and
stakeholders involved [6], especially as species boundaries rarely coin-
cide with national boundaries [7,8]. A fundamental step to informing
appropriate conservation is quantifying and assessing the spatial pat-
terns and potential ecological impacts of this development on key hab-
itats and species. Global biodiversity assessments can inform
conservation policy by highlighting potential hotspots of species or re-
gions most at risk to infrastructure development, and can aid in devel-
oping management strategies at multiple spatial scales [9,10]. A project
of this extraordinary magnitude may be an ideal opportunity for a
central governing body to incorporate ecological best practice and
sound trans-boundary conservation actions into development at a near
global scale [5].

The development and expansion of ports, and increased marine
traffic in shipping channels is likely to have profound and widespread
impacts on marine ecosystems. Ports, for example, can affect coastal
fisheries and their associated key habitats (e.g. seagrasses, mangroves,
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and corals) through coastal land clearing and dredging, which physically
destroy habitats and increase sediment deposition and suspension
[11-14]. Additionally, increased vessel traffic in ports and shipping
channels intensifies risks to ecosystem function through bio-invasion
[15], increases the likelihood of shipping accidents, and places
stresses on species such as cetaceans through noise pollution and vessel
strikes [16,17]. These impacts are likely to affect a wide range of key
coastal habitats and species, hence there is a need for an assessment of
the potential impacts of the developments associated with the maritime
component of the BRI.

Here we make a synoptic assessment of the spatial footprint of the
development and expansion of ports associated with the mBRI for
coastal wetlands (here defined as seagrass, mangrove and saltmarsh
habitats), coral reefs, and all threatened species (from IUCN assess-
ments) that exist near planned developments. Coastal wetlands and
coral reefs are critical marine habitats that provide a range of valuable
ecosystem services including blue carbon storage, coastal protection,
biodiversity conservation of charismatic megafauna and contribution to
fisheries production [18-22]. In this study, we quantify the potential
impacts of ports on (i) coastal wetlands and coral reefs (ii) threatened
marine species, and (iii) key ecoregions (biodiversity areas and pro-
tected areas) for nations and marine regions that will be directly affected
by the mBRI through infrastructure development. Specifically, we aim to
identify hotspots of potential impact to coastal wetlands and coral reefs

ports. The frequency of port sizes at all other sites was predominantly 5 km or just under, with two ports considerable larger. Although all

We measured the maximum linear dimension of ports by inspecting aerial imagery of BRI port sites. We omitted sites without existing
of these sizes are for ports still awaiting development under the BRI project, they indicate that a distance of 5 km for direct port impacts is
5 km is the likely maximum spatial extent of the impacts of dredging, however this can vary depending on local conditions [23].
Dredging activities can directly remove and smother marine habitats, or increase turbidity and reduce light availability [24]

Bottlenose dolphin behaviour can be affected by pile-driving up to 50 km away in the construction of offshore windfarms [25].

Noise can impact marine mammal behaviours including mating, nursing and feeding. Noise from icebreakers is estimated to be audible to
We examined raw shipping data [34] and found that for many BRI ports, the 90th percentile of shipping traffic (the maximum number of
ship tracks recorded in a single 1 km? cell) extended over 100 km. The creation of new marine trade routes may therefore increase the

Evidence that shipping noise increases stress hormones in North Atlantic right whales [17].

Beluga whales appeared to actively avoid icebreakers at distances of 35-50 km [27,28].

Increased shipping traffic increases the risk of collisions (e.g. with coral reefs, or marine mammals) [31,32].
Oil spills can have acute and chronic effects of marine biodiversity across large spatial scales [33].
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Table 1). Increased shipping traffic beyond a 5 km radius is addressed in
our separate analyses of shipping routes. We note that indirect effects (e.

The direct and indirect impacts of port development on marine species and habitats. The process of impact is described along with the chosen buffer distance(s) and rationale for choosing the buffer(s), with supporting
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Fig. 1. Country scale percentages of area of coastal habitats (coral, mangrove, seagrass and saltmarsh) potentially affected by ports associated with the maritime
component of the Belt and Road Initiative. Percentages are visualised by country and exclusive economic zone (EEZ). Countries (bold) and specific habitat types

(italics) with the highest percentages of their distributions affected are highlighted.

shore [24,35].

2.1.3. Marine protected areas and key biodiversity areas

We assessed the potential impact of ports on marine protected areas
(MPAs) and marine key biodiversity areas (KBAs) by quantifying spatial
overlaps. Spatial information for MPAs was extracted from the 2017
World Database on Protected Areas (WDPA) (https://www.protectedpl
anet.net/). Marine KBAs were extracted from the global dataset con-
taining the current boundaries for KBAs (http://www.keybiodivers
ityareas.org/home).

2.1.4. Threatened species

We collected spatial information on threatened marine taxa from the
IUCN red list of threatened species (http://www.iucnredlist.org/tech
nical-documents/spatial-data - full search criteria are listed in
Table S2). All species considered threatened (those assessed as Vulner-
able, Endangered, or Critically Endangered) and present in coastal and
marine habitats were included in spatial analyses. Spatial information
on the distributions of threatened species was available for 837 plant
and animal species.

2.2. Spatial analyses

Spatial processing was conducted using ESRI ArcGIS 10.1 and R
statistical software [36] using the sf package [37]. Spatial layers were
projected into the World Mollweide Projection prior to analyses.

2.2.1. Spatial footprint of ports on coastal habitats and protected areas
We used geometric intersections between each of the individual

habitat layers and the buffered ports to quantify the potential area of
each coastal habitat type affected within the 5 km port buffer (Table 1).
We then intersected each habitat layer with country level (economic
exclusion zone - EEZ) data [38], as well as the marine ecoregions of the
world (MEOW - [39] to calculate the total area of each type of coastal
habitat present within each country’s EEZ and marine ecoregion. We
applied a 50 km buffer into land to the MEOW layer to ensure that we
captured the full extent of coastal mangrove and saltmarsh habitats,
because their distributions were often further inland than the existing
extent of the MEOW layer. Following intersections, we calculated the
total area that may be affected by ports at both the country (EEZ) and
marine province (MEOW) level and joined this information to the cor-
responding layer. We then calculated the percentage of total habitat area
potentially affected by ports within either country or MEOW using the
following formula:

Area impacted by ports®esio

% = - 100
’ Total habitat area®esi x

2.2.2. Spatial footprint of ports on threatened species

We used the same methodological approach as described above for
coastal habitats and protected areas to calculate the percentage of total
range of each threatened species potentially affected by ports in both
countries and MEOW provinces.

2.2.3. Potential impacts of shipping and noise pollution on threatened
species

We also assessed the potential impact of increased shipping traffic
and noise pollution on threatened animal and plant species by testing
whether species ranges intersected within the buffers on BRI ports that
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Fig. 2. Province scale percentages of potential impacts on habitats and species. Area of coastal habitats (coral, mangrove, seagrass and saltmarsh) potentially
impacted by ports associated with the Belt and Road Initiative. Percentages were calculated by MEOW Provinces. Threatened species with the highest percentages of
their ranges affected are highlighted and their Red List status highlighted. CR = critically endangered, EN = Endangered, VU = vulnerable.

represented shipping traffic and noise pollution (Table 1). From the
initial IUCN search criteria, we selected the subset of species listed as
under threat by either ‘Shipping lanes’ or ‘Noise pollution’, resulting in a
total of 290 species.

To assess shipping lanes, we tested two potential buffers (Table 1)
around BRI ports and intersected these with the spatial distribution of
each species specifically listed as threatened by shipping lanes. We
visually inspected shipping traffic near BRI ports based on the 90th
percentile of raw shipping data [34]. We found that the extent of ship-
ping lanes extended to around 100 km for several BRI ports, so tested
both 50 km and 100 km buffers as proxies for increased shipping traffic
due a paucity of data predicting new shipping routes and traffic in-
creases associated with BRI development. If a species range intersected
with the buffer, we deemed that species may be affected by either new or
increased shipping traffic due to the large and spatially variable impacts
of shipping [12].

To assess noise pollution, we also tested a number of potential buffers
around BRI ports based on literature searches (Table 1). Due to the
variability in distances that species are affected by noise pollution, we
tested three buffer distances and intersected these with the spatial dis-
tribution of each species listed as threatened by noise pollution. As with
shipping traffic, if a species range intersected with the port buffer, we
deemed that species would likely be affected by noise pollution from
either port construction or through shipping noise.

3. Results
3.1. Ports

We found that ports associated with the mBRI could negatively

impact a range of important coastal marine habitats (Fig. 1) and up to
410 threatened species across large spatial scales (Fig. 2). Overall, using
a 5 km buffer to represent the effects of infrastructure development, we
found that ports could potentially affect 55 300 ha of seagrass, 8400 ha
of coral, 4000 ha of mangrove and 2100 ha of saltmarshes. Within a
country, the highest proportion of coastal marine habitat potentially
impacted by ports associated with the mBRI is 27.5% (Fig. 1). Countries
with the highest proportional impacts are generally small, and these
impacts are generally dominated by a particular habitat type (Fig. 1).
For example, Togo has 3700 of 18 9000 ha (19.5%) of seagrass area
potentially affected, Djibouti has 2200 of 24 600 ha (8.5%) of coral, and
Singapore has 6700 of 23 700 ha (27.5%) of seagrass (Fig. 1).

At the marine province level (‘realm’ in brackets), the province ex-
pected to be most impacted is the Central Indian Ocean Islands (Western
Indo-Pacific), with 3.4% of the total coastal marine habitat area at risk
from port development and expansion (Fig. 2). The Bay of Bengal (0.7%)
(Western Indo-Pacific), Sunda Shelf (0.4%) (Central Indo-Pacific),
Mediterranean Sea (0.3%) (Temperate Northern Atlantic) and Gulf of
Guinea (0.3%) (Tropical Atlantic) are also relatively vulnerable to port
development (Fig. 2, Table S3).

A total of 410 vulnerable, threatened, or critically endangered plant
and animal species have ranges intersecting with mBRI ports - 33 species
are critically endangered, 67 endangered and 310 vulnerable. The most
commonly affected species classes are sea anemones and corals
(Anthozoa - 181 species), cartilaginous fishes (Chondrichthyes - 104
species), ray-finned fishes (Actinopterygii - 78 species), and mammals
(Mammalia - 21 species). Eight species have over 0.1% of their range
potentially affected (Fig. 2), and the most impacted species — the African
Wedgefish (Rhynchobatus luebberti) — has 0.23% potentially affected. The
central West African coast shows a high density of the most impacted
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Fig. 3. Province scale percentages of area of A) Marine protected areas (MPAs) and B) Key biodiversity areas (KBAs) potentially impacted by ports associated with
the Belt and Road Initiative. MPAs and KBAs with the highest percentages of their areas affected are highlighted.

species, including iconic species such as the vulnerable African manatee
(Trichechus senegalensis), three vulnerable or endangered chon-
dricthyans, and the critically endangered Atlantic humpback dolphin
(Sousa teuszii) (Fig. 2).

We also found potential for ports to impact MPAs and KBAs, however
the spatial patterns of potential impacts differed at the marine province
level (Fig. 3A and B respectively, Table S4). The two most potentially
impacted marine provinces for MPAs are the West and South Indian

Shelf (0.2%) (Western Indo-Pacific) and Mediterranean Sea (0.1%)
(Temperate Northern Atlantic) (Fig. 3A). Key Biodiversity Areas are
expected to experience larger area percentages affected compared with
MPAs. The marine province of Benguela (Temperate Southern Africa) is
the most vulnerable with 4500 of 26 200 ha (17.3%) of marine KBA
potentially impacted (Fig. 3B). The Red Sea and Gulf of Aden (0.6%) and
Western Indian Ocean (0.3%) (both Western Indo-Pacific) are also
ranked highly in terms of percentage of KBAs impacted by ports
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Sperm Whale

Fig. 4. A) Ranges of seven highlighted marine mammal species impacted by both shipping lanes and noise pollution. These species ranges intersect within both 50
and 100 km of at least one port associated with the maritime component of the Belt and Road Initiative. B) Images of the primary species impacted by both shipping

lanes and noise pollution.

(Fig. 3B).

3.2. Shipping and noise

For threatened species with spatial data available (284 species), we
found 209 species that are negatively impacted by shipping traffic. The
same number of species were impacted under both the 50 km and 100
km buffers. The primary classes affected are sea anemones and corals
(181 species), mammals (16 species), and cartilaginous fishes that
include sharks and rays (7 species). Three species are listed as critically
endangered, 22 endangered, and 184 vulnerable.

We found that 10 species are negatively impacted by noise (8
mammals and 2 ray-finned fishes), 4 of which are listed as endangered

and 6 as vulnerable. The same species were affected under all three
buffer distances (10 km, 50 km and 100 km). We also identified seven
threatened marine mammals that could be simultaneously affected by
both shipping lanes and noise pollution (Fig. 4A and B, Table S5). These
seven species distributions cover a broad geographical extent, high-
lighting the global nature of the mBRI.

4. Discussion

Our spatial analysis shows that infrastructure development associ-
ated with the construction of new ports and expansion of existing ports
for the mBRI could affect coastal marine habitats and a large number of
threatened marine species across a very large area. We found the
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proportional impacts of the mBRI could be highest in small countries
with relatively small coastal areas (e.g. Togo, Djibouti, and Malta) where
considerable proportions of the total area of coastal marine habitat
could be affected. The proportional impacts to marine ecoregions were
lower compared to countries, however certain marine ecoregions such
as the Western Indo-Pacific could still be considerably affected. A large
number of marine threatened species, including mammals, could be
impacted by port infrastructure and an increase in shipping lane traffic
and associated noise pollution, highlighting the need to develop and
implement comprehensive conservation practices for the mBRI.

We used globally available data-sets and standardized buffer dis-
tances to assess the impact of ports on biodiversity. It is likely that the
true footprint of impacts would vary regionally due to ecological,
geographic and oceanographic differences between local ports sites (e.g.
Ref. [14]. However, it was necessary here to use these global data-sets
and generic layers so that our large-scale analysis was spatially consis-
tent across regions with varying information levels and data coverage.
The spatial impact of ports is likely to be context-dependent, and will
vary based on the existing level of infrastructure and planned expansion.
The creation of new ports will impose novel impacts on local marine
biodiversity, however the expansion of established ports still poses risks
to coastal ecosystems through dredging, land reclamation, and increased
shipping traffic and accidents [11]. Future studies and environmental
impact assessments should assess the impacts of individual ports with
finer-scale data and local knowledge. Nevertheless, our results highlight
the potential of such a large-scale infrastructure development project to
impact threatened habitats and species.

Mitigating the risks to biodiversity from port development can be
challenging due to political and socio-economic factors [11] but there
are, nevertheless, still actions that can be taken to minimise risks. For
example, the impacts of increased suspended sediment associated with
dredging around ports could be mitigated for seagrasses by monitoring
benthic light availability and temporarily halting dredging when light
levels fall below thresholds for seagrass growth [40]. Similarly for fish,
the introduction of seasonal restrictions in sediment loads during critical
life history stages may reduce sediment induced mortality [14].
Increased shipping traffic offers different challenges for the manage-
ment of marine biodiversity, as impacts including oil spills, noise
disturbance and direct strikes can occur over larger spatial extents [33].
Mitigation measures such as enforced speed restrictions, designated
areas to be avoided (ATBAs), and altered vessel routes during seasonal
migratory periods and within key feeding and nursery areas can be
effective for marine mammals [41]. Improved oil spill prevention,
communication and reporting can reduce the probability of other risks
to marine species and habitats [33]. Conservation practices are most
effective when supported by scientific evidence [42] and the develop-
ment of threat management plans to offset the impacts of the mBRI could
employ an ecosystem-based approach to deliver sustainable develop-
ment for coastal marine environments [43].

Mitigating the environmental impacts associated with the mBRI is
complex and multi-scaled. China has recently strengthened environ-
mental regulations and environmental governance frameworks, though
questions surrounding how these regulations compare to international
best practice still remain [44,45]. Similarly, environmental policies are
being developed and implemented with specific regard to BRI projects,
however, there is apprehension about translating these policies into
practice, especially for trans-jurisdictional projects [45]. Recent works
have started to investigate the economic and logistic implications of the
mBRI [46,47], however guidelines and policy for biodiversity conser-
vation in the marine sector are currently lacking.

5. Conclusions
The mBRI project provides an opportunity to take an internationally

coordinated approach to ecologically sensitive development (sensu [48].
Environmental planning for the mBRI could use newly developed

Marine Policy 112 (2020) 103791

environmental governance frameworks [49], or improve on existing
frameworks for environmental impact assessments, strategic environ-
mental assessments, and strategic land use planning [50] to minimise
the risks of port and shipping development and expansion on marine
biodiversity. There are a number of existing solutions to minimise the
impacts of shipping, though such measures would need to be imple-
mented internationally given the near global nature of the mBRI project.
The implementation of an overarching framework is especially needed
in regions most at risk of biodiversity and habitat loss, as well as in
countries lacking the financial backing to implement proper environ-
mental protection policies [51]. Local or regional EIAs may become
redundant without an overarching enforceable policy that has biodi-
versity conservation as its core principle [5]. One of the advantages of
the many port developments coming under the single umbrella of the
BRI project is that a central governing body has the opportunity to
request and potentially help develop such a framework for environ-
mental protection. The framework would need to include provisions to
ensure its support in countries that lack the capacity to undertake such
work. The global integration of conservation measures for the mBRI
could ensure the best possible outcomes for biodiversity conservation.
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