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Executive Summary
The globally significant population of the Chinese white dolphin (Sousa chinensis) in the Pearl River
Delta region is under critical threat of collapse. This report provides an emergency plan for urgent and
robust conservation action to prevent population loss.
The Pearl River Delta population of Chinese white dolphins may be the largest identified population of
the species globally, with the most recent estimate of abundance as low as 2,000 individuals (excluding
estimates from the Moyang River Estuary, Yangjiang). It is experiencing a dramatic decline in
population, primarily due to human activities and anthropogenic threats, including habitat loss and
degradation, prey depletion, underwater noise disruption, boat strikes, toxins and pollutants, and
entanglement in fishing gear. Key dolphin habitat has been degraded and fragmented by coastal and
offshore development projects and impacted by intense fisheries activities.
Long-term monitoring of dolphins in Hong Kong’s coastal waters points to a drastic declining trend,
with a drop of over 80% in estimated local abundance in the past 15 years. In the absence of up-todate monitoring for the entire Pearl River Delta region, there is no reason to expect the broader
population to be safe. The rapid increase in human threats throughout the region is most likely causing
critical declines in population viability.
The trajectory of loss is dire. Now is the time for meaningful action, at scale, to secure a future for this
iconic species in the region. Immediate action to diminish and mitigate the most significant threats is
critical to give the dolphin population a chance to stabilize and recover. Many of the most critical
threats, such as degradation and loss of key foraging grounds, noise disturbance, and boat strikes, can
be addressed immediately, although others, such as health impacts of bio-sequestered toxins, may
take years to tackle effectively.
Here we present an emergency action plan to stabilize the shrinking dolphin population and put it on
a good footing for recovery in the longer term. Further and ongoing conservation action will be
necessary to secure a future for the population. This emergency action plan is proposed by a body of
concerned dolphin specialists, including academics, marine resource managers, government
representatives, and conservationists who are active throughout the broader Pearl River Delta and
Greater Bay region. The plan is the outcome of a workshop held in August 2019 to discuss and identify
priority actions which can help turn the tide for the dolphin population.
There are three major elements of the proposed Emergency Action Plan:
1.

Protect Key Habitat – Protect critical habitat areas and buffer areas for dolphin foraging, resting
and nursery activities and manage those areas to enable dolphins to carry out their life history
without undue disturbance from the major threats mentioned above. The map below shows the
recommended locations of core and buffer protection areas; detailed breakdown of protection
measures required for each area type are listed in the report;

2.

Reduce Risks in remaining habitat areas – Specific dolphin-friendly practices to be followed
outside of key dolphin habitat areas are identified in the report;

3.

Adaptive Management – Integrate urgent ‘do no harm’ management with research to address
key knowledge gaps: commit resources to conduct research necessary to rapidly and adequately
answer outstanding uncertainty and allow refinement of these emergency conservation actions.

This report lays out a framework of recommended actions to kick-start an urgent process, by which
Governments can take the lead in the process of formulating and activating emergency conservation
actions, followed by development of a comprehensive, ongoing Greater Bay management plan. Such
a plan must incorporate input from academics, industries and affected members of the general public
such as fishers. This report does not attempt to summarize all the available information on the species,
to exhaustively examine the impacts of various threats on the dolphins in the Pearl River Delta region,
nor to thoroughly evaluate existing actions to address these threats. Previous reviews have provided
much of that information. However, contributors and partners of this conservation action plan are
committed to assisting managers to timely and effectively implement the recommended management
measures.
We strongly urge the Guangdong and Hong Kong Governments to seriously consider activating and
implementing the proposed emergency actions to help stabilize and recover the Chinese white
dolphins in the Pearl River Delta area. Further, we hope that the recommendations here can inform
the development and implementation of a management plan for the Pearl River Delta population of
the Chinese white dolphin.

Core Habitat Areas and Buffer Habitat Areas Identified by Experts and Recommended for Immediate
Action to Stabilize and Recover the Chinese White Dolphin Population in the Pearl River Delta and near
Yangjiang. Refer to Fig. 1 and Table 1 for identification of core and buffer areas.

Pearl River Dolphins in Crisis
The situation for Chinese white dolphins (hereafter, CWD) in the Pearl River Delta1 (PRD hereafter) is
dire, with rapid declines in the population (that is, about 3% annually, Annex 1 refers). In response, a
group of dolphin specialists, marine resources managers, and conservationists based throughout the
broader Pearl River Delta and Greater Bay region 2 came together in August 2019 to discuss and
recommend a set of emergency actions and measures to give the dolphin population a chance to
stabilize and recover. The plan outlined here is the outcome of that workshop, and the measures
proposed need to be acted upon immediately.
We hope that this focused effort on urgent actions to aid dolphin recovery will generate momentum
for conservation measures that will effectively stabilize and recover the dolphin population in the Pearl
River Delta region. The rationale underlying our recommendations is that the dolphin population will
stabilize and begin to recover (i) if key areas for important aspects of the dolphins’ natural history are
managed to minimize disturbance and (ii) if the threats begin to be addressed throughout the Delta.
We argue that management based on best practices and policies, implemented through close
cooperation with the private sector, fisheries, local communities, the public, and other key
stakeholders, has the greatest probability of success in protecting these iconic creatures.

Developing an Urgent Action Plan for Dolphin Conservation
Developing an emergency action plan for CWD conservation involves the following steps:
1. Identify main
threats to
dolphin survival
and
reproduction
2. Identify current
and historical
habitat areas that
are critical to
sustain dolphins
(using
standardized,
objective criteria)

3. Identify
effective
management
practices
required to
manage those
threats, both
within and
beyond the key
areas

4. Review
extent to
which extant
conservation
areas provide
required
protection

5. Identify
additional
areas
required to
ensure
effective
outcomes

To minimize human disturbance to dolphin viability, it is essential to protect all of the following
activities and behaviours: foraging; calving; resting; socializing; and movement. The threats to these
activities (step 1 above) may reduce either survival or reproduction. These threats have been welldocumented in previous studies and reports. A summary of knowledge and references is provided in a
later section of this report.
The following sections identify and demarcate key habitat areas based on best available scientific
information (step 2 above), followed by the identification of management practices required within
1

The Pearl River Delta refers to waters from Hong Kong to Shangchuan and Xiachuan Islands in this report.
The Greater Bay Area (GBA) consists of nine Guangdong cities (Dongguan, Shenzhen, Huizhou, Guangzhou, Zhuhai,
Jiangmen, Zhongshan, Foshan and Zhaoqing) and two special administrative regions (Hong Kong SAR and Macau SAR) in
south China.
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the key areas (step 3). While some dolphin protected areas do currently exist to help conserve CWDs
in the PRD (Fig. 3 refers), most of the core habitat areas and buffer habitat areas recommended here
fall outside of the extant protected areas (steps 4 & 5).
The dire situation of the PRD dolphin population demands a precautionary, adaptive management
approach: although details of population dynamics and potential sub-structure remain uncertain, all
the available evidence suggests the population is in drastic decline overall, and in imminent threat of
local extinction. Thus, failure to provide urgent protection will almost certainly allow irrevocable
ongoing decline or complete population collapse – that is, local extirpation. The solution is to provide
precautionary, adaptive management, in which ongoing management actions are proactively adapted
and revised in response to further research and monitoring of management effectiveness (further
explanation in later section). Preventative or precautionary management is also known to be more
effective and much more cost-effective than attempting to restore or reverse declines (Cooney, 2004).
It is important to note that some workshop participants were concerned that implementing an
‘emergency plan’ risks compromising the implementation of a more refined and strategic long-term
plan. As with any emergency response, it is critical, therefore, that implementation of this plan serves
as the first stage of a longer-term, well-designed strategic management plan. It must not serve as a
substitute or diversion from such long-term management. Further, this emergency plan is ‘do no harm’.
All the management actions and responses are carefully considered to optimize benefits to dolphins
and other natural elements, while minimizing human economic impacts.

Identification of Key Habitat Areas for Dolphin Conservation: Core and Buffer Areas
In order to balance protection of dolphins with human uses of the sea areas, in this report we
distinguish between core areas, which require very strong management interventions, and buffer
areas which still require significant interventions, but less robust interventions than the core areas.
This approach ensures the minimum disruption to current human uses and activities, whilst providing
the strong interventions where they are required.
Core (key, critical) habitat areas include: (i) areas that CWDs frequent often for foraging, breeding,
nursery and socializing purposes; or (ii) areas that are utilized for shorter periods of time but,
nonetheless, are important for aspects of the dolphin’s natural history. These areas are thus
considered critically important for the long-term presence of PRD dolphin population and must be
managed so as to minimize anthropogenic disturbance and threats. Identified core areas are not
limited to areas currently being used by the CWD, but also areas known to have been used commonly
in the past. This reflects the experts’ assessment that such historic core areas would very likely again
provide critical habitats in the future if threats and disturbance are sufficiently reduced. The Brothers
Marine Park in waters of the Hong Kong Special Administrative Region (SAR) is one example of such
historic core areas.

All core areas must be prioritized for immediate and effective conservation and management.
Specifically, core areas should be managed and function as no-take and no-development zones, with
limited boat traffic and other human activities, as suggested by Karczmarski and Or (2016). It is worth
noting that such management will also provide conservation benefits for a broad spectrum of other
marine species and, over time, may function to bolster local fisheries in surrounding waters.
Buffer areas are ecological corridors that connect the core areas and provide essential, lowdisturbance transit habitats within which CWDs can move between discrete key habitats. Management

of buffer areas must manage threats to dolphins transiting the areas, but still allow appropriate nonimpactful human activities and uses. We propose designation as marine parks or similar zones. The
buffer areas should be large to maintain habitat continuity and population connectivity throughout the
PRD region, thereby avoiding habitat partitioning.

Recommended Core and Buffer Conservation Areas for Chinese White Dolphins in the PRD
Fig. 1 shows the location of core habitat and buffer habitat areas for CWDs in the PRD and Yangjiang
waters. Li et al. (2019) suggested that Chinese white dolphins recorded in the Moyang River Estuary
off Yangjiang also formed part of the PRD population, and thus potential core areas there are also
illustrated in Fig. 1. These areas are identified based on peer-reviewed and published records of
dolphin distribution and habitat use throughout the whole region (for instance, by Or [2017]), along
with in-situ field observations, research data, and expert knowledge provided by CWD specialists at
the workshop. The final location and configuration of the areas are derived from extensive discussion
and sharing.

A total of 12 core habitat areas and one historic core area are identified throughout the PRD region
(Fig. 1 & Table 1). All identified core habitat areas, together with existing and proposed dolphin
protected areas in the PRD region, cover a total of 2,216 km2 of the sea. It should be noted that the
total area is still below the threshold critical habitat size for supporting minimum viable dolphin
population (Karczmarski et al. 2017), which is 3,000 km2 under stationary population structure and
suitable environmental conditions. There is also a spatial discrepancy between existing/proposed
protected areas and identified core areas, meaning that many critical dolphin areas are not under
statutory protection. For instance, the Guangdong Pearl River Estuary Chinese White Dolphin
National Nature Reserve should be expanded to also cover identified core habitat areas #8 and #9 at
the periphery of the designated Nature Reserve.
South and West Lantau (Core Area #11 in Fig. 1) is considered to be currently the most critical dolphin
habitat in the Pearl River Estuary3 (AFCD, 2019; Karczmarski & Or, 2016; Or, 2017). More than half the
total dolphin sightings made in the Estuary were recorded in this area (Or, 2017). This area has a very
long, continuous natural rocky shoreline and thus abundant supply of prey resources (further
protected since the implementation of trawl ban in Hong Kong waters in late 2012), which aligns with
dolphins’ strong preference for foraging in areas with natural coastline needs (Karczmarski et al., 2019).
As well as foraging, CWDs have been recorded resting, nursing, and socializing in this area. This core
area has been more important for the occurrence and foraging needs of CWDs since 2015, when the
range of dolphins shifted to south and west Lantau with shift in habitat use pattern in Hong Kong (Or,
2017). This shift is suggested to be caused by the dolphins avoiding near-shore construction and
reclamation works off north and northeast Lantau (AFCD, 2015). Importantly, the accumulation of data
from long-term monitoring studies allows very precise delineation of this area (Karczmarski & Or, 2016;
Or, 2017). This, in turn, means that protection of this area will provide greatest certainty in terms of
conservation benefits. The Hong Kong SAR government should prioritize South and West Lantau (Core
Area #11) for immediate conservation and effective management given its profound importance to
CWDs.
Nearshore marine areas off Sanxiakou, Dajin and Xiaojin Islands (Core Areas #4 and 5 in Fig. 1) are
identified as very critical habitat for dolphins inhabiting in Jiangmen waters. With freshwater supply
3

The Pearl River Estuary includes waters in Hong Kong, Lingding Bay and off Hengqin Island in this report.

through Hutiaomen and Yamen estuaries, and warm water released from Guohua Taishan Power
Station, the abundance of prey fishes there is high. High fish abundance in these brackish waters not
only supports frequent fishing activities, dolphins in these core areas also appear and forage in
relatively large group sizes (usually more than ten individuals, D. Y. W. Ho, pers. comm. 2020).

Figure 1| Core and buffer habitat areas, designated and proposed dolphin protected areas for Chinese
white dolphins within the Pearl River Delta and in Yangjiang waters, based on expert evaluation of all
available data, observations, and knowledge. Core habitat areas are shaded according to their relative
ecological importance (see Table 1). Inset map: detail of Core Area #11, which spans from Tai O to Lo
Kei Wan in Hong Kong SAR waters. This area is considered the most important foraging habitat for the
dolphins throughout the Pearl River Estuary.

Table 1 |Core and buffer habitat areas within the PRD recommended by CWD specialists for immediate
conservation and management to reduce anthropogenic disturbance and threats to CWDs.
Assessment criteria
Number

1
2

Core Habitat Areas
Dongping Harbour Area
Miaowan-Mangzhou Area

Frequent dolphin
occurrence
+
++

Foraging

Nursery

+
+

+
++
++

3

Shangchuan-Xiachuan Area

++

++
(seasonal fish distribution
with less frequent trawling
activities)

4

Sanxiakou Area

+++

+++

+++

5

Dajin & Xiaojin Islands Area

+++

+++

+++

6

Gaolan-Hebao Area

++

++

7

Sanzao Island Area

++

++
++
(feed on fish abandoned by
fishers, especially at night)

8

Green Island-Sanjiao Mountain
Area

++

++

++

9

Neilingding Island Area

+

+

10

Lung Kwu Chau Area

++
(more often at night)

++

+

11

South & West Lantau Area

++

12

Soko Islands Area

+++
+
(particularly at night)
++
(until 2015 when no
feeding activity observed)

+
(until 2015 when no
calf recorded)

13

The Brothers Islands (Historic)

+++
+
++ (until 2015 when
no dolphin sighting
was made within and
near the Brothers
Marine Park)

+

Frequency: - None observed; + Moderate; ++ Frequent, +++ Highly Frequent
Three buffer areas are proposed (Fig. 1) to protect the transit and connectivity between the core
habitats. Buffer Area A connects four core habitat areas (#3, 4, 5, and 6) with the Jiangmen Guangdong
Chinese White Dolphin Provincial Nature Reserve (b, refer to the section Current and Proposed Dolphin
Protected Areas below) (overlapping Core Area #5). Buffer Area B connects the Sanzao Island Core
Habitat Area (#7) with surrounding coastal waters off Hengqin and Sanzao Islands. Buffer Area C links
the five core habitat areas with the Guangdong Pearl River Estuary Chinese White Dolphin National
Nature Reserve (a), Sha Chau and Lung Kwu Chau Marine Park (c), the proposed Marine Park to
compensate for the construction of 3rd Runway at Hong Kong airport (e), proposed Southwest Lantau
Marine Park (f) and proposed South Lantau Marine Park (g).
Core habitat areas are nested within these larger buffer habitat areas to encompass as much of the
dolphins’ range as possible for maintaining habitat connectivity and integrity, as well as minimizing
‘edge effects’ within the core areas. Although there appears to be limited connectivity between
dolphin subpopulations (see Annex 1), improving population connectivity also prevents demographic
independence of the subpopulations and has an overall stabilizing effect on the PRD population
viability (Chan et al., 2019).

Following the urgent implementation of the identified core and buffer areas, a robust adaptive
management plan should be developed, incorporating regular monitoring and assessment of
management effectiveness within the designated areas, and a comprehensive marine spatial planning
should be undertaken, covering the whole PRD region. Planning mechanisms should allow revision and
adaptation of core and buffer area boundaries where required by the highly dynamic distributions of
CWDs (Chan & Karczmarski, 2017) as they respond to oceanographic changes and anthropogenic
disturbance4.
Ultimately, a network of dolphin protected area is required to maximize population connectivity and
integrity and should not only incorporate core and buffer habitat areas identified here, but also any
other critical dolphin habitats subsequently identified by new research. This network of dolphin
protected area needs to include at least 3,000 km2 of critical dolphin habitats to support the long-term
survival of the PRD dolphin population (Karczmarski et al. 2017). Ideally, with sufficient resources and
logistic support, this network could be further expanded to connect existing nature reserves not
specific to CWDs, such as the Guangdong Zhuhai Qi'ao Dangandao Provincial Nature Reserve, to form
a more comprehensive network conserving a wider spectrum of marine species and ecosystem.

Key Management Actions Required for Core and Buffer Habitat Areas
Effective management must aim to systematically eliminate or minimize the major threats and
disturbances to dolphin activities, and to secure habitat integrity, with very strong protection in the
core habitat areas supported by moderate protection in the buffer habitat areas. Further, human
activities that are highly destructive to CWDs, or their marine habitats, should be prohibited in waters
throughout the range of the population, as maintaining the connectivity between identified key areas
facilitates the stabilization of long-term viability of the PRD population (Chan et al., 2019).
All the recommended management measures are only effective if law enforcement, regulations and
relevant public education are in place. Compliance rates of these measures require regular, ongoing
monitoring and evaluation.

4

Protection should not allow for revision based on human development requirements if such revision would be
detrimental to dolphin protection.

Threats and Disturbances to Chinese White Dolphins and Specific Responses Required

1.

Threat / Disturbance: Habitat loss, degradation and fragmentation from coastal
development
Causes and Drivers: Reclamation, dredging (including marine sand extraction), dumping,
coastal development, watershed development and dam construction, infrastructure
construction, oyster farm and other aquaculture development
Urgency: High
Management and Mitigation Strategies:
● Designate dolphin protected areas aimed at protecting and restoring core and buffer
habitat areas, such as the Pearl River Estuary National Park suggested by the provincial
administration. The protected areas should at least cover a total of 3,000 km2 of
critical dolphin habitats (Karczmarski et al., 2017)
● Strictly prohibit construction works in any form, including reclamation, within and
adjacent to the core and buffer areas, and stringently regulate noise pollution and
vessel traffic impacts in nearby waters. The development-free zone should at least
cover the core and buffer areas, while the spatial coverage in adjacent waters must
account for the type of construction works involved and the estimated zone of
influence
● Ensure that construction and operational impacts from nearby development are
assessed and evaluated in all environmental impact assessments (EIAs) to not
adversely affect CWDs within the protected areas
● Strategic Environmental Assessment (SEA) should be conducted to evaluate
cumulative environmental impacts from concurrent projects, and as a process to
analyze and evaluate broader environmental implications of policies, plans and
programs at an early stage of the decision-making process
● Ban oyster farming in designated dolphin protected areas, and minimize the length
and number of oyster farms nearby in Chinese waters

2. Threat / Disturbance: Prey depletion
Causes and Drivers: Overfishing, habitat destruction by development (see above),
unsustainable and damaging fishing practices, illegal fishing and aquaculture activities,
depletion of fish by discarded fishing gear
Urgency: High
Management and Mitigation Strategies:
● Maintain adequate food supply for dolphins within Guangdong waters:
Consider to extend the duration of seasonal fishing moratorium to four months (currently
two to three months) and provide ex-gratia payment to affected fishers to keep their fishing
vessels during suspension. Increase the penalties for illegal charters with confiscation of
fishing vessels. Some experts however are concerned that ex-gratia payment

o Ban trawling and other destructive and non-selective fishing methods5 throughout
all core and buffer habitat areas. Strong evidence shows poor compliance with
existing bans on trawling and destructive fishing activities. Thus, regulations should
be effectively enforced with more frequent at-sea and coastal patrol and heavier
penalties
o Apply the ban also to non-motored trawling and other unregulated small-scale
fisheries activities, and extend the ban to spatially cover all coastal waters, at least
within 1km from shore
● Maintain adequate food supply for dolphins within Hong Kong SAR waters:
o Ban snake cage fishing in identified core and buffer habitat areas, as well as in
designated and proposed marine parks
o Upgrade enforcement and patrols of current fisheries management, including of
the trawling ban
● Maintain adequate food supply for dolphins jointly in Guangdong and Hong Kong
administrations, that is, Fisheries Department of the Agriculture, Fisheries and
Conservation Department (AFCD) of Hong Kong SAR and the Fishery Administration
under Department of Agriculture and Rural Affairs of Guangdong Province
o Strengthen patrols and law enforcement at sea, at port and along the coast to
combat illegal fishing and aquaculture activities (especially the small-scale ones),
particularly during any fishing moratorium to ensure the low-disturbance
conditions of key foraging habitats for CWDs. In particular, strengthen coordinated
patrols and enforcement to combating illegal fishing near the China-Hong Kong
SAR boundary
o Require compulsory automatic identification system (AIS) devices for all fishing
vessels operating near the China-Hong Kong SAR boundary, including small fishing
boats, and integrate AIS system with automated shore-, marine- and aerial-based
real-time monitoring by local authorities
o Provide monetary rewards to whistle-blowers of illegal fishing, and establish a
user-friendly reporting system (for example, on Wechat or Whatsapp) facilitating
voluntary whistleblowing
o Regulate small-scale fisheries such as issuing fishing permits with expiry date to all
fishers, including handlining and cage-trap operators, to gradually phase out all
fishing activities in the core and buffer dolphin areas. The regulation measures can
be accompanied with the introduction of a vessel buy-out scheme to purchase
fishing boats by the governments
o Regulate the mesh size of fishing nets and set individual and species-specific fishing
quota based on total allowable catch to prevent overfishing during fishing season
o All the afore-mentioned regulations should be integrated with community
education specifically targeting local fishers, aimed at raising their awareness,
followed by developing positive attitude towards sustainable fishery
5
Destructive and non-selective fishing includes electric fishing, dynamite fishing, gillnetting and snake-cage
fishing. According to China Fisheries (2002), these fisheries activities are currently banned in inshore and coastal
waters within 40 m in water depth.

o Strengthen cross-boundary cooperation between AFCD and the Administration of
Ocean and Fisheries of Guangdong Province for the formulation of a
comprehensive Greater Bay Area2 (GBA) fisheries conservation and management
plan. A pragmatic approach might be to start with formulating a management plan
for Hong Kong, followed by linking it with management measures adopted by the
Forestry Bureau of Guangdong Province (especially Guangdong Pearl River Estuary
Chinese White Dolphin National Nature Reserve Management Office and Jiangmen
Guangdong Chinese White Dolphin Provincial Nature Reserve Management Office)
and the Administration of Ocean and Fisheries of Guangdong Province to form a
joint cross-boundary management plan to be implemented across the whole PRD
area
o Restock fish populations in PRD waters by releasing fish fry of the prey species for
CWDs, following by the monitoring of fish movement and distribution by fish
tagging and fish survey. This will be more effective if fish restocking is
complemented by other fisheries management measures, such as the designation
and effective management of ‘no-take’ zones in core habitat areas
● Encourage the transition to sustainable fisheries, aquaculture, mariculture, and other
coastal activities in Guangdong and Hong Kong SAR
o Provide ex-gratia payment to fishers transforming their livelihoods. Organize free
vocational and conservation training programme for fishers to equip them with
skills and knowledge for sustainable operations such as nearshore aquaculture,
recreational fishing, oyster reef cultivation and harvest, restoration and
management of mangrove habitat
o Dolphin-watching tourism may connect the public to CWDs and the marine
environment and help raise public awareness of regional dolphin conservation.
However, experts advise that such tourism may contribute stress and disturbance
to the dolphins in their key habitats. If permitted, dolphin watching must be
stringently regulated to minimise disturbance. Some experts feel that any level of
tourism would be unacceptable.
3. Threat / Disturbance: Underwater noise (acoustic) disturbance
Causes and Drivers: Underwater noise from coastal development works, marine traffic and
dolphin-watching activities, and, indirectly, from bridge traffic
Urgency: High
Management and Mitigation Strategies:
● Acoustic propagation modelling (Farcas et al., 2016; Faulkner et al., 2018) must be
compulsorily incorporated in Environmental Impact Assessment (EIA) for all marine
development projects that will generate significant noise disturbance to CWDs. The
modelling should quantify the impact of underwater noise to cetaceans and, thereby,
predict the severity of actual impacts from construction noise (Southall et al., 2007).
It should ensure that the predicted zone of severe influence (for example, resulting in
significant acoustic masking, hearing loss, injury, or even death) does not spatially
overlap with any identified core or buffer dolphin areas, or designated or proposed

●

●

●
●
●

●

marine parks/marine reserves, in addition to minimising zone of acoustic disturbance
and incorporating acoustic mitigation measures
Current practice of visual monitoring of dolphin occurrence within project areas must
be complemented by compulsory deployment of real-time acoustic monitoring as
part of environmental mitigation within the EIA framework. Acoustic detection of
dolphins within dolphin-exclusion zones must trigger immediate halt to construction
work, to prevent any potential auditory disturbance or injury to dolphins
Bubble curtains should be deployed, particularly for piling works, to reduce low- and
mid-frequency noise (Würsig et al., 2000). Other underwater noise mitigation
measures should also be implemented during construction phase, as necessary.
Any construction works should avoid the peak calving season of CWDs, that is, from
March to June
Underwater noise from human activities at docks and harbours, and indirectly from
bridge traffic should also be monitored
Vessel traffic noise impacts must be minimized through:
o regulate the numbers and speed of large and particularly small, commercial,
private, and recreational vessels near the identified core and buffer areas.
Reducing vessel speed is found to alleviate auditory masking by decreasing the
reduction in marine mammal and fish listening space (Pine et al., 2018)
o standardize vessel components, such as the avoidance of use of damaged
propeller blades, to better regulate shipping noise
Larger vessels, such as ferries, barges, and container ships, should be largely diverted
from traveling through CWD core habitat areas; any residual traffic transiting these
areas must reduce speeds to 10 knots (as stated in Cap.476A Marine Parks and Marine
Reserves Regulation, The Department of Justice, 2015)

4. Threat / Disturbance: Rapidly expanding coastal and watershed development
Causes and Drivers: Rapid expansion and urbanisation of human population in the GBA
Urgency: High
Management and Mitigation Strategies:
• Regulate coastal human activities along shore and in watersheds, especially those
along natural coastlines (given CWDs show strong preference for natural rocky
shorelines, Annex 1 refers) and/or in the proximity of core and buffer habitat areas.
Alleviate the degradation of key dolphin habitats and watersheds (such as the
watersheds of southwest Lantau Island) and maintain the intactness and continuity of
natural shorelines (see 1. Habitat loss, degradation and fragmentation… above).
5. Threat / Disturbance: Vessel Strike
Causes and Drivers: Frequent vessel traffic activities
Urgency: High
Management and Mitigation Strategies:
● Regulate the number of both large and small operating boats and vessel travelling
speed near the identified core and buffer areas. As a priority, reduce ferry numbers
off south Lantau (Hong Kong) at night, when passenger travelling demand diminishes

● Re-route fast-moving boats, especially high-speed ferries in Hong Kong, away from
identified key and buffer dolphin areas
● Larger vessels should be largely diverted from traveling through CWD core habitat
areas, and, at a minimum of reducing speeds to 10 knots while transiting through
the key areas.
These measures will complementarily reduce both noise disturbance (above) and boat
strike. Although notification and an awareness notice campaign should precede
enforcement, this must be implemented with great urgency
6. Threat / Disturbance: Toxins and pollutants
Causes and Drivers: Reclamation, dredging, dumping, land-based pollution from untreated
industrial and agricultural effluent, urban runoff, domestic sewage, pollutants discharged
from ships, anti-fouling paints used in port facilities
Urgency: High
Management and Mitigation Strategies:
● Minimize water and chemical pollution from construction works
o Adopt eco-friendly best practice construction methods, such as pre-cast concrete
construction method for bored pilings and deployment of double layer silt curtains
for dredging works
o Implement emergency response plan for hazardous chemical spills
● Strengthen existing measures to minimize land-based and sea-based pollutants from
entering the marine environment, especially those that are known to have a high
propensity to bioaccumulate in cetaceans. For instance, non-biocide anti-fouling hull
coatings with similar performance and cost-effectiveness should be used to replace
heavy metal-containing coatings for boat hull painting to ensure the well-being of
CWDs and the marine environment (refer to below section for more detailed
discussion of potential toxins and sources)
● Conduct long-term monitoring of the level and trend of key or indicator pollutants
and toxins in found CWD carcasses with consequent tracing and combating the major
source of the chemicals (refer to below section for more detailed discussion of
potential toxins and sources)
● Formulate a cross-boundary water quality management plan by the Pearl River Delta
Water Quality Protection Special Panel of the Hong Kong/Guangdong Joint Working
Group on Sustainable Development and Environmental Protection
● Restore, and conduct long-term monitoring of, nearshore marsh, inter-tidal mudflat,
mangrove, seagrass bed and other wetland habitats where these habitats have been
lost. Wetland habitats serve as filters that help to improve marine water quality

7. Threat / Disturbance: Fishing gear entanglement
Causes and Drivers: Fisheries activities spatially overlap with key dolphin areas
Urgency: Moderate
Management and Mitigation Strategies:
● Fisheries practices that most commonly result in bycatch should be phased out and
banned in identified core and buffer dolphin habitat areas, as part of the cross-

boundary fisheries conservation and management plan. These non-selective fishing
methods with high-entanglement risk that should be regulated are trawling and
gillnetting (WWF, 2019)
● Conduct a rapid threat analysis of fishing effort throughout the PRD region to map the
patterns of non-selective fishing practices in core habitat areas and beyond.
Comparison of the spatial overlap between key dolphin areas with intense fishing
pressure will allow evaluation of the risk of bycatch and ghost gear entanglement by
CWDs, followed by targeted measures to prevent such impacts
● Organize free vocational and conservation training programme for fishers to equip
them with skills and knowledge for sustainable fishing including the proper disposal
of damaged fishing net
8. Threat / Disturbance: Marine litter and plastic pollution
Causes and Drivers: Excessive use of plastics, improper disposal of land-based waste,
accidental product loss during transport
Urgency: Moderate
Management and Mitigation Strategies:
● Formulate regulations to prohibit direct disposal of plastic waste into the sea and
ensure proper transport of plastics on land
● Ensure ecotourism operators, fishers, oyster farmers, and other stakeholders who
visit CWD key areas dispose of rubbish and fishing gear on land in a proper fashion
● Evaluate any adverse ecological impacts of microplastic pollution and plastic ingestion
by CWDs or other cetaceans
● Conduct public education to promote the plastic ‘4R’ concept (reduction, reuse,
recycling, recovery of plastic waste), highlighting the benefits of a waste- and
pollutant-free marine environment for both humans and wildlife
9. Threat / Disturbance: Climate crisis and global heating
Causes and Drivers: Excessive emission of greenhouse gases by human activities, global
heating, sea-level rise, more frequent severe storm events
Urgency: Moderate
Management and Mitigation Strategies:
● Evaluate any major changes to key CWD habitat areas due to the projected 2 m rise
in sea level from melting icecaps, monitor dolphin mortality after major storm events
and include trends within demographic models for CWDs
● Prioritize reduction of Hong Kong greenhouse gas emissions and implement policies
to support business and finance sector to provide global leadership in supporting a
low-carbon future

By securing habitat integrity and improving the effectiveness of conservation measures,
dolphin survival rates could be increased which then lowers the required threshold critical
habitat size and make the conservation plan more economically affordable and tractable.

Global Importance and Population Status of PRD Chinese White Dolphins
The global abundance of CWDs remains uncertain due to the lack of systematic and
standardized studies on their fragmented distribution throughout their range (Jefferson et al.,
2018). The global population is estimated at about 5,600 individuals (Jefferson et al., 2018).
Based on an inferred reduction in global population size (that is, an annual population decline
of 3.7% for dolphin populations outside of the PRD), the IUCN conservation status for CWD
was re-assessed and upgraded from ‘Near Threatened’ to ‘Vulnerable’ in 2017 (Jefferson et al.,
2018).

Figure 2| Map showing the locations of the nine identified populations of Chinese white
dolphin (Sousa chinensis) along the coast of China (based on Chen et al., 2018). The Pearl River
Delta population (PRD, in red) is the largest of the nine. DRE and SC: Dafengjiang-Nanliujiang
River Estuary community and Shatian-Caotan community. PRD: Pearl River Delta. The dolphin
population along the eastern Taiwan Strait consists of subspecies S. chinensis taiwanensis
(refer to Annex 1 for more information). Map produced using Google Map

The PRD population may be the largest identified population globally (Fig. 2), and certainly the
largest in China, with an estimate of about 2,000 individuals (Chan et al., 2019) excluding
estimates from the Moyang River Estuary, Yangjiang. This constitutes roughly one third of the
estimated global population. Data from the Bay of Bengal suggests the presence of possibly a
larger "super-population" (Smith et al., 2015) if deemed to be taxonomically similar to Sousa
chinensis (Mendez et al., 2013). The PRD dolphin population is the only population with longterm and quantitative data on population trends (for instance, 15 years of monitoring in Hong
Kong waters) (Jefferson et al., 2018). Jefferson and colleagues (2012) estimate that about 60%
to 75% of this well-documented PRD population consists of mature individuals. This is
important, because it suggests some resilience to anthropogenic impacts and, perhaps, the
potential for recovery if threats are mitigated effectively.

Among the estimated 2,000 CWDs in the PRD region, The Pearl River Estuary3 may currently
be home to about 900 dolphins, based on abundance estimates of 1,273 dolphins for the
Estuary estimated in 2010 (Chen et al., 2010), with annual declining rate of about 2.5% (Huang
et al., 2012). Over 50% of CWDs recorded by Or (2017) were sighted in the coastal waters off
west and south Lantau in the Hong Kong SAR. More than half of the PRD population (that is,
roughly 1,100 dolphin individuals) inhabit the western portion6 of PRD (W. Lin, pers. comm.
2019), including the around 500 individuals in the Moyang River Estuary (Li et al., 2019). Apart
from covering a wider region of coastal waters, the western PRD experiences less disturbance
from major human activities, such as offshore developments and shipping operations.
There is very strong evidence indicating that the population of CWDs is dramatically declining,
certainly within specific areas (for example, Hong Kong SAR) and almost certainly throughout
the PRD (Chan et al., 2019). Long-term monitoring of dolphins in Hong Kong SAR’s coastal
waters points to a drastic loss trajectory with a drop of over 80% in estimated local abundance
in the past 15 years (AFCD, 2019). Monitoring and observations in several key habitats show
decreasing numbers of animals, both in Guangdong (Wang et al., 2019) and HK SAR waters
(AFCD, 2015). Across the PRD, the population is estimated to be declining at around 3%
annually (Annex 1 refers, Chan et al., 2019). Critically, this CWD population appears to be at
the minimum number needed to viably sustain in the longer term, that is, across 32
generations (about 800 years) under stationary population structure (Karczmarski et al., 2017).
The most recent population estimate for PRD CWDs, at about 2,000 individuals (Chan et al.
[2019]), is the estimated minimum viability threshold for this population. The dolphins are,
therefore, susceptible to even minimal population fluctuation and are facing imminent risk of
stochastic extinction of this population.
It should be noted that many of the population estimates stated above are around 10 years
out of date and, thus, are likely to be overestimates because the anthropogenic threats to
dolphins, such as severe degradation and fragmentation of the already very restricted coastal
estuarine habitat, are exacerbating rapidly and drastically in recent years. The exact situation
is currently uncertain, but there is little doubt that the population is in serious decline.

Current and Proposed Dolphin Protected Areas
Current dolphin protected areas targeting conservation of PRD CWDs and their habitats
include one National Nature Reserve and one Provincial Nature Reserve in Guangdong waters,
two designated and three proposed marine parks in Hong Kong SAR waters (see Fig. 3). These
include:
a) Guangdong Pearl River Estuary Chinese White Dolphin National Nature Reserve,
established in 1999, which covers about 460 km2 of Lingding waters. Vessels engaging in
activities which could adversely impact on fisheries resources are prohibited in the core
area (Guangdong Pearl River Estuary Chinese White Dolphin National Nature Reserve
Institution, 2012);
6
The west portion of PRD includes coastal waters from Hengqin Island to Yangjiang, as illustrated in Fig. 1 of the
Final Report: A Population Viability Analysis for the Chinese White Dolphin (Sousa chinensis) in the Pearl River
Estuary (IUCN SSC CBSG, 2017).

b) Jiangmen Guangdong Chinese White Dolphin Provincial Nature Reserve, designated in
2003, which occupies around 108 km2 of waters off Dajin and Xiaojin Islands. Bottom
trawling, drift gillnetting, high-speed motorboat operation, destructive fishing, water
skiing, and activities threatening the CWD are forbidden within the Reserve (Jiangmen
Guangdong Chinese White Dolphin Provincial Nature Reserve, 2011);
c) Sha Chau and Lung Kwu Chau Marine Park, established in 1996, which covers
approximately 12 km2 of north Lantau waters. Waters within marine parks are protected
under Marine Parks Ordinance (Cap. 476, which stipulates the procedure for designation
of marine parks and marine reserves, purpose and functions), and Marine Parks and Marine
Reserves Regulations (Cap. 476A, which regulate activities therein including fishing,
mariculture, marine traffic and recreational activities in marine parks and reserves) (The
Department of Justice, 2015a, 2015b);
d) The Brothers Marine Park, designated in 2016 occupying about 9.7 km2 of northeast Lantau
waters. It is also protected under Cap. 476 and Cap. 476A. Within this Marine Park,
designated Core areas ban all fishing activities and provide mooring sites (AFCD, 2018b);
e) Proposed Marine Park to compensate for construction of 3rd Runway at Hong Kong airport,
will be designated with covering about 24 km2 of north Lantau waters. Fish fry restocking
and deployment of artificial reefs are proposed as enhancement measures (ERM, 2015);
f) Proposed Southwest Lantau Marine Park covering 6.5 km2 of Lantau waters off Fan Lau has
been proposed. The management plan for this Marine Park will be similar to that for
existing marine parks (AFCD, 2017);
g) Proposed South Lantau Marine Park occupying a total of 20.7 km2 of Lantau waters off the
Soko Islands will be designated, to be managed similarly to the current marine parks (AFCD,
2017a).

Figure 3| The map approximates the area under consideration of this analysis and existing and
proposed dolphin protected areas

Threats to Chinese white dolphins in the Pearl River Delta
Chinese white dolphins in the PRD predominantly inhabit nearshore waters, which is where
human activities are most intensive. Residing in an estuary surrounded by one of the most
highly developed and industrialized landscapes in the world, with increasingly reclaimed and
developed shorelines, the animals face significant and pervasive threats (AFCD, 2019; Huang
et al., 2012; Jefferson et al., 2009; Karczmarski et al., 2016). Some of the threats may cause
immediate loss of individuals, while others reduce fitness, survivorship, and longevity or
reproduction success. Five major threats requiring urgent action by governments and other
stakeholders have been identified:
1. Loss and degradation of shallow water habitat from coastal and river development:
Extensive dredging and coastal construction works are rapidly reducing the effective
size and structure of the key foraging habitats for CWDs in shallow estuarine waters
(Karczmarski et al., 2017), where habitats are naturally limited in distribution. Offshore
reclamation works also destroy intact and natural shorelines and key foraging habitats
(Karczmarski & Or, 2016). Coastal development projects, such as the on-going
expansion of Three-Runway System at the Hong Kong International Airport, have

reclaimed >2,600 ha of marine area in total around the Lantau Island in the Hong Kong
SAR since the mid-1990s (EPD, 2019), and have resulted in the loss of continuous
natural coastlines. Evidence shows CWDs within the Hong Kong SAR have undergone a
major shift in their distribution range and habitat use, from the once favoured waters
of north and northeast Lantau, predominantly to south and west Lantau waters with
alteration of their pattern of habitat use. The dolphins have not returned to their
previously preferred habitats in north and northeast Lantau waters, including the
Brothers Marine Park, subsequent to completion of major construction works, such as
the Hong Kong-Zhuhai-Macau Bridge (AFCD, 2015, 2016, 2017c, 2018a, 2019).
Chinese white dolphins inhabiting waters beyond the Hong Kong SAR have also been
excluded from preferred habitats. Development of oyster farms off north-western
Dajin Island, eastern Damang Island, northern Hebao Island and around Neilingding
Island has partitioned optimal habitats for dolphins and reduced habitat integrity.
Changes in upstream flow dynamics are also likely to have compromised the quality of
habitats in the Pearl River Delta. Previous studies indicated dam establishment and
channel dredging along the Yangtze River would result in reduced freshwater discharge,
sediment supply and altered hydrologic processes in the downstream section (Chen &
Zong, 1998; Wang et al., 2005; Wu et al., 2016). These in turn change the nutrient load
to the deltaic coastal system, and possibly lead to coastal erosion, saltwater intrusion,
and eventually alter the estuarine ecological system in the Delta region. Given the
seasonal variations in dolphin distribution observed in the Pearl River Estuary (including
Hong Kong SAR waters) are probably associated with the seasonal shifts in prey
movement (Chan & Karczmarski, 2017; Or, 2017), in turn influenced by the estuary
discharge (Hung, 2008; Jefferson, 2000), human activities along the Yangtze and Pearl
Rivers are likely to have indirectly changed the distribution and quality of the very
limited foraging habitat areas for CWDs in the PRD.
2. Prey depletion by overfishing and unsustainable fishing: Overall fisheries production,
marine catch of high-value fishes and mean trophic level of marine capture fisheries
have been decreasing throughout Chinese waters (Cao et al., 2017; FAO, 2001), as the
productions of both marine capture fisheries and mariculture fisheries have exceeded
the sustainable fisheries limit (Fig. 4 refers).

Figure 4| Productions of marine capture fisheries, mariculture fisheries and distant-water
capture fisheries in China from 1950 and 2015. Marine capture fisheries production and
mariculture fisheries production have been exceeding the limit of sustainable capture fisheries
respectively since 1970 and 1987. Data obtained from the China Fishery Statistical Yearbook
by the Fishery Administration of the Ministry of Agriculture (2015)

Overall, fisheries capture per unit effort in the northern part of the South China Sea
(including the PRD) decreased by over 43% from 1970 to 2008, while large demersal
and pelagic fishes have been either overexploited or fully exploited (Christensen et al.,
2003; Funge-Smith et al., 2012; Lehmköster, 2013) due to the expansion of intensive
fishing into marine areas. Shifts in catch composition towards low-value and small fish
species has been identified in northern South China Sea (Teh et al., 2016). Stomach
content analysis of stranded CWDs in the Pearl River Estuary indicated that the dolphins
also exhibit a profound diet shift over the past two decades to less diverse and smallersized prey items, indicating the animals are feeding on prey of lower trophic levels,
likely because of insufficient food supply (D. Y. W. Ho, pers. comm. 2019). Although
fisheries resources in the PRD are currently under the protection of the Closed Fishing
Area for Bottom Trawl Fishery by Motorboats, Pearl River Estuary Commercial Fish
Nursery Protected Area and South China Sea Fish Juvenile Nursery Protected Area
(China Fisheries, 2002), law enforcement and compliance within these designated
areas and during the seasonal fishing moratorium appear to be largely ineffective (Shen
& Heino, 2014). There is limited effort in fisheries management in the PRD to regulate
destructive fishing (for example, electric fishing, fixed gillnetting, dynamite fishing) and
small-scale fishing activities, or to control overall fishing effort or total catch. Illegal
fishing and aquaculture activities typically remain unreported, without effective
statutory regulations and long-term monitoring.
3. Underwater noise disturbance by marine traffic, development works and bridge traffic:
Marine construction works often generate underwater noise detectable by CWDs
(Hung, 2008; Jefferson, 2000; Wang et al., 2014), such as through percussive piling

operations (Würsig et al., 2000). Strong underwater noises may interfere with cetacean
acoustic communication, interrupt foraging and navigation, or even cause hearing loss
or death in dolphins. Noise from the propulsion systems of marine traffic can mask
dolphin whistles as recorded in west Hong Kong waters (Ocean Acoustics Ltd., 2016;
Sims et al., 2012). Marine traffic noise especially fast-moving vessels and mid-sized
fishing boats (Karczmarski et al., 2016; Li et al., 2015; Sims et al., 2012) contributes
appreciable sound levels to ambient environment, and interrupts dolphin acoustic
behaviour. The noise generated by outboards and smaller vessels is believed to be
particularly disruptive to the acoustic fishing behaviour of dolphins (L. Karczmarski, pers.
comm. 2019), as non-jet boat noise spans wider frequency range and is more likely to
mask prey fish calls acoustically. Prolonged exposure to vessel noise could even cause
chronic auditory damages and stress on CWDs. Low-frequency underwater noise (≤
100 Hz) from train and vehicle traffic passing over bridges (Marley et al., 2016) could
also be a potential noise source altering dolphin behaviour near the established bridges
in the PRD, such as the Hong Kong-Zhuhai-Macau Bridge.
The PRD has exceptional exposure to all these sources of marine noise as it is one of
the world’s busiest areas for marine traffic, has massive port facilities, and, over recent
decades, has seem enormous construction and reclamation for the Hong Kong
International Airport and the Hong Kong-Zhuhai-Macau Bridge. Together, this noise
disturbance will have had extensive impact on the habitat suitability for dolphins.
4. Vessel Strike and Traffic: Multiple, high-traffic shipping lanes overlap with key dolphin
habitat along the PRD coast. Given that CWD habitat use in the PRD appears more
highly dependent on prey availability than shipping intensity (Pine et al., 2017),
frequent vessel operations in or near key foraging sites is likely to greatly increase the
risk of CWDs being hit, injured, or killed by vessels. Scars and other injury marks
consistent with boat propellers are commonly observed on the fins or bodies of CWDs
(Chan & Karczmarski, 2015; Chan & Karczmarski, 2019). Blunt trauma by boats was
identified as one of the major causes of death in cetacean stranding cases (in which
cause of death could be determined) in Hong Kong (OPCFHK, 2014, 2015, 2016).
Previous virtopsy studies also identified blunt force trauma on about 39% of studied
carcasses of local cetacean species (Kot, 2019). Some participants in the expert
workshop suggested that smaller vessels are responsible for a large proportion of vessel
strike on CWDs, as the travelling routes of small boats are more random and
unpredictable compared to those of large vessels operating along major shipping lanes.
The presence of oncoming vessel and heavy marine traffic also induce avoidance
behaviour with altered behavioural budget in CWDs (Marcotte et al., 2015)―the
dolphins were found changing direction of movement, increasing dive times, and
changing travelling speed along major shipping lanes (Ng & Leung, 2003) or in the
presence of operating dolphin-watching boats (Tse, 2010; Wong, 2017). Behavioural
disruption will increase energy expenditure and reduce time for foraging and
reproductive behaviour, in turn, causing reduced survival and reproductive success in
the population overall.

5. Pollutants & toxins: Diverse pollutants and toxins from a wide range of anthropogenic
sources, including agricultural and industrial activities, are identified in the PRD waters.
These chemicals bio-magnify through coastal food chains and bio-accumulate in the
top predator CWDs, causing multi-organ damage and detrimental health effects on the
animals. Regional studies showed that the dolphins not only contain very high levels of
legacy Persistent Organic Pollutants (POPs, such as DDT and triphenyltin compounds
TPT) (Sham et al., 2020) and heavy metals (such as As and Cr), but are also exposed to
the highest levels of emerging POPs (such as per- and polyfluoroalkyl substances, PFASs)
currently found in cetaceans worldwide (Gui et al., 2019; Wilson et al., 2008; Xie et al.,
2020). Despite a global ban of perfluorooctane sulfonate (PFOS), it is still used and
found in the marine ecosystem of the PRD, and there is a recently increasing trend of
PFOS in CWDs. This warrants serious concerns about adverse chemical impacts on the
Delta’s whole dolphin population (Gui et al., 2019). Long-term exposure to these
chemicals could potentially disrupt immune and reproduction systems of marine
mammals, making them vulnerable to diseases and causing dwindling birth rates. For
instance, organochlorides can bio-accumulate in CWDs and be transferred to calves
through parturition and lactation. Sequestration of toxins in cetaceans has been
implicated in high dolphin neonatal mortality rate (Jefferson et al., 2006),
immunosuppression and reproductive anomalies (Cagnazzi et al., 2020), and impacts
on health and survivorship in adults in other species (Martineau et al., 2002).
There are several additional threats to CWDs, considered less significant as drivers of
population declines, but which nonetheless compound the overall pressures. These include:
6. Marine litter and plastic pollution: Land- and sea-based marine litter, especially plastics,
could be a potential threat to CWDs in the PRD. Autopsies of stranded CWD suggest
that plastic ingestion by CWD is low compared to many other cetacean species.
However, microplastics were previously recorded in the intestines of adult and calf
CWDs, indicating that consumption of prey and unintentional ingestion are potential
pathways of microplastic accumulation in the dolphins (D. Y. W. Ho, pers. comm. 2019;
Zhu et al., 2019). Further studies are needed to assess the adverse impacts of
microplastic pollution on CWDs.
7. Entanglement in fishing gear and by-catch: The risks to dolphins of entanglement in
fishing gears is important, although quantitative data are lacking. Further, these risks
are likely to be changing due to changes within fisheries and their management. Midwater and bottom trawling has been banned year-round in Hong Kong waters since late
2012 (AFCD, 2018c), potentially leading to redistribution of fishing effort to include
increased trawling outside the Hong Kong SAR, and increased small-scale fishing
activities in Hong Kong SAR and/or the rest of the Pearl River Estuary. Either or both
shifts may contribute to increased gear entanglement. Non-selective fisheries other
than trawling, such as gillnetting, are operating throughout the year in the PRD. Chinese
white dolphins in the PRD are frequently seen following fishing boats for food, mainly
trawlers, gill netters and purse seiners (Hung, 2008; Karczmarski et al., 2016), greatly

increasing their risk of being accidentally caught (that is, by-catch). Such by-catch has
been observed to occur in both Hong Kong (Peng Chau and Tai O fishers, pers. comm.
2020) and other waters in the PRD (Karczmarski et al., 2016), although the patterns or
magnitude of consequent mortality is largely unknown. Dolphin by-catch was also
recorded around Hainan Island where gillnets were the primary fishing gear used in
local fisheries (Liu et al., 2017). The potential threat of dolphin entanglement is also
indicated by the lesions observed on CWDs stranded on the coast (Chen et al., 2010;
Jefferson & Parsons, 2000; Kot, 2019). These lesions often show clear patterns of fishing
gears. Although fishing gear entanglement is a less severe threat compared to those
listed above, exceptionally high rates of fatal gillnet entanglement in CWDs have been
found in other areas where CWDs are exposed to intensive small-scale fisheries, such
as in Bangladesh (Smith et al., 2015) and western Peninsular Malaysia (Jefferson et al.,
2018).
8. Climate change: Model estimates predicted that global heating and consequential
changes in sea levels and rainfall patterns are likely to alter hydrological processes and
nutrient input in the form of increased sediment and nutrient loads into the lower Pearl
River Basin and accelerated eutrophication in the coastal area (Li et al., 2011). A
projected 1-2 m rise in sea level over the next several decades will alter the distribution
of shallow water habitats preferred by CWDs, but the nature and extent of these
changes remains uncertain (Kulp & Strauss, 2019). Warming waters and more extreme
storm events may shift favoured water conditions for CWDs and their prey species.
Given the extensive coastal development in the PRD, it is highly probable that these
changes will cause further loss of total available habitat.

Knowledge Gaps, Areas of Uncertainty and the Need for Adaptive
Management
During the workshop, and in this report, the participants distinguished between knowledge
gaps that have important and/or urgent consequences for implementing conservation actions,
and other areas of uncertainty or differences of perspective between different experts.

Gaps in Knowledge important for conservation actions
Although Chinese white dolphins are relatively well-studied (especially in Hong Kong SAR
waters) compared to other marine fauna species in China, human-dolphin interactions and
how its prey species respond to anthropogenic impacts remain poorly understood. Little is
known about the social interaction of dolphins utilizing different core areas, as there are few
studies examining individual habitat use, residency and movement patterns, and the
community structure of a particular social cluster (except for the social groupings in Hong Kong
and PRE waters [Or, 2017, Karczmarski et al., 2019]). Recent studies (Chan et al., 2019;
Karczmarski et al., 2019) indicated that the PRD population consists of socially distinct and
spatially discrete subpopulations (or communities). Due to the long-term moderate-to-strong
fidelity to key habitats, long-distance movement (several tens of km) of dolphin individuals is
infrequent yet important. Further information is important for determining whether a large

and continuous buffer area connecting all core areas identified in the PRD region should be
proposed and managed accordingly. In this context, it must be emphasized that the core and
buffer habitat areas suggested in this plan provide the minimum well-managed areas required
during the early stage of regional dolphin conservation.
Distribution and behavioural patterns of CWDs during the night remain poorly known
throughout most of the species’ range in the PRD waters. Well-designed acoustic monitoring
research is required for the identification of key nocturnal habitats and behaviours. Incomplete
data on fisheries resources in the PRD region also hampers the identification of potential key
foraging sites for CWDs.
The spatial coverage of core dolphin habitat areas in the western Pearl River Delta region
should be reviewed as more research studies on CWD distribution, habitat use, and
behavioural patterns become available. The uncertainty inherent in current knowledge of
CWD habitat use and distributions, and the need for precautionary management, dictate that
this plan includes relatively large core habitat areas (refer to Fig. 1). More precise information
on spatial use patterns by the CWD may allow more precise, and hence reduced areas of
protection, in turn allowing less limitation on human activities.
There is still a lack of quantitative evidence about demographic responses of CWD to the
various human threats, especially impacts of climate change or toxins, and the extent to which
impacts accumulate, although Wilson et al. (2008) provided an initial assessment and
categorization. This lack makes it more challenging to formulate robust conservation strategies
and management plans.

Areas of Uncertainty
The baseline profile of dolphin habitat use, distribution, and abundance in the PRD region with
minimal human impacts remains essentially unknown, given the lack of historical data (50 to
60 years ago) before the massive development of the Pearl River coastal areas and catchment.
The westward boundary of the PRD population is believed to be the Moyang River Estuary (Li
et al., 2019), although some participants suggested that dolphins in the western portion of the
PRD could constitute a separate demographic unit. The migration rate of dolphins between
the eight identified CWD populations (Fig. 2 refers) along the coast of China is poorly
understood, although the specialists consider that such movement is limited.
Long-term monitoring and hydro-ecological studies are needed to examine any potential
indirect impact of human activities along the Yangtze and Pearl Rivers to seasonal movement
of prey and in turn dolphin distribution in the Pearl River Estuary, including Hong Kong SAR
waters. The severity of marine plastic ingestion in CWDs and sediment pollution impacts on
dolphin echolocation is also unclear, as are the impacts of toxin bioaccumulation on health and
survivorship. This threat may be a major driver of population decline but we have little
evidence for its importance or lack of, or the sources, or impacts involved.
Most core habitat areas shown in Fig. 1 are areas with frequent dolphin occurrence. It should,
however, be noted that spatial distribution of this highly adaptive dolphin species may change
drastically and rapidly in response to prey availability, anthropogenic impacts, and

environmental stochasticity. An alternative approach suggested was to designate core areas
to cover areas with rich fisheries resources for CWDs instead, given that dolphins prefer waters
with sufficient prey availability, regardless of the intensity of human disturbance there (Pine et
al., 2017).
Participants’ opinion was divided regarding the ecological importance of the existing
Guangdong Pearl River Estuary Chinese White Dolphin National Nature Reserve. Moderate and
primarily steady numbers of dolphin sighting were previously recorded within the designated
Nature Reserve in the past decade, yet there is evidence indicating that CWDs observed within
the Nature Reserve are in fact predominantly travelling, as distinct to using the area for
foraging, etc. Therefore, the Nature Reserve, together with the southern part of the Sha Chau
Lung Kwu Chau Marine Park, are regarded here as buffer habitat area as illustrated in Fig. 1,
and all the management measures recommended for buffer habitat areas should also be
implemented within this existing Nature Reserve. The spillover effect brought by the
conservation of these waters could benefit the core habitat areas and nearby marine areas
ecologically. Opinion on the ecological importance of coastal waters off Gaolan Island was
similarly divided.

The Critical Need for a Precautionary and Adaptive Management Approach
The dire situation of the PRD dolphin population demands a precautionary and adaptive
management approach. Precautionary management requires the prevention of ongoing harm
or loss, in recognition that the consequences of failing to act will be more difficult, and more
expensive, to reverse than any potential consequences of imperfect management actions
(IUCN Council, 2007). Thus, for PRD CWDs, we know with confidence that the actions
recommended in this plan, such as protecting key habitats, reducing vessel strike, and
supporting fisheries sustainability in the PRD, are ‘do no harm’ actions, which:
•

provide the best prospects for dolphins, given current knowledge;

•

are resilient to potential future improvements in knowledge (see below);

•

minimize social and economic impacts on current and future human activities.

The workshop participants recognize that current knowledge of PRD CWDs is imperfect
(previous sections), but it is extremely likely that the dolphins are declining seriously and will
continue to do so without urgent action. Thus, lack of action is most likely to result in further
declines when the population is already at a tenuous level for long-term sustainability
(Karczmarski et al., 2017; Thompson et al., 2000). Further, delayed mitigation of the
anthropogenic threats risks the threats being too costly, or impossible, to reverse.
Technically, it remains possible that observed population declines, such as seen in the longterm monitoring by the AFCD of the Hong Kong SAR, in fact represent population shifts within
the broader PRD region, and that overall populations are not in major decline, given insufficient
standardized monitoring across the whole region. However, given that habitat degradation,
fisheries declines, increased pollution, indeed all the threats to dolphins, have been severe
throughout the region, it is highly plausible that the overall population is stressed. Further,

given the consistent increases in all threats across most of the PRD, dolphin population is
certain to suffer future declines without the measures proposed here. Thus, waiting for
‘conclusive’ knowledge risks failure, whereas precautionary urgent implementation of the
proposed measures poses negligible risks and is all but certain to provide excellent return on
investment.
Similarly, emerging information on possible population sub-structure within the PRD
population will likely be valuable for fine-tuning the spatial design of core and buffer areas (Fig.
1), but it is very unlikely that the measures proposed here would be anything but beneficial
overall. It is difficult to conceive any population structure in which the measures proposed here
are not a significant improvement on the current lack of adequate protection.
It is critically important that the recommendations in this report are recognized as the first
steps in an ongoing, adaptive upgrade to PRD dolphin management, and are not seen as final
or sufficient in the long-term. Some workshop participants are particularly concerned that the
‘first-aid’ approach here risks long-term complacency in policy implementation and that
government agencies will fail to follow through with the longer-term strategies (ongoing
‘health care’) outlined below. In such eventualities, CWDs are likely to collapse anyway, despite
successful implementation of the interim measures.
The concept of adaptive management (Fig. 5) provides an effective tool for achieving
conservation outcomes in the face of incomplete or uncertain knowledge. The cycle involves
regular review of both system status and management effectiveness (Holling, 1978; Walters &
Hilborn, 1978), supporting implementation of improved management on an ongoing basis.
Comprehensive assessment of the system response to management actions provides the basis
to adapt and improve those actions. Importantly, this approach allows for the changing nature
of ecosystems or species populations, and the threats to them, and allows for proactive
implementation without delays due to information gaps: research is integrated with
management, to the benefit of both (Holling, 2004; Hughes et al., 2007; McCook et al., 2010).
Formally, adaptive management provides a structured, iterative process to optimize decision
making in the face of uncertainty, with the aim of reducing uncertainty over time via system
monitoring. Importantly therefore, lack of information, is specifically addressed by monitoring
the system in response to management actions – it avoids the risks of delaying action to
acquire information, which often amounts to no management at all.

Figure 5| Adaptive management cycle (copied with permission from McCook et al., 2017). The
cycle involves phases of (i) conceptualising the current population status and threats and other
management challenges; (ii) planning, including both actions (based on current best
knowledge) and targeted monitoring and research; (iii) implementation of actions and
monitoring; (iv) assessment and review of system condition and management effectiveness;
(v) reviewing and revising system knowledge as affected by management; (vi) adaptation and
revision of plans feeding pack into implementation of improved actions, ongoing review and
improvement

Thus, for management of PRD CWDs, our workshop and this report address phases (iv)
(analysis and review of current population status and management effectiveness), (v)
(updating, collating and integrating current understanding) and (vi) (providing
recommendations for management upgrades). Importantly, implementation of the improved
management, that is critical for preventing the eventual local extinction of CWDs in the Pearl
River Delta region.

Challenges for Management
Several key challenges were identified regarding the existing management practices for the
Chinese White Dolphin Nature Reserves situating within the PRD region. These include: (i) a
lack of standardized management guidelines and regulations; (ii) insufficient skilled and trained
staff; and (iii) inadequate funds, for achieving the conservation goals.
More broadly, within the PRD region and dolphin conservation community, key aspects
identified as requiring improvement include:
1.
2.

3.

facilitation by provincial management (Guangdong) of coordination between
administration sectors of different cities for dolphin conservation at population level;
shared database and a common platform to facilitate the exchange of research and
conservation data, such as stranding and necropsy data, among cetacean institutes,
administrations, and other relevant stakeholders;
cooperation between cetacean academics and specialists of other expertise, such as
hydrologists, maritime and logistic experts;

4.

sufficient extra-gratia payment for affected fishers for the implementation of
extended seasonal fishing moratoriums.

A minimum level of survey effort and research, using standard and comparable monitoring
techniques is needed to be adopted and employed by CWD researchers and surveyors. Timely
sharing of data among researchers and dolphin managers throughout the region is important.
Coordination of efforts to set standards, carry out surveys in well-targeted locations (perhaps
within core habitat areas), and streamlined sharing of data, are all critically important at this
juncture.
Some technical challenges were identified for the implementation of these conservation
measures. For example, there is a lack of machine-learning research and development capacity
for the establishment of a completely automated patrol and monitoring system to be applied
in Marine Protected Areas (MPAs). Underwater acoustic research is often hindered when
underwater hydrophones, deployed for acoustic monitoring, are lost or damaged by illegal and
destructive fishing operations taking place in study areas.
One of the greatest challenges for saving the Pearl River Delta’s iconic dolphins will be the
urgency required in establishing, and making stakeholders aware of, CWD core and buffer
habitat areas and the management actions to be implemented within them. To make a real
difference to the plight of the dolphin populations, considerable resources need to be available
to engage and inform stakeholders, to change ongoing economic and leisure activities within
core areas, and to ensure adequate monitoring and enforcement of informal best practices
and formal regulations.
Finally, there is uncertainty as to whether setting-up and managing core and buffer habitat
areas for dolphins will be enough to turn the tide for the crashing dolphin population. Health
and demographic impacts from sequestered toxins or ongoing vessel strike outside of key
areas may doom the PRD dolphins despite our best efforts to protect key habitat areas.
Certainly, implementation of core and buffer areas must be supported by further,
complementary measures, as indicated. Further, protection and management of these core
areas will at least give the dolphins a better chance to stabilize and recover and will have major
benefits for the broader biodiversity and ecosystem services of the PRD. What is needed is
clear and feasible, given enough government will, investment, and effective engagement with
stakeholders and implementation in a timely fashion. We may not be able to save the dolphins
of the PRD, but we must give it our best try.

Conservation Strategies
The coastal and marine spatial planning approach for CWD conservation should be
implemented with treating the continuous spatial range of CWDs in the PRD (as shown in Fig.
3) as a single conservation unit. A recommended chronology is as follows:
1. Core and buffer dolphin areas recommended above should first be protected and
managed effectively to ensure the integrity of the key dolphin habitats in the PRD. This
should be followed by:

2. Designation of more marine protected areas around the existing Jiangmen Guangdong
Chinese White Dolphin Provincial Nature Reserve, given the high ecological importance
of waters around the Dajin and Xiaojin Islands (that is, Core Area 5 mapped in Fig. 1).
3. Designation of a large and continuous MPA connecting the proposed and designated
Marine Parks in Hong Kong, the Guangdong Pearl River Estuary Chinese White Dolphin
National Nature Reserve and other statutory Nature Reserves, such as the Qi'aoDangan Island Provincial Nature Reserve for the conservation of mangrove habitat, to
maximize the marine area under protection within Lingding Bay.
A government commission (including a PRD CWD working group) should be established for
cross-boundary dolphin conservation planning and management, with involvement of:
•
•

•

The Environmental Bureau, AFCD and the Environmental Protection Department from
the Hong Kong SAR Government
The Forestry Bureau of Guangdong Province (especially the Guangdong Pearl River
Estuary Chinese White Dolphin National Nature Reserve Management Office and
Jiangmen Guangdong Chinese White Dolphin Provincial Nature Reserve Management
Office)
The Administration of Ocean and Fisheries of Guangdong Province from the National.

The commission should first evaluate the effectiveness of all existing cross-boundary
governmental communication arrangements and consider the necessity of creating new
communication channels specifically to facilitate regional dolphin conservation. Consistent
with the recommended management measures in this plan, the commission should formulate
conservation policy papers reviewing the enforcement effectiveness and comprehensiveness
of extant CWD conservation policies respectively in Guangdong and Hong Kong SAR (IUCN SSC
CBSG, 2017). These papers should also evaluate the feasibility of improving relevant legislation
guiding management planning for cross-boundary dolphin conservation, as well as the
management of fisheries resources. Commission members should work together and develop
guidelines for regular evaluation of the conservation effectiveness of protected dolphin areas
throughout the PRD.
Establishment of a cetacean stranding response system, accompanied by improved sanctuary
and release facilities for stranded individuals, is crucial for effective dolphin conservation. It is
also important to establish a cross-boundary stranding programme database for long-term
monitoring of dolphin death and potential major human threats in the Delta region.
In addition to the recommendation here to establish and effectively manage core habitat areas
and buffer habitat areas for CWDs, we advocate close cooperation among academic institutes,
administrations, conservation groups and other relevant stakeholders within the Greater Bay
Area. Formulation of coastal and marine spatial planning strategies could be achieved, for
instance, by facilitating knowledge and idea exchange among members of the Chinese White
Dolphin Conservation Alliance via regular, discussion-oriented workshops. Mechanisms and
incentives encouraging the sharing of data and information on dolphin conservation among
academic institutes (such as collaborative photo-ID analysis), within decision makers and
between researchers and other relevant stakeholders, should be created. For instance, direct

communication channels with relevant government officials working on the conservation of
threatened marine species and/or the management of marine/coastal protected area should
be established (IUCN SSC CBSG, 2017).
Experience globally shows that to be effective, management needs to integrate both ‘topdown’ government involvement and ‘bottom-up’ approaches that engage local stakeholders,
such as fishers and shipping companies, in the formulation and implementation of MPA
management strategies aimed at balancing biodiversity conservation and sustainable socioeconomic development (e.g. Great Barrier Reef Marine Park Authority, 2014). Good
compliance with management and regulations requires investment in both enforcement (for
example, patrols) and engagement to ensure that public and stakeholders are aware of,
understand, and ideally support, the management and regulations. Along with proposing new
and improving existing cetacean conservation policies, the governments (for instance, AFCD
and the Environmental Protection Department from the Hong Kong SAR) should establish more
consultative and transparent processes that give stakeholders opportunities to review, critique
and enhance planned action subject to permitting or approval by the governments, such as
MPA designation. Regular meetings (both informal and formal) between government
representatives and other relevant stakeholders (such as conservation groups, ferry
companies, fishers and local villagers) will ensure inputs from various parties are embedded
within the policy development and legislation processes.
Developing an education strategy for communities and different industries is also crucial to
gain public support for dolphin conservation measures, by raising public awareness on the
value of marine ecology and CWDs, and the potential compatibility of effective dolphin
conservation with successful business and sustainable development. For example, technical
workshops targeting fishers and intended to reduce by-catch and fishing gear entanglement,
should be organized regularly so that fishers are aware of their sector’s impacts on the dolphin
population and habitat.
The CWD population in the PRD may disappear within a few short years if immediate and
meaningful conservation action is not taken at scale across the region. Specialists who know
these animals best have proposed here a practical ‘first aid’ approach to stem the loss of
dolphins and put them on a path to recovery. It is now up to government, the private sector,
local communities, and the public to gather the will and act in time to keep the Chinese white
dolphin in our waters. Like the pandas in terrestrial Chinese forests, the Chinese White Dolphin
is an iconic animal, representative of Guangdong and Hong Kong’s maritime heritage.
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