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Abstract

The Indo-Pacific humpback dolphin (Sousa chi-
nensis) is classified as “Near Threatened” by the
International Union for Conservation of Nature
due to the proximity of much of their habitat to
areas of intensive anthropogenic activities. In
China, S. chinensis mainly distributes in south-
eastern coastal waters, especially along the coast
of Fujian Province, although most information
available for this species is in Xiamen Bay. In this
study, we interviewed inshore fishermen along the
Fujian coast to collect local ecological knowledge
(LEK) of S. chinensis and to explore the histori-
cal and current distribution patterns of S. chinen-
sis. In total, 239 experienced inshore fishermen
were interviewed at 27 fishing communities.
Responses suggested that S. chinensis was dis-
tributed widely along the Fujian coast historically
(about 30 y ago), and that now, except for Xiamen
Bay, there were only sporadic sightings of S. chi-
nensis in Ningde waters, Quanzhou Bay, and
Dongshan Gulf by fishermen. Field boat-based
surveys conducted in Ningde waters, Quanzhou
Bay, and Dongshan Gulf confirmed the existence
of S. chinensis in these three regions. S. chinensis
in Ningde waters, Quanzhou Bay, and Dongshan
Gulf seem to be resident individuals with very
small group sizes such that conservation of these
groups should be given high priority before they
become extinct.
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Introduction

The Indo-Pacific humpback dolphin (Sousa
chinensis) is typically found in estuarine areas
characterized by major river outflow and turbid
water (Ross et al., 1994; Jefferson et al., 2009).

Based on stranding data, Jefferson (2000) hypoth-
esized that there were probably eight different
local S. chinensis populations along the south-
east Chinese coast. Only five resident popula-
tions (i.e., Xiamen, Western Taiwan coast, Peal
River Estuary, Leizhou Bay, and Guangxi coast)
have been identified and studied (Jefferson &
Hung, 2004; Zhou et al., 2007; Zhang & Tang,
2008; Chen et al., 2009) (Figure 1). In addition,
Wang et al. (2012) confirmed the existence of
S. chinensis in Shantou waters of Guangdong
Province (Figure 1). This species was classified
by the International Union for Conservation of
Nature’s (IUCN) (2013) Governance of Natural
Resources as “Near Threatened” due to the prox-
imity of much of their habitat to areas of intensive
anthropogenic activities. In China, the species
was listed as a Grade I National Key Protected
Animal in 1988 and in the Chinese Red List of
Endangered and Threatened Wildlife and Plants
in 1994.

In China, studies on S. chinensis have included
local ecological abundance surveys (Jefferson,
2000; Jefferson & Hung, 2004; Chen et al., 2006,
2010; Zhou et al., 2007), morphology (Huang
et al., 1997; Jefferson, 2000; Han et al., 2003),
and genetics of stranded specimens (Chen et al.,
2008; Lin et al., 2012). Despite being of conser-
vation concern, the distribution of this species is
still unclear. According to occasional stranding
reports, this species has been found along the
northeast Chinese coast (i.e., Dalian, Liaoning
Province; Han et al., 2003).

Fujian Province has a coastal belt extending
up to 3,752 km that includes many harbours and
estuaries, which provide appropriate habitat for
S. chinensis. Historically, strandings and wild wit-
ness of S. chinensis occurred in Shacheng Port,
Sanduao waters, Minjiang River estuary, Xinghua
Bay, Meizhou Bay, Quanzhou Bay, Xiamen Bay,
and Dongshan Gulf (Huang, 1997). Unfortunately,
studies on distribution and abundance of S. chinensis
along the Fujian coast have not been conducted with
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Figure 1. Five resident Indo-Pacific humpback dolphin (Sousa chinensis) populations (i.e., Xiamen, Western Taiwan coast,
Peal River Estuary, Leizhou Bay, and Guangxi coast) along southeast Chinese coast. Pink dolphins denote where humpback
dolphins were observed during boat-based surveys, blue lines represent rivers, and green lines demark provinces.

the exception of the Xiamen population. Anecdotal
reports, opportunistic sightings, and historical
stranding data suggest this species is still distrib-
uted in the other waters of Fujian Province (Huang,
2004; Zhou, 2004; Chen et al., 2009; Wang et al.,
2012). On 29 November 2011, one S. chinensis was
stranded in Quanzhou Bay; and on 23 October 2011,
another S. chinensis was stranded in Luoyuan Bay.
These strandings suggested that there may be other
local S. chinensis populations in Fujian Province in
addition to Xiamen Bay.

Local ecological knowledge (LEK) can provide
data to augment conservation efforts, especially as
related to investigation into the status of rare or
possibly extinct species (Turvey et al., 2010a).

Although LEK has been rejected by some scien-
tists as “anecdotal,” “imprecise,” “‘unsubstanti-
ated,” or “inaccurate” (Hobson, 1993; Jhannes,
1993; Gilchrist et al., 2005), there are an increasing
number of ecologists and conservation biologists
actively employing this technique when work-
ing collaboratively with human communities to
accumulate a critical mass of information for and
support of the value of local knowledge (Berkes,
2004; Brook, 2007). Because LEK is based on
experiences over typically long time periods (e.g.,
30+ years), this information can provide details
on past situations (Ferguson et al., 1998; Moller
et al., 2004). As an initial exploratory method
to obtain data on species presence, LEK has
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been used to study the distribution of many spe-
cies such as terrestrial tortoises (Lambert, 1983;
Smith et al., 1999; Anadén et al., 2009), sea tur-
tles (Moore et al., 2010), Yangtze River dolphins
(Lipotes vexillifer; Turvey et al., 2010a, 2010b),
gray whales (Eschrichtius robustus; Zhu, 2002),
and other marine mammals (Moore et al., 2010).
In the present study, we used interviews with
local people to investigate the potential continued
existence and suggested historical distribution of
S. chinensis along the Fujian coast. Also, in loca-
tions where S. chinensis were still observed by
inshore fishermen, we conducted exploratory boat
surveys to confirm the presence of S. chinensis.
The goals of the present study were (1) under-
standing the potential historical distribution of
S. chinensis along the coast of Fujian Province;
(2) understanding the current distribution and
abundance of other undiscovered groups of
S. chinensis in Fujian Province; and (3) providing
baseline data to inform S. chinensis conservation.

Methods

Interviews with Inshore Fishermen

Fishermen interviews were conducted in fishing
communities (such as fishing ports or villages)
along the Fujian coast to collect basic distribution
information for S. chinensis. The fishermen were
asked about their age, the areas they fished (i.e., the
boundaries of their fishing spots), and the number
of years they had been fishing. We used the fol-
lowing questions to characterize the presence of
S. chinensis: (1) whether they had seen or caught
S. chinensis during their tenure of inshore fishing;
(2) if dolphins were present, when was their last
sighting and in what location; (3) the group size(s)
seen in present day; and (4) the locations where
they saw dolphins most often, the common group
size, and the maximum group size ever seen. All
interviews were conducted in person, with each
interview requiring about 10 to 15 min.

If the responding fishermen saw S. chinensis,
they were required to provide a detailed descrip-
tion of their sighting (e.g., white colour, long
beak, dorsal fin) without any prompting to test
their accuracy for identification of S. chinensis
and the validity of their responses. Subsequently,
photos of S. chinensis at different age stages
with different body colours (e.g., gray juvenile,
speckled subadult, spotted adult, unspotted pink
or white individuals, according to Jefferson &
Leatherwood, 1997) were shown to all respon-
dents to assist and confirm their identification
accuracy. Additionally, maps were also provided
for respondents to label their fishing areas and
places where they had seen S. chinensis.

Other cetacean species, such as false killer
whales (Pseudorca crassidens), pantropical spot-
ted dolphins (Stenella attenuata), common bottle-
nose dolphins (Tursiops truncatus), Indo-Pacific
bottlenose dolphins (7. aduncus), and finless por-
poises (Neophocaena phocaenoides) also have
been reported in Fujian Province (Huang & Liu,
2000a; Huang et al., 2000; Wang et al., 2013), but
most of these species have different ecological
niches from S. chinensis (Huang & Liu, 2000b;
Wang et al., 2013). Only the finless porpoise is
common, with a home range along the periphery
of where Indo-Pacific humpback dolphins are
sighted (Xu et al., 2012; Wang et al., 2013). In
order to clarify the distinction between S. chinensis
and finless porpoises, we also showed fishermen
photos of the latter.

Boat Surveys

From the interview responses, only fishermen in
Ningde waters, Quanzhou Bay, and Dongshan
Gulf had S. chinensis sightings along the Fujian
Province coast in recent years. Therefore, to con-
firm these reported sightings, exploratory boat-
based surveys were conducted in these three
regions between August 2011 and July 2013, when
weather and sea conditions permitted. The survey
methodology followed protocols for systematic
line-transect surveys conducted in Hong Kong
(Jefferson, 2000). The surveys were conducted
using 6 to 12 m vessels with open upper decks,
allowing for observer eye heights of 3 to 4 m
above water level.

When survey efforts began, the boat traveled
along the survey lines at a speed of about 6 to
11 km/h, and the primary observer searched for
dolphins continuously with 7 x 50 binoculars
(Navigator, Germany), scanning the search path
ahead of the boat. The data recorder completed
data sheets and searched the path with the naked
eye, emphasizing the area near the boat. Boat
speed, course, and position were obtained from a
Garmin VistaHCX handheld Global Positioning
System (GPS) unit (Garmin International, Olathe,
KS, USA), which operated continuously during
surveys. The above data and information on sight-
ing conditions (Beaufort sea state and visibility)
were collected regularly (every 10 min). Once a
dolphin or a group of dolphins was encountered,
individual(s) were then followed to confirm spe-
cies identification, and photography, sighting
time, GPS location, group size, and behavioural
information were documented. The dolphins were
photographed using a Canon camera (EOS 1D
Mark IV, Japan) fitted with a 100 to 400 mm lens.



344 Wu et al.

Photo-Identification

All field photos were downloaded at the labora-
tory. Dolphins from every encounter were indi-
vidually identified by their marks such as spot-
ting patterns, nicks, notches, scars, cuts, and
deformities (Jefferson, 2000; Chen et al., 2010).
Individuals were classified into six broad age
groups—unspotted calf, unspotted juvenile, spot-
ted juvenile, spotted subadult, spotted adult, and
unspotted adult—based on their pigment pat-
terns, external morphology, and the size of their
body (as described in Jefferson, 2000). In order
to determine the affinity of Indo-Pacific hump-
back dolphins distributed in the coastal waters
of Fujian Province, identified S. chinensis indi-
viduals in Ningde waters, Quanzhou Bay, and
Dongshan Gulf were compared with the Xiamen
photo-identification database of S. chinensis pre-
served in the Third Institute of Oceanography,
State Oceanic Administration (TIO, SOA).

Results

Interviews

From March 2010 to November 2011, 239 ques-
tionnaires were completed from 27 fishing com-
munities along the coast of Fujian Province, except
for Xiamen Bay. Of the 119 interviews for which
fishermen provided their age, the range was from
241081y (X =52.81 +1.04). Amajority (89.1%)
of the fishermen were older than 40 y. Fishermen
spent most of their lives on the sea, and 89.9%
were working as inshore fishermen for more than
15 y (range of 10 to 50 y). Age was a strong pre-
dictor of whether fishermen had seen S. chinensis,
with younger respondents substantially less likely
to have seen S. chinensis, while most fishermen
older than 50 y had seen S. chinensis during their
career (Figure 2). Of the fishermen interviewed
(n=239), amajority (83.7%) had seen S. chinensis
in their fishing experience, while only 39 (16.3%)
had never seen S. chinensis.
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Figure 2. Percentage of fishermen who had seen or not seen S. chinensis according to their different ages
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Suggested Distribution of S. chinensis along Fujian
Coastal Waters

According to the memories of interviewed fish-
ermen, S. chinensis was once distributed in
Shacheng Port, Sanduao waters, Luoyuan Bay,
Minjiang River estuary, Fuqing Bay, Xinghua
Bay, Meizhou Bay, Quanzhou Bay, and Dongshan
Gulf along the Fujian coast (30 y ago). However,
only fishermen in Ningde waters, Quanzhou Bay,
and Dongshan Gulf discussed seeing S. chinen-
sis during their fishing activities nowadays (see
Figure 3).

Boat Survey Results — S. chinensis in Ningde
Waters, Quanzhou Bay, and Dongshan Gulf
Field boat surveys were conducted on 17 d
between September 2011 and July 2013 in Ningde

waters where S. chinensis were still observed by
fishermen (Table 1). In total, seven groups of
S. chinensis were sighted, with group sizes rang-
ing from one to six individuals ( X =3.14 £ 2.11).
Only six individuals were identified, with five
re-identified on more than one occasion, and two
individuals seen on four occasions each. Of the
six individuals, one was judged to be a spotted
juvenile, one was a spotted subadult, and the other
four were spotted adults (Table 1; Figure 4a).
During December 2011 and June 2012, four sur-
veys were conducted in Quanzhou Bay (Table 1).
The entire Quanzhou Bay was covered during
each survey, but only one spotted adult dolphin
was observed (Table 1; Figure 4b). In Dongshan
Gulf, 12 surveys were conducted during August
2011 and July 2013, and each survey covered
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Figure 3. Current distribution pattern of S. chinensis (represented by shaded area) in coastal waters of Fujian Province
(distribution areas in Ningde waters, Quanzhou Bay, and Dongshan Gulf were suggested by local fishermen; distribution
areas in Xiamen Bay were based on boat surveys conducted by TIO, SOA).
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Table 1. Records of sightings and identified S. chinensis in Ningde waters, Quanzhou Bay, and Dongshan Gulf of Fujian

province, China, during surveys from August 2011 to July 2013

Accumulated no. of

Date Survey location No. of group Group size individuals identified
18 to 20 September 2011 Ningde waters 0 0 0
25 to 27 May 2012 Ningde waters 0 0 0
28 May 2012 Ningde waters 1 2 2
29 May 2012 Ningde waters 0 0 2
30 May 2012 Ningde waters 1 6 6
31 May 2012 Ningde waters 1 2 6
1 June 2012 Ningde waters 1 5 6
24 July 2013 Ningde waters 0 0 6
25 July 2013 Ningde waters 1 1 6
26 July 2013 Ningde waters 1 1 6
27 July 2013 Ningde waters 1 5 6
28 and 29 July 2013 Ningde waters 0 0 6
28 December 2011 Quanzhou Bay 0 0 0
29 December 2011 Quanzhou Bay 1 1 1
18 and 19 June 2012 Quanzhou Bay 0 0 1
19 August 2011 Dongshan Gulf 1 2 2
20 to 22 August 2011 Dongshan Gulf 0 0 2
26 and 27 July 2012 Dongshan Gulf 0 0 2
28 July 2012 Dongshan Gulf 1 2 2
29 July 2012 Dongshan Gulf 0 0 2
15 July 2013 Dongshan Gulf 1 2 2
16 to 18 July 2013 Dongshan Gulf 0 0 2

the entire gulf. Only two spotted adults were
first identified on 19 August 2011, and re-identi-
fied on 28 July 2012 and 15 July 2013 (Table 1;
Figure 4c). Furthermore, there was no matched
identified individual among Ningde waters,
Quanzhou Bay, Dongshan Gulf, and Xiamen Bay.

Discussion

In the present study, we showed that fishermen
interviews could provide cost-effective informa-
tion to provide a better understanding of poorly
known details for S. chinensis presence and poten-
tial distribution patterns. Such interview results
provide reasonable estimates of the historical and
current distribution of S. chinensis that can guide
studies of population demographics. The inshore
distribution of Indo-Pacific humpback dolphins
places their distribution range in partial overlap
with the localities frequented by inshore fishermen
(Parra et al., 2004). S. chinensis presents obvious
external characteristics that are easy for fishermen
to distinguish from other cetaceans along the stud-
ied areas (i.e., finless porpoise [Jefferson, 2000]).
Therefore, LEK can be a useful tool to direct
additional research for a better understanding of
poorly known populations or species that can be
relatively easily identified by local people.

Fishermen responses to our interviews implied
that the distribution areas of S. chinensis along
the Fujian Province coast fragmented rapidly.
Historically, they might once have been distrib-
uted widely along the Fujian Province coast; all
fishermen in Shacheng Port, Sanduao waters,
Luoyuan Bay, Minjiang River estuary, Fuqing
Bay, Xinghua Bay, Meizhou Bay, Quanzhou
Bay, and Dongshan Gulf reported encountering
S. chinensis during their fishing activities about
30 y ago. Currently, only fishermen in Ningde
waters, Quanzhou Bay, and Dongshan Gulf still
see S. chinensis during their fishing activities.

Interview responses were further supported
by sighting data collected during boat surveys.
Our field surveys conducted in Ningde waters,
Quanzhou Bay, and Dongshan Gulf confirmed the
existence of S. chinensis in these three regions,
although only six, one, and two individuals were
identified in Ningde waters, Quanzhou Bay, and
Dongshan Gulf, respectively. The overall group
sizes of S. chinensis in these three regions seem
to be small, and most dolphins documented in
these areas were adults; no calves were observed.
Furthermore, S. chinensis in these three regions
have been exposed to considerable human-induced
threats. For example, the following may have con-
tributed to a more narrow range for Indo-Pacific
humpbacked dolphins: (1) extensive aquaculture
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Figure 4a, b, and ¢ show S. chinensis found in Ningde
waters, Quanzhou Bay, and Dongshan Gulf, respectively

in Ningde waters; (2) construction of a big bridge
across the sea, underwater blasting, and dredging
operations within Quanzhou Bay; and (3) oyster
and seaweed farming in the Dongshan Gulf. All of
these human activities likely increase the potential
threats these resident animals face. Conservation
of the remaining S. chinensis individuals residing
in these regions must include effective manage-
ment of at least these human activities into the
future.

Whether migration routes existed between dif-
ferent S. chinensis populations in these different
regions has been a hotly debated topic for the
protection of this species. Probably due to their
feeding requirements, S. chinensis in Xiamen Bay
have seldom been observed beyond the boundary

of the Kinmen-Tadan-Wuyu island chain (Huang
& Liu, 2000b); the majority of S. chinensis life
history, including feeding, breeding, and calf
rearing, occurs within the bay (Huang & Liu,
2000b). This was supported by our photo-iden-
tification comparison results to some extent as
there was no matched identified individual among
Ningde waters, Quanzhou Bay, Dongshan Gulf,
and Xiamen Bay. Although Quanzhou Bay and
Dongshan Gulf are adjacent to Xiamen Bay (both
less than 100 km), S. chinensis in these areas are
obviously within the linear range of this species,
and there are no major barriers between the three
areas. The sample size of boat surveys was lim-
ited in the present study, therefore, further field
investigations on S. chinensis in these regions are
clearly needed to verify this question.

The inshore distribution of S. chinensis makes
them particularly susceptible to the effects of
human activities in the coastal zone. In recent
years, human activities appear to present the
greatest threat to S. chinensis along the coast of
Fujian Province. Population-scale extinction of
several marine taxa has been identified world-
wide (Dulvy et al., 2003). These local or regional
extinctions shorten species’ geographic ranges,
increasing their vulnerability to overall extinc-
tion when stochastic events occur (Castellanos-
Galindo et al., 2011). In the past 30 y, the shrink-
ing distribution and lower numbers of sightings
suggest a critical decline in S. chinensis in Fujian
Province. In Ningde waters, Quanzhou Bay, and
Dongshan Gulf, this species seems to persist in
very small resident groups, with apparent major
range contraction or fragmentation. So, conserva-
tion of these resident groups should be given high
priority before they become extinct.
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