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Abstract Ecological compensation plays an important
role in implementing the social responsibility of infra-
structure mega-projects. Based on the results of a field
study, an in-depth interview, and archive data, this paper
introduces the ecological compensation for Sousa chinen-
sis (the Indo-Pacific humpbacked dolphin) during the
construction of the Hong Kong-Zhuhai-Macao Bridge. It
studies the concrete measures, decision-making processes,
and organizational collaboration of the ecological com-
pensation, using the method of a case study. The present
study not only enriches our understanding of the ecological
compensation practice during the construction of infra-
structure mega-projects, but also extends the literature on
the social responsibility of infrastructure mega-projects.
This sheds light on the protection of the environment as
well as biodiversity in the construction of future
infrastructure mega-projects.

Keywords infrastructure mega-projects, social responsi-
bility, ecological compensation, Hong Kong-Zhuhai-Macao
Bridge, Sousa chinensis *

1 Introduction

Infrastructure mega-projects, which are large-scale
engineering facilities providing fundamental public ser-
vices for social production, economic growth, and people’s
everyday lives, are playing an increasingly crucial
role in world development (Brookes, 2014; Flyvbjerg,
2011). They can bring a series of profound impacts to
society, including economic development (Banerjee
et al., 2012; Gibson and Olivia, 2010), poverty reduction
(Ferraro and Hanauer, 2014), productivity promotion
(Aschauer, 1989; Demetriades and Mamuneas, 2000;
Haughwout, 2002), social resource redistribution (Beh-
rens, 2011), and urban-rural coordination (Shen et al.,
2012). There are several characteristics of infrastructure
mega-projects: They involve huge investments, long
implementation cycles, high levels of complexity,
various stakeholders, and potential environmental risks
(O’Connor et al., 2015; Qiu, 2007; Zeng et al., 2015),
which makes it a great challenge to build and
manage infrastructure mega-projects (Ma et al., 2017).
Therefore, due to the crucial strategic role and complexity
of infrastructure mega-projects, issues about the social
responsibility and sustainability of infrastructure
mega-projects have attracted widespread attention from
scholars and experts both in academia and the industry
(Flyvbjerg, 2014; Lin et al., 2016; Miller and Hobbs,
2005).
The past decades have witnessed a great boom of

infrastructure investment in China. A large number of
world-famous infrastructure mega-projects, such as the
Three-Gorges Dam, the Qinghai-Tibet Railway, and the
West-to-East Natural Gas Transmission Project, have been
successfully built and operated in China (He et al., 2015;
Peng et al., 2007; Qiu, 2007; Zeng et al., 2015). Since the
Belt and Road Initiative was put forward by Chinese
Government in 2013 and the Belt and Road Forum for
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International Cooperation was successfully held in Hang-
zhou in 2017, it can be expected that there will be more and
more investments in infrastructure mega-projects both in
China and in the rest of the world.
However, although China has made great achievements

in regard to the construction and management of
infrastructure mega-projects, it is indispensable to realize
the intense conflicts that exist between infrastructure mega-
project construction and ecological protection. China’s
environmental condition is already one of the worst among
all of the major countries in the world (Liu and Diamond,
2005) and, ironically, the infrastructure mega-project boom
is likely to make these environmental problems in China,
especially in regard to biodiversity protection, even more
severe. For example, the construction of the Three-Gorges
Dam caused a great number of fragmented habitat islands,
which has significantly affected the biodiversity and
ecosystem properties of the region of the Three-Gorges
Reservoir Area and has threatened the lives of aquatic
animals in the Yangtze River (Stone, 2008; Xie, 2003; Wu
et al., 2003). Moreover, the rapid spread of China’s high-
speed railway network consumes stunning quantities of
cement and steel (Lin et al., 2017a). The high energy
intensity of raw material production engenders substantial
emissions of greenhouse gases during the construction and
maintaining phases of the high-speed railway network,
which is speeding up the process of global warming
(Westin and Kågeson, 2012), resulting in a sharp decline in
the populations of many species.
How can the deterioration of the environment and the

degradation of biodiversity caused by the construction of
infrastructure mega-projects be avoided? This question
needs to be addressed. Because it is almost impossible to
prevent the environment from being affected during the
construction of infrastructure mega-projects, ecological
compensation, an important part of social responsibility of
infrastructure mega-projects, is a good way to alleviate the
damage of infrastructure mega-project construction to the
environment. However, although there are many existing
studies about the impact of infrastructure mega-projects on
the environment, as well as the measures taken to avoid or
alleviate this influence (Peng et al., 2007; Tam et al., 2004),
there has been insufficient research conducted about
ecological compensation, especially during the construc-
tion period of infrastructure mega-projects. Taking the
ecological compensation for Sousa chinensis (the Indo-
Pacific humpbacked dolphin) during the construction of
the Hong Kong-Zhuhai-Macao Bridge (HZMB) as a
typical case, this paper studies the concrete measures and
analyzes the decision-making processes and organizational
collaboration of the ecological compensation carried out,
based on the results of a field study, an in-depth interview,
and archive data.
The present study contributes to the existing literature in

various aspects. First, there has been insufficient research
about ecological compensation, especially the practices in

China, this paper conducts a comprehensive case study and
fills this research gap; this enriches our understanding of
the ecological compensation practice during the construc-
tion of infrastructure mega-projects effectively. Second,
because ecological compensation is an important part of
social responsibility of infrastructure mega-projects, this
paper extends the contents of infrastructure mega-projects
social responsibility and contributes to the development of
the theory of infrastructure mega-projects social responsi-
bility. Third, the conflicts between infrastructure mega-
projects construction and environmental protection
become a serious problem in the developing countries,
this paper provides a successful example which can be
learned and followed by infrastructure mega-projects
constructed in other developing countries, which sheds
light on the protection of the environment and biodiversity
in the construction of future infrastructure mega-projects
worldwide.
We organize the remainder of this paper in the following

way. In Section 2, we briefly review recent research in
related fields, including the social responsibility of
infrastructure mega-projects, as well as ecological com-
pensation. Then, we present the research design of our
study in Section 3. This is followed by a case study of
ecological compensation for Sousa chinensis during the
construction of the HZMB, in which the specific measures,
decision-making processes, and organizational collabora-
tion of the ecological compensation carried out are
introduced. Finally, in Section 5, we set out our
conclusions and end with a discussion of the limitations
of our study, along with suggestions for future research.

2 Literature review

2.1 The social responsibility of infrastructure mega-projects

Introduced in the 1950s (Bowen, 1953), corporate social
responsibility (CSR) has received a proliferation of
attention and has become a research hotspot in academia
since the 1990s (Aguilera et al., 2007; Campbell, 2007;
Carroll, 1999). After being developed for more than 20
years, a number of research studies focusing on various
topics, including conceptual models of CSR (Carroll,
1991; Garriga and Melé, 2004; Shaw and Post, 1993) and
the financial effects of CSR (Brammer and Millington,
2008; Godfrey, 2005; Wang and Qian, 2011), as well as
other spillovers of CSR (Ciliberti et al., 2008; Jones et al.,
2014; Tseng et al., 2009), have contributed to a systematic
theoretical framework and abundant empirical evidence in
the field of CSR.
However, research related to the social responsibility of

engineering projects is relatively insufficient and scattered
(Lin et al., 2017c; Ma et al., 2017). Most of these studies
merely focus on the social responsibility of companies in
the construction industry or on the social responsibility of
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projects in a specific phase, rather than considering the
issues at the project-level from the perspective of a whole
lifecycle (Zeng et al., 2015). For example, Zeng et al.
(2003) researched the antecedents of contractors’ environ-
mental performance. Qi et al. (2010) focused on the drivers
for contractors’ green innovation, based on evidence from
the construction industry. Zhao et al. (2012) established a
series of indicators to assess the social responsibility of
firms worldwide in the construction industry. In the mid-
2010s, a study on the social responsibility of megaprojects
has developed this field. Zeng et al. (2015) put forward the
concept of megaproject social responsibility (MSR) and
defined it as “the policies and practices of the stakeholders
participated through the whole project lifecycle that
reflects responsibilities for the well-being of the wider
society.” They further constructed the framework of MSR
into three dimensions: project lifecycle dynamics, stake-
holders’ heterogeneity, and social responsibility interactiv-
ity. A conceptual governance framework of MSR and an
indicator system for evaluating MSR were then established
(Lin et al., 2017b; Ma et al., 2017) and the topic of MSR
has attracted more and more attention from scholars and
the public since.

2.2 Ecological compensation in infrastructure
mega-projects

Ecological compensation is the substitution of ecological
functions or qualities that are impaired by development
(Cuperus et al., 1996, 1999); it plays one of the most
indispensable roles in the social responsibility of
infrastructure mega-projects. In general, the main purpose
of ecological compensation is either to improve
damaged areas or to create new habitats with ecological
functions and quality attributes (Allen and Feddema,
1996). For specific engineering projects, ecological
compensation refers to the mitigation measures used to
minimize environmental impacts during a project’s
construction and operation, to restore the site and to
compensate for residual impacts (NOAA, 1997).
After decades of development, ecological compensation
has already been established as an effective measure
that is always adopted in the development of infrastructure
mega-projects, in order to balance efficiency and
equity and protect the environment from being destroyed
(Yu and Xu, 2016). In practice, a number of countries have
already taken ecological compensation measures to
compensate for the environmental impacts of human
activities, especially engineering projects, on the habitats
of plants and animals (Trussart et al., 2002; Xu et al.,
2015).
As an important means of environmental protection, the

issues of ecological compensation for engineering projects
have been a concern worldwide and research in this field is
quite fruitful. Cuperus et al. (1996, 1999, 2001, and 2002)
carried out a series of studies on the ecological compensa-

tion involved in the improvement of the Dutch highway
network, including the guidelines for the ecological
compensation and the specific ecological compensation
measures in the planning phase, as well as the preparation
and implementation of the ecological compensation
measures. Seen through a review of the environmental
impact assessment records for this decision, Villarroya and
Puig (2013) explored the particular role that ecological
compensation has had in road and railway environmental
impact assessment procedures in Spain.
In the context of China, the ecological compensation

of infrastructure mega-projects in China is still an
emerging research field. The measures taken for ecological
compensation during the construction of the Qinghai-Tibet
Railway attracted wide attention of scholars and
practitioners. To avoid affecting the migratory route of
wildlife, 33 passageways were designed to enable
wildlife on the plateau to go under the arches to get from
one side of the railway to the other (Qiu, 2007). And
grassland vegetation and its root soil layer were removed
during the construction of the railway and they were
replanted as soon as the work was complete (Peng
et al., 2007). In addition, focusing on the ecological
compensation carried out for hydropower projects, Yu and
Xu (2016) and Yu et al. (2016a, 2016b) constructed a
complete ecological compensation mechanism framework
to avoid partial compensation for large hydropower
projects. They also proposed a cascade ecological
compensation development mode for hydropower devel-
opment in China.
However, there are still a large number of problems

regarding the theory and practice of ecological compensa-
tion for engineering projects. As pointed out by Fang and
Elliott (2016), the policy of ecological compensation is
frequently misused in China. Project developers tend to
choose to pay government authorities directly rather than
restore ecosystems; in this way, the measures of ecological
compensation are essentially reduced to buying the right to
damage the environment. Ecosystem thereby cannot be
protected. Moreover, due to the complexity of infrastruc-
ture mega-projects (Baccarini, 1996; Bosch-Rekveldt
et al., 2011; Vidal et al., 2011), ecological compensation
for infrastructure mega-projects ought to be totally
different from that for general engineering projects.
Therefore, more research on the issue of ecological
compensation for infrastructure mega-projects is needed.

3 Research design

A case study is an empirical inquiry, the focus of which is
on a contemporary phenomenon within its real-life
context. Case studies are suitable for studying complex
social phenomena (Yin, 2013). The resulting body of case
study research has had a prominent place in many
disciplines and professions for a long time, ranging from
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psychology, anthropology, sociology, and political science
to education, clinical science, social work, and adminis-
trative science (Mills et al., 2010). Case studies have also
been widely adopted as a qualitative research method in the
literature of humanities and social science disciplines in the
past few decades (Eisenhardt, 1989; Geels, 2002; Pauget
and Wald, 2013). The design of a case study can be
categorized into single- or multiple-case studies. In this
paper, we conduct a single-site case study, which allows
for an in-depth qualitative investigation of the ecological
compensation process (Ben-Menahem et al., 2016).
Our study focuses on the ecological compensation

for Sousa chinensis during the construction of the
HZMB. Following the Three-Gorges Dam, the Qinghai-
Tibet Railway, the South-to-North Water Diversion
Project, and the West-to-East Natural Gas Transmission
Project, the HZMB is another world-famous Chinese
infrastructure mega-project which will have a great
impact on the economy, society, and environment in
China and the rest of the world. Moreover, the route of
the HZMB determined by the experts inevitably crosses
the largest Sousa chinensis reserve in China, Guangdong
Pearl River Estuary Sousa chinensis National Nature
Reserve; this is a huge threat to the rare marine mammal,
Sousa chinensis . How to prevent Sousa chinensis from
being hurt during the construction of the HZMB? This is a
question concerned by the scholars, experts, and practi-
tioners all over the world. The case of the ecological
compensation for Sousa chinensis during the construction
of the HZMB gives a successful and typical example of
reconciling the conflicts between the construction of
infrastructure mega-projects and the protection of rare
species, and the experiences of the HZMB shed light on the
environmental protection of future infrastructure mega-
projects.
To gain a comprehensive understanding of the measures

and processes of the ecological compensation involved in
the HZMB project, we visited the HZMB twice between
2015 and 2017, and undertook a sequence of in-depth field
studies at the steel bridges, immersed tunnels, and artificial
islands of the HZMB, as well as in the Pearl River Estuary
Sousa chinensis National Nature Reserve. Moreover, we
conducted a semi-structured interview with the chief
engineer of the HZMB Authority about the decision-
making processes and organizational collaboration
involved in the ecological compensation for Sousa
chinensis. We also based our case study on archive data,
including research reports entitled “Intermediate Achieve-
ment on the Feasibility Study of HZMB,” written by the
Planning and Research Institute of the Ministry of
Transport, and “The Thematic Research Report about the
Influence of HZMB Project on Sousa chinensis in the
Pearl River Estuary,” written by the South China Sea
Fisheries Research Institute, the Chinese Academy of
Fishery Sciences.

4 Case study

4.1 Background

Connecting Hong Kong, Zhuhai, and Macao, the HZMB is
a large cross-sea passage with bridges, tunnels, and
artificial islands. It is approximately 56 km in length,
with an expected service life of 120 years and total
investment estimated at about 105 billion CNY; this makes
the HZMB the longest cross-sea bridge and the cross-sea
bridge with the largest investment in the world. As a
remarkable infrastructure mega-project, the HZMB has
had a great deal of influence on economic and social
development in the China’s mainland, Hong Kong, and
Macao. In early April 2005, the Transportation Department
of Chinese National Development and Reform Commis-
sion held a technology scheme demonstration meeting for
the location of the HZMB. After a comprehensive
demonstration and comparison, the expert group recom-
mended a route from San Shek Wan to Zhuhai Gongbei/
Macao Pearl. The route started from San Shek Wan on
Lantau Island, which is in the neighborhood of the new
Hong Kong airport, then continued west across the
Guangdong/Hong Kong border, and finally reached the
Zhuhai Gongbei Port and Macao. This route was able to
meet all the requirements of the three governments
(Guangdong, Hong Kong, and Macao) and maximize the
economic and social benefits of the three regions.
However, this route inevitably crosses the largest Sousa
chinensis reserve in China, namely, the Guangdong Pearl
River Estuary Sousa chinensis National Nature Reserve,
including its core area, which spans about 9 km, and its
buffer zone, spanning about 5.5 km. The affected oceanic
area occupies up to 29 km2.
Sousa chinensis, also known as the Indo-Pacific

humpbacked dolphin, is one of 78 species of cetaceans
in the world and is currently the only existing national first-
grade attentive protected cetacean in China. Because of its
rarity, Sousa chinensis was listed in the Chinese Red List
of Endangered Animal Species in 1988, is regarded as near
extinction by the International Union for Conservation of
Nature (IUCN) Red List, and is known colloquially as a
“mermaid” or “aquatic panda.” Sousa chinensis inhabits
estuaries, a mixing zone of fresh and salt water in
subtropical sea areas. It is now found mainly in places
such as the Western Pacific Ocean and the Indian Ocean. In
China, Sousa chinensis is mainly distributed along the
south-east coast, from the Yangtze River estuary in the
north, extending southward to the Zhejiang, Fujian,
Taiwan, Guangdong, and Guangxi coastal estuaries,
including Guangdong Pearl River Estuary, one of the
most important habitats of Sousa chinensis in the world.
Nevertheless, as a result of marine pollution, habitat

shrinkage, and low reproductive rates (Sousa chinensis
only has one child every three years), Sousa chinensis is
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heading for decline and is even at risk of extinction. In
2010, before the construction of the HZMB began, the total
number of Sousa chinensis distributed in Lingding Bay
waters in Zhuhai (excluding Hong Kong waters) was only
about 1200, less than the population of the panda, as
monitored by the South China Sea Fisheries Research
Institute, the Chinese Academy of Fishery Sciences. The
survival of Sousa chinensis faces challenges and the
HZMB’s traversing of this nature reserve will undoubtedly
bring about a severe negative impact on the living
conditions of Sousa chinensis.
One potential risk during the construction of the HZMB

concerns the underwater blasting operation, which is likely
to directly kill or injure Sousa chinensis. With the large
range of the underwater blasting operation, it is difficult to
take effective measures to ensure that no Sousa chinensis
is in the affected area and to avoid them being killed or
injured. For example, when the new Zhuhai airport was
built in December 1993, the blasting of Fortress Hill on
land led to the deaths of a number of Sousa chinensis in
the nearby waters. Likewise, from 1993 to 1995, the
construction of the new international airport at Chek Lap
Kok in Hong Kong also killed Sousa chinensis during the
engineering blasting on islands and coasts. In considera-
tion of their scarcity, the casualties of Sousa chinensis
may directly affect the survival of the entire species. In
addition to this, there are other harmful ecological effects
of underwater blasting, such as killing other aquatic
organisms and producing suspended solids.
The suspended solids and pollutants produced during

construction will pollute the sea water, the place in which
Sousa chinensis live. Bridge and immersed tunnel
construction requires large-scale seabed excavation and
backfilling, which increases the suspended solids in the
water, forms a turbid area, results in the decline of water
transparency and oxygen content, and will finally affect the
water quality in the Sousa chinensis reserve. Instead of
direct effects, the suspended solids will increase the risk of
surface bacterial infection in Sousa chinensis and even
cause skin diseases for injured and weak dolphins. In
addition to this, although the fish in the Sousa chinensis
reserve have a high level of adaptability to turbid water, the
consumption of dissolved oxygen by suspended organic
matter may lead to the decrease of oxygen content in the
water and an avoidance reaction in the fish, which will
indirectly affect the foraging behavior of Sousa chinensis.
Meanwhile, the piers and artificial islands of the HZMB

may permanently change the characteristics of nearby
currents, causing variations in the flow field. The change in
the flow field will influence the local benthic ecosystem
through hydrological and geographical factors, resulting in
the mutative quantity and distribution of demersal fishes.
This will in turn affect the food sources of Sousa chinensis.
Moreover, the continuous noise occurring during the
construction of the HZMB, including the noise from
traffic and offshore construction, can disturb the echoloca-

tion system of Sousa chinensis, weaken their capacity to
forage, communicate, and respond, and thus threaten their
everyday lives.
In conclusion, the construction and operation of the

HZMB project may have negative impacts on the habitat,
vivosphere, and individual organisms of Sousa chinensis
from a variety of aspects, causing irreparable damage in
both direct and indirect ways. This results in a serious
contradiction between the infrastructure mega-project
construction and eco-environmental protection, and it is
necessary to urgently take action to protect Sousa
chinensis.

4.2 Ecological compensation for Sousa chinensis

To mitigate the negative impact of the construction of the
HZMB on Sousa chinensis, the developers of the HZMB
have taken a series of targeted measures, including
optimizing the design scheme, improving construction
methods, strengthening construction management, and
adopting ecological compensation. This paper focuses on
the ecological compensation measures undertaken during
the construction of the HZMB.
Ecological compensation is an institutional arrange-

ment, adjusting the interest relations between different
stakeholders by economic means for the purpose of the
protection and sustainability of ecosystem services. More
specifically, the ecological compensation mechanism is a
public institution that uses a mix of administrative and
market-oriented levers to adjust the relationships between
different interests, according to ecosystem service values,
ecological protection costs, and developmental opportu-
nity costs, with the intention of protecting the environment
and promoting harmonious development between humans
and nature. The HZMB will inevitably cross the
Guangdong Pearl River Estuary Sousa chinensis National
Nature Reserve; nevertheless, the extant literature regard-
ing Sousa chinensis ecological surveys in the Pearl River
estuary are insufficient. With limited scientific basis, the
impact analysis and prediction conclusions are inaccurate.
Therefore, in order to ensure the survival and development
of Sousa chinensis, it is indispensable to strengthen
scientific research, implement safeguards, and provide
protection. The HZMB project has the responsibility and
obligation to take the necessary ecological compensation
measures.
About a year after the official approval of the Sousa

chinensis protection decision, the South China Sea
Fisheries Research Institute proposed a series of sugges-
tions for the ecological compensation that should be
undertaken, which acted as references for the engineering
unit and the administrative department. After a year of
demonstration, tests, and improvements by the Adminis-
tration of Ocean and Fisheries of Guangdong Province, the
Administration of Fishery and Fishing Harbor Supervision
of the PRC, and the HZMB Previous Work Coordination
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Group, on December 4, 2007, the Administration of Ocean
and Fisheries of Guangdong Province proposed a pre-
liminary ecological compensation plan, including the
construction of Sousa chinensis rescue and nursery
bases, ecological protection research on Sousa chinensis ,
supervision expenses for the construction period, Sousa
chinensis monitoring expenses during the construction
and operation periods, food organisms enhancement in the
reserve, and economic compensation for the Sousa
chinensis supervision station on the offshore artificial
island. The total budget amounted to approximately CNY
150 million.
After the preliminary eco-compensation scheme was put

forward, the HZMB Previous Work Coordination Group
immediately convened a meeting involving the govern-
ments of Guangdong, Hong Kong, and Macao to discuss
the feasibility of a framework agreement with the
Administration of Ocean and Fisheries of Guangdong
Province, on the basis of the preliminary eco-compensa-
tion scheme provided by the Administration of Ocean and
Fisheries of Guangdong Province and Sousa chinensis
National Nature Reserve Bureau. For more details and to
ensure traceability, the governments of Guangdong, Hong
Kong, and Macao requested that the Administration of
Ocean and Fisheries of Guangdong Province provide
adequate basis materials, mainly including a list of the
national or provincial regulations and policies for each
project, contents, and budgets, and the calculation of
compensation criteria. As for the projects without available
basis or cost calculation criteria, it is necessary for the
reasons or reference projects to be exactly explained and
fully justified. On March 28, 2008, the Administration of
Ocean and Fisheries of Guangdong Province provided
specific materials for the eco-compensation plan. The
governments of Guangdong, Hong Kong, and Macao
agreed with the creditability and feasibility of the eco-
compensation scheme and, on April 16, 2008, the office
sent the materials to the Guangdong Provincial Develop-

ment and Reform Commission. Three months later, the
leaders of the Guangdong Provincial Development and
Reform Commission and Administration of Ocean and
Fisheries of Guangdong Province held a conference on the
ecological compensation of Sousa chinensis and reached a
preliminary consensus.
The preliminary ecological compensation is estimated

for the overall plan. However, considering the actual
situation, the ecological compensation measures are plan to
be taken in two phases. The first phase focuses on the
priority safeguarding measures and the second phase
measures depend on further evaluation, according to the
actual ecological impact, within one year after the project
is completed. As the construction period of the HZMB is
comparatively long, it is necessary to further explore the
details of ecological compensation measures during the
operation period. At present, only the ecological compen-
sation issues in the construction period have been taken
into consideration. This means that the ecological
compensation scheme is studied at different stages, instead
of as a whole. Adjusting the specific expenses in
accordance with the ecological investigation results, the
Administration of Ocean and Fisheries of Guangdong
Province submitted the compensation agreement on July
21, 2008. The ecological compensation problem was
solved in two periods, the cost of the first phase of
compensation reaching CNY 80 million. The specific plans
are shown in Table 1.
The HZMB Previous Work Coordination Group then

forwarded the ecological compensation scheme to the
governments of Guangdong, Hong Kong, and Macao, and
then finalized the scheme, based on feedback from them.
On November 10, 2008, the Research Report of the Impact
of HZMB on Pearl River Estuary Sousa chinensis was
authorized by the Administration of Fishery and Fishing
Harbor Supervision, Ministry of Agriculture. This event
represents the way in which the Sousa chinensis protection
decision scheme for the HZMB has taken shape, which

Table 1 The first-phase compensation scheme

No. Project Content
Compensation estimation

(thousand CNY)

1 Construction of Sousa chinensis
rescue and nursery bases

Ensure the: rescue, nursing, research, release, and rehabilitation of
Sousa chinensis

55000

2 Ecological protection research on
Sousa chinensis

Includes research on ecology, acoustics, behavioral science,
reproductive physiology, genetics, disease control, physical

and chemical environment, and ingestion

3600

3 Supervision expenses in the period
of construction (six years)

(1) One on-site supervision vessel; (2.8 million CNY in budget)
(2) Offshore Sousa chinensis rescue; (3 million CNY in budget)

(3) Vessel operating fee; (5.1 million CNY in budget, including 2.8 million CNYof
fuel and 2.3 million CNY of maintenance)

10900

4 Sousa chinensis monitoring expenses
during construction

1 million CNY in budget each year, for a total of six years 6000

5 Food organism enhancement
in the reserve

Food organism enhancement and release (3 million fish each year; 0.25 CNY per
fish for a total of six years)

4500

Total 80000
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provides an important foundation for the construction and
operation of the HZMB.
The decision-making process of ecological compensa-

tion for Sousa chinensis in regard to the HZMB is shown in
Fig. 1.

4.3 Organizational collaboration for ecological
compensation

The ecological compensation scheme was completed
successfully in less than a year, which entailed a great
deal of successful collaboration and close coordination
among the organizations involved.In the process of
developing the ecological compensation scheme, the
South China Sea Fisheries Research Institute acted as the
implementer of basic research and put forward initial
proposals; the Administration of Ocean and Fisheries of
Guangdong Province was the builder of the scheme
structure, revising and perfecting the scheme; the HZMB
Previous Work Coordination Group and the Coordination
Group Office coordinated the three governments; the
Development and Reform Commission of Guangdong
Province was entrusted by the Coordination Group to act
as the main body of coordination in the decision-making
process; and the governments of Guangdong, Hong Kong,
and Macao gave advice and made final decisions.
The organizational collaboration processes of the

ecological compensation for Sousa chinensis are shown
in Fig. 2.

4.4 Outcomes of ecological compensation

The close coordination and joint efforts of related
organizations led to effective results for Sousa chinensis
protection in the construction of the HZMB. Back in 2010,
when the construction of the HZMB had not started, the
HZMB Authority entrusted the South China Sea Fisheries
Research Institute, the Chinese Academy of Fishery
Sciences, with background measurements. The measure-
ments were taken through line transect sampling, which is
widely accepted internationally and often used in Hong
Kong. In this case, it involved sailing along a straight line
in a selected area, recording the frequency of seeing Sousa
chinensis, building a data model, and estimating the
average distribution of Sousa chinensis in the area based
on this model. According to the estimated data at that time,
there were about 1200 Sousa chinensis distributed
throughout the waters of Lingdingyang Bay in Zhuhai
(excluding the waters of Hong Kong). By September 2015,
after nearly five years of bridge construction, the
occurrence frequency of Sousa chinensis in the Pearl
River estuary of Guangdong did not decrease, but rather
rose by an obvious amount. According to statistics, from
April to August 2011, the Sousa chinensis monitoring
group voyaged 44 times, across 3337.7 km and 206.19 h,
and witnessed 742 Sousa chinensis; from April to August

2015, the monitoring group voyaged 31 times, across
3247.3 km and 166.54 h, and witnessed 1012 Sousa
chinensis. The monitoring group shortened the voyage
after four years, but witnessed more Sousa chinensis.
Shortly before the main structure of the HZMB was
finished, the Pearl River Estuary Sousa chinensis National
Nature Reserve Bureau witnessed 1890 Sousa chinensis in
total in 2016, according to the Gazette of the State of
Marine Environment of Guangdong Province in 2016,
issued by the Oceanic and Fishery Administration of
Guangdong Province. From 2010 to 2017, as the HZMB
project neared completion, the number of Sousa chinensis
did not decrease, but increased by more than 50% (see
Table 2). Moreover, since the start of the main construc-
tion, there has never been an accident involving Sousa
chinensis caused directly by the construction, nor has there
been a major marine pollution accident or the death of
Sousa chinensis caused by a pollution accident. At the
same time, the protection of Sousa chinensis in the HZMB
has also been recognized by the South China Sea Fisheries
Research Institute, the Chinese Academy of Fishery
Sciences, and the Oceanic and Fishery Bureau of
Guangdong Province. The head of the Oceanic and
Fishery Bureau of Guangdong Province acknowledged
that Sousa chinensis didn’t leave due to the construction of
the HZMB and that ocean exploitation was combined
organically with environmental protection in this case.
It is fully proven by the above evidence that the

ecological compensation measures for Sousa chinensis
have been effective in the construction of the HZMB.
Environmental social responsibility was fulfilled, with
effective collaboration and close coordination conducted
among the South China Sea Fisheries Research Institute,
the Oceanic and Fishery Bureau of Guangdong Province,
the HZMB Previous Work Coordination Group and
Coordination Group Office, the Development and Reform
Commission of Guangdong Province, the governments of
Guangdong, Hong Kong, and Macao, and other related
organizations. This case also powerfully demonstrates that
infrastructure mega-projects are not contradictory to
environmental protection; as long as they are properly
handled, they can exist together in harmony. This is a
typical successful case that solved the problem of species
protection in the construction of infrastructure mega-
projects; it sets a good example for infrastructure mega-
projects actively fulfilling their social responsibility. The
successful experience of ecological compensation for
Sousa chinensis in the case of the HZMB is of significance
for infrastructure mega-projects across China and the rest
of the world.

5 Conclusions and discussion

Taking the ecological compensation for Sousa chinensis
during the construction of the HZMB as a typical case, this
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Fig. 1 The decision-making process of ecological compensation for Sousa chinensis in regard to the HZMB
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paper studies the concrete measures, decision-making
processes, and organizational collaboration in regard to
ecological compensation for infrastructure mega-projects.

This study develops the ecological compensation mechan-
ism in regard to infrastructure mega-projects and enriches
our understanding of the ecological compensation practice

Fig. 2 The organizational collaboration processes for ecological compensation regarding Sousa chinensis in the case of the HZMB

Table 2 The population growth of Sousa chinensis
Panel A: Evidences from overall estimate

Year Population number

2010 1200

2016 1890

Annual growth rate/% 7.86

Panel B: Evidences from sample survey

Year Population number/km

2011 0.222

2015 0.312

Annual growth rate/% 8.88
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during the construction of infrastructure mega-projects.
The successful experience of the ecological compensation
for Sousa chinensis during the construction of the HZMB
can be a good example and reference for future
infrastructure mega-projects, especially cross-sea bridges
or tunnels, in terms of environmental protection.
Although the ecological compensation for Sousa

chinensis has made some preliminary achievements,
there is still a long way to go to protect Sousa chinensis
throughout the lifecycle of the HZMB. Therefore, the
ecological compensation mechanism for Sousa chinensis
in the operational phase of the HZMB should be
established and studied. Future research should focus on
the ecological compensation for Sousa chinensis in the
operational phase of the HZMB and contribute to the
lifecycle ecological compensation mechanism of infra-
structure mega-projects.
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