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Abstract: The Indo-Pacific hump-backed dolphin (Sousa chinensis Osbeck, 1765) is found throughout the
western Pacific and Indian oceans, from southern China and northern Australia in the east to South Africa
in the west. Throughout most of its range it has not been well studied, and in southern China very little is
known of its biology. The goal of the present study was to provide scientific information needed for the long-
term conservation and management of the population that occurs in Hong Kong waters. From September
1995 to November 1998, 38,105 km of systematic line transect surveys were conducted throughout marine
waters of the Hong Kong Special Administrative Region (SAR) of the People’s Republic of China (PRC) and
adjacent waters to provide data on distribution and abundance. Photo-identification of individual dolphins
allowed for examination of movement patterns, home ranges, and social organization. Collection of stranded
dolphin carcasses and detailed necropsies provided information on causes of death as well as samples for life
history studies, such as feeding habits, growth and reproduction, ecotoxicology, and stock structure.

The dolphin population appears to be centered around the Pearl River Estuary, and Hong Kong waters
represent the eastern portion of the range, which extends far into mainland Chinese waters (Lingding Bay)
and covers at least 1,800 km2. Within Hong Kong, dolphins only occur in western waters around Lantau
Island. The area north of Lantau Island is heavily used throughout the year and represents by far the most
important habitat in Hong Kong. Line transect analyses indicate that between 88 (spring) and 145 (summer)
dolphins occur in Hong Kong. Based on 27,600 photographs taken, 213 individual dolphins were identified.
The total size of the Pearl River breeding population is unknown, but is estimated to consist of at least 1,028
dolphins, based on line transect analysis. An apparent decline in the number of dolphins in the North Lantau
area over the period from 1996-1998 was not statistically significant. Individual dolphins have overlapping
home ranges of about 30400 km? in different sections of the population’s overall range. Groups of dolphins
in Hong Kong number up to 23 animals, with an average group size of 3.8 * s.d. 3.63 animals. There is no
significant seasonal variation in group size, but groups feeding behind pair trawl fishing vessels (mean = 9.6
* s.d. 5.37) are significantly larger than other groups, and groups in Lingding Bay, in Chinese waters west
of Hong Kong (mean = 8.3 * s.d. 7.84) are significantly larger than those in Hong Kong. Groups are very
fluid and change composition frequently, with association indices ranging from 0-0.333. Behavioral patterns
are similar to those of other coastal dolphins, but Hong Kong hump-backed dolphins only rarely ride bow
waves. Following pair trawlers represents an important feeding strategy for some individuals. Construction
work on an airport fuel facility in the dolphins’ main habitat appears to have caused some disturbance (in-
dicated by increased swimming speeds) and possibly temporary evacuation of the surrounding area.

There is a great deal of developmental variation in the color pattern of southern Chinese hump-backed dolphins,
with a general lightening from newborn to adult stages. Males appear to retain more spots in adulthood than
females. Length at birth appears to be about 100 cm, and postnatal development is characterized by rapid growth
in the first year and a levelling-off of the growth curve after reaching adulthood. Asymptotic length is reached at
around 243 cm. Length and weight are related exponentially, with the maximum weight about 250 kg. Calving
occurs throughout the year, but most young are born from January through August, with a peak in spring/summer.
Scant evidence suggests that sexual maturity in females is reached at about 9-10 years of age. Dolphins feed mainly
on several demersal and pelagic fish species that are often associated with estuaries, There is a lack of evidence
for long-distance movements (on the order of hundreds of linear kilometers), and this presumably results in isolation
of groups around major Chinese river mouths. Thus it appears that there may be at least 8 separate populations
of hump-backed dolphins along the coast of southern China. The Pearl River Estuary, including Hong Kong, is
apparently inhabited by one of these populations, although preliminary genetic work has shown only equivocal
evidence of population separation from dolphins in the Xiamen area. Human-related causes of mortality include
entanglement in fishing nets and vessel collisions. Some environmental contaminants (especially the heavy metal
mercury and the pesticide DDT) were found in high levels in some dolphins, and preliminary evidence suggests
that these may be affecting the health of the animals.

A series of recommendations for management and for further research have been made to aid in the
conservation of these animals. Principles for the conservation of wild living resources should be followed, and

1 Present address: Southwest Fisheries Science Center, NOAA, NMFS, PO. Box 271, La Jolla, CA 92038 USA.
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information from both the natural and social sciences are needed for proper management. Research and long-
term monitoring of the population must continue for management strategies to be evaluated and refined.
Overall, the population of hump-backed dolphins that occurs in Hong Kong waters appears to be viable and
should be able to survive with appropriate conservation efforts.
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Project Background

The Indo-Pacific hump-backed dolphin
(Sousa chinensis Osbeck, 1765) is distrib-

the Indian and western Pacific oceans,
from South Africa in the west to northern
Australia and southern China in the east
(Ross et al. 1994). Throughout most of its
range, the species has been completely un-
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studied. The only dedicated, long-term re-
search on these animals has been in South
Africa, where studies of behavioral ecolo
(Saayman and Tayler 1973, 1979; Kar-
czmarski 1996) and population biology
(Ross 1984; Cockcroft 1989, 1990, 1991;
Durham 1994; Karczmarski et al. 1999)
have been conducted, and northeastern
Australia, where Corkeron (1990) and
Corkeron et al. (1997) have done some
work on social ecology. This nearshore
species inhabits waters that are being
heavily modified for human use. Fishing,
vessel traffic, pollution, and various forms
of coastal development are affecting
hump-backed dolphins and their habitats,
both directly and indirectly. It was primar-
ily these concerns that led to recent calls
for studies of the status of populations of
this species (Perrin 1989, Reeves and
Leatherwood 1994).

One such population of this species oc-
curs, at least partially, in waters of Hong
Kong (Parsons et al. 1995). Hong Kong? is
a rapidly-developing region along the
southwestern coast of China. As one of the
wealthiest societies in southeast Asia,
Hong Kong has enjoyed the benefits of
economic development, but the natural
environment has suffered accordingly (see
Leatherwood and Jefferson 1997, Liu and
Hills 1997).

In the late 1980s, environmentalists be-
gan to call attention to the hump-backed
dolphins that occur in western waters of
Hong Kong, which until then had been
largely ignored. When plans for construc-
tion of Hong Kong’s new international air-
port in the middle of the dolphins’ range
became widely-known in the early 1990s,
concern quickly grew about the effects
that this large project might have on the
dolphin population (see review in Leath-
erwood and Jefferson 1997).

20n 1 July 1997, the British Dependent Territory
of Hong Kong became a Special Administrative Re-
gion (SAR) within the Peoples Republic of China
(PRC). Despite this, Hong Kong still retains a high
degree of autonomy, and the boundary remains a po-
litical barrier to dolphin research efforts. For these
reasons, Hong Kong is treated in this report as a re-
gion separate from mainland China.

erson 3

The present project was undertaken to
address the need for reliable information
to properly manage and conserve the dol-
phin population. The principal aims of the
study were to examine the dxi)stribution and
abundance of the population and to deter-
mine trends in numbers. In addition, in-
formation on stock discreteness, behavior-
al ecology, movement patterns, life history,
and threats to the population also was col-
lected. Preliminary results of the distri-
bution and abundance analyses have pre-
viously been published (Jefferson and
Leatherwood 1997).

Status of Knowledge on Sousa
chinensis in Southern China

Taxonomy and Systematics.——The first
scholarly description of a hump-backed
dolphin, albeit brief, was made from ob-
servations of live animals in the Canton
(Pearl) River, in mainland Chinese waters
just west of Hong Kong, by Pehr Osbeck
in 1757. He described the animals as “Del-
phinus chinensis,” but no type specimen
was collected, as this was one year before
Linnaeus’ taxonomic system was published
in 1758. Thus, by the Law of Priority, Os-
beck’s (1765) German translation must be
used for taxonomic purposes as the origi-
nal description.

Flower (1870) provided a detailed de-
scription of the skeleton of a specimen of
the “Chinese white dolphin” collected at
Quemoy (Chinmen) Island in the Taiwan
Strait, thereby solving the problem of lack
of a type specimen. Unfortunately, this
skeleton was destroyed during a bombing
raid in World War 11 (Pilleri 1979).

At least four other species of hump-
backed dolphins (genus Sousa) have since
been described: Sousa plumbea (G. Cu-
vier, 1829), S. lentigenosa (Owen, 1866), S.
teuszii (Kiikenthal, 1892), and S. borneen-
sis (Lydekker, 1901). Currently, in most of-
ficial lists all hump-backed dolphins in the
Indo-Pacific region are classified as a sin-
gle species, Sousa chinensis, with Atlantic
(West African) animals considered a sep-
arate species, S. teuszii. However, the tax-
onomy of this group is somewhat contro-
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versial (Ross et al. 1994). Some workers
have suggested that three of the five nom-
inal species are valid (Zhou et al. 1980,
Ross et al. 1994, Rice 1998). In this sce-
nario, Sousa chinensis and S. borneensis
are synonymous. However, recent mor-
phological and genetic work in progress
has been unable to find strong justification
for more than a single, highly variable spe-
cies (Ross et al. 1995, Cockcroft et al.
1997). The final story is not yet in, and
both genetic and morphological data will
ultimately play an important role in resolv-
ing the taxonomy of this group. The cur-
rent classification of the species (following
Rice 1998) is as follows:
Class Mammalia (mammals)
Order Cetacea (whales, dolphins, and
porpoises)
Suborder Odontoceti (toothed whales
and dolphins)
Superfamily Delphinoidea (dolphins
and porpoises)
Family Delphinidae (dolphins)

Genus Sousa (hump-backed dolphins)

Sousa chinensis (Osbeck, 1765)
(Indo-Pacific hump-backed dol-
phin).

Traditionally, Sousa has been considered
to be most closely related to the genera
Sotalia (the tucuxi of coastal and riverine
waters of South America) and Steno (the
rough-toothed dolphin of oceanic waters
of all oceans). Due to morphological sim-
ilarities, these three genera have been
united in the subfamily Steninae (for in-
stance, see Reeves and Leatherwood
1994). However, recent molecular studies
of the entire family Delphinidae suggest
that Sousa shares no particular affinities
with Sotalia or Steno and may actually be
more closely related to several oceanic dol-
phin genera of the tropical regions (i.e.,
Tursiops, Stenella, Delphinus, and Lagen-
odelphis) (LeDuc et al. 1999).

Physical Description.—The most strik-
ing external characteristic of Sousa chinen-
sis in southern China is the color of adults,
which differs radically from that of con-
specifics in the western part of the species’
range (Ross et al. 1994). Most adults are

brilliant white, often with small irregularly-
shaped spots and flecks (Zhou et al. 1980).
The eyes are surrounded by many black
blotches, and the body often has a pinkish
hue (Wang and Sun 1982). There is much
variation in the color pattern of animals,
depending on growth stage; young are
generally gray in color, with a lighter belly
(Wang 1965, 1995; Jefferson and Leath-
erwood 1997). Wang and Sun (1982) re-
ported some fetuses that were white or
pink in color. _

Indo-Pacific hump-backed dolphins
tend to be rather robust in body shape,
with large, broad flippers and flukes (Fig.
1). There is not a distinct crease between
the beak and melon, as there is in most
other species of long-beaked dolphins
(Ross et al. 1994). Indo-Pacific hump-
backed dolphins in China reach lengths of
at least 250 cm and weights of up to 240
kg, with females apparently growing some-
what larger than males (Wang 1965, 1995;
Wang and Sun 1982). The beak is slender
and very long and represents about 6-10%
of the total length (Wang 1965, 1995;
Wang and Sun 1982). The edges of the
flukes fold over each other at the deep
fluke notch (Zhou et al. 1980). Although
the dorsal fin sits on a broad-based hump
of connective tissue in hump-backed dol-
phins from the Atlantic and western In-
dian oceans, there is little or no evidence
of this hump in animals from southern
China, where the dorsal fin is low, broad
at the base, and slightly recurved.

The skull of Sousa chinensis is heavily
built and the rostrum is stout compared to
that of most oceanic dolphins. Condylo-
basal length of Chinese specimens reaches
at least 543 mm (Wang and Sun 1982).
Tooth counts are 30-36 in the upper jaws
and 24-34 in the lower jaws (Wang 1995),
but tooth counts as high as 37 have been
reported (Wang and Sun 1982). The man-
dibles are concave when viewed from
above, and the mandibular symphysis is
long, about 25% of the mandible length
(Wang and Sun 1982). The skull of Sousa
chinensis is characterized by widely-sepa-
rated pterygoids and a long rostrum that is
wide at the base and tapers towards the
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Fig. 1.

External appearance of a young (age = 9.5 years) mature female hump-backed dolphin from Hong Kong (SC97-31/

05-B). Photos by D. Choi (Agriculture and Fisheries Department).

tip (Flower 1870). The ear bones of new-
born animals are about the same size as
those of adults (Liu et al. 1999a).

In general there are less vertebrae than
in other dolphins, each one is longer, and
the transverse processes are broader and
shorter (Flower 1870). The typical verte-
bral formula is about C; + Tjo + Lo +
Cagg, for a total of about 51 (Wang and
Sun 1982). Wang and Sun (1982) reported
the phalangeal formula to be I, + 1I7 +
IIl5, + IVs + V. The skull and post-cra-
nial skeleton of dolphins from China were
described in detail by Flower (1870),

Huang et al. (1978), Zhou et al. (1980),
and Wang and Sun (1982).

Distribution and Abundance.—The
known worldwide distribution of Sousa
chinensis was summarized and figured by
Ross et al. (1994). This species occurs in
nearshore, shallow waters from the tip of
South Africa eastwards along the rim of
the Indian Ocean, including the Red Sea
and Persian Gulf areas. In the western Pa-
cific they are found at some locations in
the Indo-Malay archipelago and from the
Gulf of Thailand east to southern China.
Off Australia they occur along the north-
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Fig. 2. Distribution of reliable records of Indo-Pacific hump-
backed dolphins in Chinese waters (see details in Appendix 1).

ern, tropical coasts, down as far as about
35°S along the east coast (Corkeron et al.
1997). Overall, the distribution is poorly
known, and they may be found in several
areas for which there are no current rec-
ords. Hump-backed dolphins generally ap-
pear to occur in small to moderate popu-
lations, often localized around river
mouths and estuaries.

Huang (1997) reported hump-backed
dolphins from many areas along the south-
ern China coast, extending from the Yang-
tze River mouth to the Vietnam border,
but the reliability of some of these records
is questionable. Records that I consider to
be reliable (i.e., those in which identifica-
tions were supported by detailed descrip-
tions, photos, voucher specimens, or were
confirmed by a marine mammal identifi-
cation expert) are shown in Appendix 1
and Figure 2. From the map (Fig. 2), it
can be seen that most of the reliable re-
cords are centered around the mouths of
large rivers (such as the Yangtze, Ou, Min,
Jiulong, Han, and Pearl [Zhujiang] rivers).
Hump-backed dolphins are seen in every
month at the mouth of the Jiulong River
in the Xiamen area, but May and June are
reported to be the months of peak occur-
rence (Huang and Chou 1995, Huang
1997).

One of the best-known populations is
centered around the mouth of the Pearl
River (Zhujiang) and inhabits waters of
Macau and the Hong Kong SAR as well as
those of Guangdong Province of the Peo-
ple’s Republic of China (PRC). Yang and
Chen (1996) estimated that there are 300—
500 dolphins in this area, but this estimate
appears to be simply a guess. In the Pearl
River, dolphins have been reported to go
many tens of kilometers up some of the
smaller tributaries, but again the reliability
of these records is unknown (Yang and
Chen 1996).

Records along most of the Chinese coast
are sporadic and were collected opportu-
nistically. Except for the above-mentioned
areas, and the Gulf of Tonkin (Beibu
Gulf), which appear to have year-round
populations (Wang and Sun 1982), the sea-
sonal occurrence patterns of hump-backed
dolphins in southern China are not known.

Ecology.—Hump-backed dolphins in
China have not been reported to occur in
mixed groups with other dolphin species.
No records of shark or killer whale (Or-
cinus orca) predation are known from Chi-
nese waters, but both of these predators
could take dolphins, at least occasionally.

There has been very little anatomical or
physiological work done on hump-backed
dolphins from China. Blubber thickness in
Xiamen dolphins varies throughout the
year and is greatest during the cold weath-
er months (Wang 1995). The tongue and
entire digestive system were described in
detail by Ping (1927) and Tang and Huang
(1940), respectively.

Chinese hump-backed dolphins have
been reported to feed on a variety of fish-
es, squids, and shrimps (Huang et al
1978). Thirteen species of fishes were re-
corded from stomach contents of 36 dol-
phins killed in Xiamen waters in the early
1960s (Wang 1965, 1995). The fish genera
Mugil, Ilisha, and Calia were dominant; no
squid were found (Wang 1995). An animal
stranded 60 km up the Jiulong River had
fed on a number of freshwater fish species
(Zhou et al. 1980). Stomachs of specimens
from Beihai and the Gulf of Tonkin con-
tained several fish species, including at
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least one that normally occurs in deep wa-
ter (Wang and Sun 1982). Dolphins
stranded in Hong Kong fed on over 10
taxa (species, genera, or families) of pelag-
ic and demersal fishes, as well as small
numbers of crustaceans and cephalopods
(Parsons 1997). The predominant fish
groups were sciaenids (croakers) and mu-
gilids (mullet), both estuarine fishes. Tang
and Huang (1940) reported algae from the
digestive tract of one animal, but this was
probably ingested incidentally.

The parasites and pathology of hump-
backed dolphins along the Chinese coast
have apparently not been studied in any
detail. The only report in the published
literature appears to be a record of the
nematode Anisakis alexandri from the
stomach of a Chinese hump-backed dol-
phin (Hsu and Hoeppli 1934). Some par-
asites have been noted during necropsies
of dolphins stranded in Hong Kong, in-
cluding the lungworm Halocercus sp. (Par-
sons 1997). Also, unidentified trematodes
have been discovered in the orbits of a
stranded dolphin (Parsons 1997). Some
Hong Kong dolphins have been observed
with orange-brown encrustations, especial-
ly around skin lacerations, and these may
be mycotic in nature (Parsons 1997). How-
ever, it is also possible that these are sim-
ply diatom infestations, and only sampling
and analysis will resolve this issue. Sewage-
born bacteria have been identified in
stranded dolphin carcasses from Hong
Kong, but what health effects these may
have caused are not yet known (Parsons
1997).

Contaminant levels only have been pub-
lished for 11 dolphins stranded in Hong
Kong (Parsons 1997, Parsons and Chan
1998). In general, heavy metal levels were
not particularly high, but some (such as
mercury) existed in quantities that may
have caused health problems. Organochlo-
rine levels were highly variable, but some
individuals showed very high levels of
some organic compounds. In particular,
DDT levels were very high in some indi-
viduals, and there was evidence to suggest
that the source of much of the DDT was

from across the bound in mainland
China (Parsons and Chan 1998).

Behavior and Life History.—Chinese
hump-backed dolphins occur in relatively
small groups. Sizes of herds in the Xiamen
area reportedly range from 1 to 9 individ-
uals (Huang and Chou 1995), and those
following fishing boats in the Pearl River
reportedly contain 3 to 10 individuals (Wu
and Chen 1996). In Hong Kong, the av-
erage group size was reported to be about
three individuals, with groups ranging
from singles to aggregations of up to 21
(Jefferson and Leatherwood 1997, Parsons
1998a).

Swimming speeds have been reported
to be about 15 km/hr and up to 12 knots
(22 km/hr), but how these records were
obtained is not known (Wang 1995, Yang
and Chen 1996). Timed dives of individual
Hong Kong dolphins lasted from 2434
seconds with a mean of about 40-50 sec-
onds (Parsons 1997). Dives of as long as
4-5 minutes have been reported (Yang and
Chen 1996). Huang et al. (1978) stated
that hump-backed dolphins will assist in-
jured members of the group, and at least
one anecdotal record of this is known from
Hong Kong (B. Leverett in Parsons
1998a). Cases of adults supporting dead
calves also have been observed in Hong
Kong (Parsons 1998a). Although foraging
was the predominant activity observed in
Hong Kong, a variety of behaviors were
described for hump-backed dolphins
there, based on land-based observations
(Parsons 1998a). Social behavior was ob-
served most commonly between August
and November (Parsons 1998a).

In Hong Kong, hump-backed dolphins
appear to occur south of Lantau Island
primarily during summer and are replaced
in this area in winter by finless porpoises
Neophocaena phocaenoides (Parsons 1997,
1998a). Hump-backed dolphins in Xia-
men, Hong Kong, and the Pearl River Es-
tuary were reported to follow fishing boats,
primarily trawlers (Wang and Sun 1982,
Wang 1995, Wu and Chen 1996, Parsons
1998a). In Xiamen, this apparently oc-
curred primarily in summer and autumn
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(Wang 1995), but trawling is now illegal in
the Xiamen area.

Life history has not been well studied.
Three sexually mature females from sev-
eral locations in China ranged in length
from 237 to 250 cm (Zhou et al. 1980,
Wang and Sun 1982, Zhou 1991). The only
detailed study on reproductive biology of
Chinese Sousa that used multiple speci-
mens was that done on 36 Xiamen speci-
mens by Wang (1965, 1995). He found
that gestation lasted 10-12 months, and
the main mating season was April to June.
Wang and Sun (1982) found that most
calves were born from March to May, but
apparently some calves were born outside
this season, and they suggested that calv-
ing could take place over a protracted pe-
riod of about 6 months. Wang (1965, 1995)
suggested that adult females were 200-250
cm in length (the pregnant ones ranged
from 230 to 250 cm) and adult males 190—
240 cm, but he did not use histological or
statistical techniques to calculate length at
sexual maturity, nor did he age the speci-
mens. Based on the lengths of fetuses,
newborns appear to be about 100-110 cm
long (Wang and Sun 1982). Pregnant fe-
males made up about 60% of adult fe-
males from Xiamen examined by Wang
and Sun (1982).

Conservation Status.—Sousa chinensis
is listed as Insufficiently Known in the
IUCN Red Data book (Reeves and Leath-
erwood 1994), and is classified in CITES
Appendix I (Klinowska 1991). In mainland
China it is listed as a “Grade 1 National
Key Protected Species” (Huang 1997, Par-
sons 1997). In Hong Kong protection from
hunting, possession, and trade is provided
by the Wild Animals Protection Ordinance
(Cap. 170) and the Animals and Plants
(Protection of Endangered Species) Ordi-
nance (Cap. 187).

In the Xiamen area the following threats
have been identified: (1) Development
and coastal engineering, (2) Port devel-
opment and shipping, (3) Pollution, (4)
Directed and incidental catches, and (5)
Prey reduction from fisheries (Lin and
Wang 1997). Studies on hump-backed dol-
phins in the area of Xiamen Harbour sug-

gest that dolphin numbers there have de-
clined since the 1960s; however, there are
no statistically-defensible estimates of
abundance or trends (Wang 1965, 1995;
He and Huang 1995; Huang and Chou
1995). In the Gulf of Tonkin (Beibu Gulf),
dolphins have apparently been seen for
sale in local fish markets (Wang and Han
1996).

The same general categories of threat
exist for Hong Kong and the Pearl River
Estuary. At least three dolphins have been
incidentally caught in fishing nets in main-
land Chinese waters in recent years (Wu
and Chen 1996). Parsons (1997) suggested
that overfishing in Hong Kong may not
have reduced available prey so much as
changed its composition. High levels of or-
ganochlorines, especially DDT, in dolphin
tissues may explain the high incidence of
neonate strandings in Hong Kong in re-
cent years (Parsons 1997, Parsons and
Chan 1998). Preliminary research in Hong
Kong waters indicated that about 90-155
dolphins occur in the area north of Lantau
Island in any one season (Jefferson and
Leatherwood 1997), but there are fears
that the population may have declined in
recent years (Parsons et al. 1995, Yang and
Chen 1996, Parsons 1998b). The total
number of animals that use Hong Kong
waters was estimated to be at least 246,
but the total breeding population in the
Pearl River Estuary is probably signifi-
cantly higher (Jefferson and Leatherwood
1997).

Although in the past several authors rec-
ommended that dolphins be killed in the
Xiamen area to reduce competitive effects
on fisheries (Wang 1965, Huang et al.
1978), dolphin conservation zones have
been established recently for the Xiamen
and Pear]l River Estuary areas (Lin and
Wang 1997, Yang and Chen 1996). A 12-
hectare marine park, managed by the
Hong Kong Agriculture and Fisheries De-
partment (AFD), came into effect on 22
November 1996 around the islands of Sha
Chau and Lung Kwu Chau in Hong Kong
waters, largely for the protection of hump-
backed dolphins (Leatherwood and Jeffer-
son 1997, Wong 1997). This marine park
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has been the subject of some criticism
within the environmental community in
Hong Kong (Liu and Hills 1997). A Ma-
rine Mammal Conservation Working
Group (MMCWG), consisting of people
from many different backgrounds and per-
spectives, was established by the AFD to
aid in management of the park. The pro-
posal for Xiamen has also been pursued,
and a large area to the west and north of
Xiamen Island was established as a “dol-
phin sanctuary” in 1997 (Lin and Wang
1997). The effectiveness of this so-called
sanctuary remains to be seen, and my ob-
servations suggest that enforcement of
regulations is lax. Finally, a large area of
the Pearl River Estuary, west of Hong
Kong in PRC waters, has recently been es-
tablished as a dolphin conservation zone
(D. Choi, pers. comm.).

Human overpopulation, along with its
attendant problems, appears to present
the greatest threat to hump-backed dol-
phins in China. It is clear that these ani-
mals need effective protection if they are
to survive in the long term. However, de-
spite some recent, rather gloomy predic-
tions (e.g., Morton 1996, Liu and Hills
1997, Porter 1998), the species appears to
be moderately abundant along at least
some parts of the coast, and there is cur-
rently no reason to believe that the species
is doomed in China (Wang and Han 1996).
However, to ensure their protection, we
need to learn much more about their bi-
ology. In addition, long-term population
monitoring is needed, with realistic con-
servation plans set in place to mitigate ef-
fects of deleterious human activities.

Goals and Objectives of the Study

The overall goal of this project was to
provide scientific information that is need-
ed for the long-term conservation and
management of the population of Indo-Pa-
cific hump-backed dolphins that occurs in
Hong Kong waters. The specific objectives
of the study were as follows:

(a) To estimate the abundance and pop-

ulation size, and establish trends in
abundance of the population,

To strengthen the recovery of stranded
dolphins by establishing a stranding
program and network for reporting
and archiving dolphin stranding data,
To conduct complete necropsies on all
recovered carcasses in order to estab-
lish causes and rates of mortality,

To make detailed assessment of move-
ment patterns and home ranges of
Indo-Pacific hump-backed dolphins in
and around Hong Kong waters by
means of systematic surveys and pho-
to-identification techniques,

To estimate life history parameters of
the population by gonads/teeth analy-
sis;

(f) To study the feeding habits of the dol-
phins through stomach contents anal-
ysis;

To examine the stock structure of
Hong Kong hump-backed dolphins us-
ing cranial morphometrics and molec-
ular genetic techniques, and

To monitor and audit the effectiveness
of measures that have been drawn-up
to mitigate the cumulative impacts
arising from various projects on the
dolphins, and to propose further miti-
gation measures, if necessary.

(b)

(c)

(d)

(e)

(g)
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STUDY AREA AND METHODS
Study Area

Hong Kong is situated along the south-
ern coast of the People’s Republic of Chi-
na, and is surrounded on three sides by
Guangdong Province (Fig. 2, 3). It lies
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Fig. 3. Map of the Hong Kong study area, showing the primary place names mentioned in the text and the survey strata. Also
shown is the location of the land-based survey station at Sha Chau. The border shown is that in effect before mid-1997, when
the majority of data for the study were collected; the boundary has been modified slightly since then. The Lingding Bay study
area, which is part of China’s Guangdong Province, lies directly to the west of the Hong Kong/China boundary (dashed line).

along the eastern border of the mouth of
the Pearl River (Zhu g}lanag By volume of
discharge (336 X 10 the 2,214 km-
long Pearl River is Chmas second largest
river, and the largest in southern China
(Xiong et al. 1989, Dudgeon 1995, Kot and
Hu 1997). Thus, much of Hong Kong’s
western waters are estuarine, at least sea-
sonally. The reg;on is largely marine, with
about 1,800 km? of territorial waters (63%
of the total area). There are 235 islands
and about 800 km of coastline. Much of
the coastline is not natural, about 20% re-
sults from so-called seabed reclamation.
Although technically in the tropics, the cli-
mate is not strictly tropical, and distinct
seasons are evident (for a review of Hong
Kong’s natural environment see Morton
1996).

The cold North China Coast Water (Tai-

wan Current) influences Hong Kong in
winter, bringing cool waters from the
northeast, and the South China Sea Water
(Hainan Current) brings warm water from
the southwest in summer (Morton 1996).
Air temperatures fluctuate predictably
throughout the year, with highs in the
summer months. Rainfall also peaks in
summer, and Hong Kong’s winters tend to
be relatively dry. The pattern of discharge
of fresh water from the Pearl River mimics
that of rainfall, peaking in summer
months. Wind speed varies throughout the
year, with lows in spring and summer and
highs in autumn, although there is not a
great deal of variability in average Beaufort
sea state for North Lantau, the primary
survey area for this project. Environmental
parameters are summarized on a monthly
basis in Figure 4. For the purposes of this
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speed are from Ip (1996), data on Pearl River discharge are
from Broom and Ng (1996), and data on Beaufort in North
Lantau were collected during this study.

report, seasons are defined as follows: win-
ter (December—February), spring (March—
May), summer (June-August), and au-
tumn (September-November).

The human inhabitants of Hong Kong
occur in some of the highest densities
known on the planet (one district, Mong
Kok, has the world’s highest human p 2})
ulation density, 116,500 people/km?).
Overall, the region has about 6.5 million
people, and that number is growing, large-
ly through immigration from mainland
China.

The waters of Hong Kong were divided
into 8 survey areas, each of which could
be surveyed in a single day (Fig. 3 and
Table 1). The primary survey area was
North Lantau, where the dolphins were
considered to be most common and where
Hong Kong’s new airport at Chek Lap Kok
was being built. A set of transect lines was
designed for each survey area. The lines
were intended to sample each area evenly
and were drawn-up with no reference to
dolphin distribution. For logistical reasons,

WILDLIFE MONOGRAPHS

the primary lines were oriented either
north/south or east/west and generally ran
perpendicular to the shoreline. Spacing
between the lines was 1 km in the western
and southern survey areas and 2-3 km in
the larger eastern survey areas of Sai Kung
and Mirs Bay. Survey lines for North Lan-
tau were shown in Jefferson and Leath-
erwood (1997: Fig. 2).

West of the main study area in Hong
Kong, a 12-month study of dolphin distri-
bution and abundance in Chinese waters
of Lingding Bay was conducted from No-
vember 1997 to November 1998. This pro-
ject was part of an Environmental Impact
Assessment study, commissioned by the
Civil Engineering Department of the
Hong Kong SAR Government, to examine
the potential effects of the construction of
a major dredged shipping channel (the
Tonggu Waterway) in waters west of Lan-
tau Island. Survey work, conducted by
workers from the South China Sea Fish-
eries Institute (SCSFI) after suitable train-
ing by the author, followed the same pro-
cedures as that in the Hong Kong study.
Although outside the main study area of
this paper, these surveys represent a sig-
nificant source of information on dolphins
in mainland Chinese waters west of Hong
Kong, so data from these surveys are pre-
sented in this report.

Survey Methods

Vessel Surveys.—A short pilot study was
conducted from September 1995 to mid-
November 1995 to establish data collec-
tion protocols and train observers. Be-
tween November 1995 and November
1998, surveys for the main project were
conducted from 10--15 m vessels, most
commonly the Sea Horse (operated by
Ocean Park Corporation), Lady Muriel
(operated by China Light and Power), or
Harbour Front No. 13 (operated by Wing
Yip Shipping and Transportation Company
Ltd.) (Fig. 5). All boats had open upper
decks, allowing for observer eye heights of
4-5 m above water level. When on-effort,
the boat travelled along the survey lines at
a speed of about 7-8 knots (13-15 km/hr).
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Fig. 5. The Sea Horse, the primary survey vessel used in the study. Searching was carried out from the upper deck area (flying
bridge). Other research vessels were of a similar size and configuration.

The direction of the survey was alternated
on different days to avoid possible biases
related to the timing of survey coverage.
Observers from several organizations
collected survey data (Table 2). Observers
had undergone varying levels of training,
and some had previous experience with
dolphin surveys in Hong Kong. The main
observers generally underwent a 3-day
training program covering line transect

and mark/recapture analyses, survey pro-
tocol, equipment use, data sheet comple-
tion, and species identification, followed
by at-sea training. A pair of Leica Geovid
laser rangefinder binoculars was used for
observer distance calibration. Observers
practiced with the laser binoculars, and
this resulted in increased accuracy of dis-
tance estimation. Also, I periodically col-
lected data on observers’ distance estima-

Table 2. Sources of survey data for line transect and photo-identification analyses.

Organization conducting survey Time period

Frequency Areas surveyed

November 1995 to No-
vember 1998

Ocean Park Conservation
Foundation

ERM-Hong Kong January 1996 to No-
vember 1997

Airport Authority May 1996 to March

1998

November 1997 to No-
vember 1998

South China Sea Fisheries
Institute

March 1998 to Novem-
ber 1998

Ecosystems Ltd.

CES (Asia) Ltd./Maunsel July 1998 to November

1998

4-8 days/month All Hong Kong survey areas

3-10 days/month North Lantau, East Lantau,
South Lantau, Lamma, and
Po Toi

2-3 days/month North Lantau

8-10 days/month Lingding Bay (PRC) - Tong-

gu Waterway study area

1 day/month Deep Bay

5 days/month North Lantau
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tion capabilities to ensure that distance
data were accurate (see Jefferson and
Leatherwood 1997).

The on-effort survey team consisted of
two people stationed on the flying bridge
(affording them unobstructed forward vis-
ibility). The primary observer searched for
dolphins continuously with Fujinon 7 X 50
marine binoculars (with built-in compass),
scanning the search path ahead of the boat
(from 270° to 90° in relation to the bow as
0°). The data recorder filled out the data
sheets and searched for dolphins in the
search path with the naked eye, emphasiz-
ing the area near the vessel. While on-ef-
fort, observers were instructed to ignore
potential sighting cues that could bias the
sighting distance distribution (e.g., pair
trawl fishing vessels, see below). Binocu-
lars (7X or 12X) were used by the data
recorder for occasional quick scans, and to
check out possible sighting cues. In an at-
tempt to minimize fatigue, observers ro-
tated positions every 30 min and generally
had at least 30 min off after each hour of
on-effort time.

Vessel speed, course, and position were
obtained from a Garmin 75 handheld
Global Positioning System (GPS) unit (and
other similar units on some surveys),
which operated continuously during sur-
veys. The above data, as well as informa-
tion on sighting conditions (Beaufort sea
state and visibility), were obtained peri-
odically (generally at least every 15 min-
utes). When dolphins were sighted, time,
position, sighting angle and radial distance,
group size, and various behavioral data
were collected. Sighting angle was gener-
ally obtained from successive compass
bearings taken on the dolphins’ detection
location (i.e., the center of the group at
first detection) and the track of the survey
vessel. Sighting, or radial, distance was es-
timated by eye.

To calculate a value for the detection
function [g(0)] (see below), an indepen-
dent observer collected data on trac]gline
groups missed by the main survey team on
a portion of the cruises (for a total of 71.8
hours). In these cases, an observer rotated
to the independent observer position for

30 min after completing the two main po-
sitions. This was generally only done when
there were at least 4 observers on board,
so that there was still at least a 30 min rest
period before each on-effort shift.

The independent observer searched for
groups of dolphins on and near the track-
line. This person was stationed at the stern
of the vessel on the lower deck, so that
there could be no communication between
the independent observer and the main
survey team. The independent observer
scanned the area behind the vessel from
90° to 270° (relative to the bow as 0°) with
the naked eye, only using binoculars to
confirm sightings. Glare and other factors
that could affect visibility were similar for
the independent observer and the main
survey team. Because the vessel diverted
course and all observers went off-effort
when a sighting was made, any sightings
seen by the main team were unavailable
for detection by the independent observer.
The concept behind this was that the in-
dependent observer data would be used to
determine what proportion of trackline
groups was missed by the main survey
team, either due to availability bias (dol-
phins not surfacing within the main survey
team’s field of view) or perception bias
(dolphins that were available to be seen,
but were missed due to other factors) (see
Marsh and Sinclair 1989 for a description
of the differences between these two types
of bias). For the lower platform of the in-
dependent observer, there may have been
more of a problem with distance estima-
tion bias because I conducted no distance
estimation training specific to that per-
spective.

Photo-Identification.—When dolphins
were sighted the observers typically went
off-effort, and the vessel approached the
dolphin group for accurate estimation of
group size and for photo-identification
(Fig. 6). About 27,600 frames were taken
of dolphins in this study for the purpose
of photo-identification. Photographs were
taken with Nikon or Canon autofocus
cameras (primarily Canon EOS 5, 50, and
100QD models). All cameras were
equipped with databacks, and day of the
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Fig. 6. Two photos of the same individual dolphin (ELO5), taken 12 months apart, showing the features used in photo-identi-
fication.

month and time were imprinted on each
frame, allowing frames to be correlated
with a particular sighting. Two lenses, a
Canon L series 35-350 mm/f5.6 zoom and
a Canon L series 300 mm/f2.8 telephoto,
were used to take most photographs. Gen-
erally, the 300 mm lens was used with a
1.4 teleconverter, effectively making it a
420 mm/f4.0 lens.

Slide (transparency) film was shot for all
photo-identification work. Fujichrome
Provia 100 ISO, Sensia 100 ISO, Astia 100
ISO, and Velvia 50 ISO film were used
most commonly. Occasionally, when light-
ing conditions were very poor, the photog-
rapher switched to Sensia 200 ISO film.
The preferred film was Velvia; the ex-
tremely fine grain of this film resulted in
very sharp photos, ideal for identification

of individuals. However, this film could
only be used with the fast 2.8 telephoto
lens on days with good lighting.

Ideally, dolphin groups were ap-
proached slowly from the side and behind
(see Wiirsig and Jefferson 1990). Maneu-
vering the boat to within 30-50 m, directly
alongside a moving group of dolphins, re-
sulted in the best shots. Every attempt was
made to photograph each dolphin in the
group, even those that appeared to have
no unique markings.

Aerial Surveys.—Eighteen aerial sur-
veys were conducted from helicopters for
a total of 24.5 hours flight time. Generally,
there was no attempt to use aerial surveys
to collect systematic transect data; instead,
they were used primarily to collect distri-
butional data, especially in areas of the re-
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gion that were difficult to survey by vessel.
Although there were no strict transect
lines, one of three general survey routes
was followed on each flight. The most
common one covered waters of the entire
region and lasted 1.5-2.0 hours.

Surveys were flown at an altitude of
150-330 m and a speed of 110-175 km/hr.
Three or more observers searched on both
sides of the aircraft for dolphins. When
dolphins were sighted, the helicopter ei-
ther circled or hovered overhead (but off
to the side) and data on position, group
size, and behavior were noted. These sur-
veys provided the majority of information
that was available to assess dolphin occur-
rence patterns in the northeastern survey
area of Mirs Bay.

Land-Based Surveys.—To obtain unbi-
ased data on dolphin behavior, land-based
surveys were carried out on 74 days from
an observation station on the southern part
of the small island of Sha Chau (Fig. 3).
The observation station was 56.5 m above
mean water level, and was located at the
base of a radar station built for the new
airport. It provided unobstructed views to
the east for about 8 km, over much of the
main vessel survey area. Two observers al-
ternated searching for dolphins, and when
a sighting was made, both observers
worked together to collect behavioral data.
Dolphin groups were observed with Fuij