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Indo-Pacific humpback dolphins (Sousa chi-
nensis, Osbeck, 1765) occur in shallow coastal
waters from the east coast of India to central
China and throughout Southeast Asia (Jefferson
& Rosenbaum, 2014). While the species has
been studied extensively in Hong Kong (e.g.,
Jefferson, 2000), China (Zhou et al., 2007; Chen
etal.,2009,2010), and Taiwan (Wang et al., 2007;
Wang & Yang, 2011), very little is known about
populations in Borneo, of which Sarawak is a part
(Minton et al., 2016).

Prior to the current study, only a few research-
ers had reported on or reviewed the occurrence of
humpback dolphins in Sarawak (e.g., Gibson-Hill,
1950; Beasley & Jefferson, 1997; Beasley, 1998;
Jaaman, 2004; Minton et al., 2011). None of these
sources provided any detail about the species’ fine-
scale distribution, ecology, or abundance estimates
in Sarawak waters.

In the Kuching Bay, Irrawaddy dolphins
(Orcaella brevirostris, Owen in Gray, 1866), fin-
less porpoises (Neophocaena phocaenoides, Cuvier,
1829), Indo-Pacific bottlenose dolphins (Tursiops
aduncus, Ehrenberg, 1833), and humpback dolphins
occur in sympatry (e.g., Beasley & Jefferson, 1997;
Minton et al., 2011, 2013). In line-transect surveys
conducted in 2010-2011, Irrawaddy dolphins and
finless porpoises were the two most frequently
encountered species for which abundance estimates
were generated — [rrawaddy dolphins: 149 individu-
als (CV = 28%, 95% confidence interval [CI] 87
to 255) and finless porpoises: 135 individuals (CV
= 31%, 95% CI 74 to 246) (Minton et al., 2013).
Humpback dolphins, however, were less frequently
encountered, and the number of sightings was insuf-
ficient for population estimation using DISTANCE
(Buckland et al., 2001). Herein, the results of a 2-y

mark-recapture study on this species using photo-
identification data are presented.

Photo-identification studies of humpback dol-
phins were conducted concurrently with line-
transect surveys in the nearshore waters of the
Kuching Bay (see Minton et al., 2013). Boat sur-
veys were conducted on four consecutive days per
month during the dry season between March 2010
and October 2011 (Figure 1).

Standard photo-identification protocols were
followed during each dolphin sighting (e.g., Parra,
2006; Minton et al., 2013). Photographs of left or
right sides of dorsal fins (LDFs and RDFs) were
cropped, digitally enhanced, and entered into a
custom-designed Microsoft Access® database.
Photographs of LDFs and RDFs of dorsal fins
were treated as two separate datasets due to the
inability, in most cases, to definitively link the
LDFs and RDFs of individual dolphins. All pho-
tographs were catalogued based on identifiable
features (e.g., dorsal fin shapes, colouration, and
scarring), regardless of quality and distinctive-
ness. Unique identification codes were assigned
to each new individual that could not be matched
to existing photographs in the database.

Each photograph was assigned scores based
on four categories for photo quality and distinc-
tiveness of dorsal fins (Minton et al., 2013). To
minimise the bias that could be caused by failure
to recognise individuals because of poor photo
quality or lack of distinctiveness or “marking,”
only good quality photographs of distinctive indi-
viduals were used for mark-recapture analysis (see
Minton et al., 2013). For each sighting event, the
proportion of “marked” individuals was calculated
by dividing the number of individuals meeting
the distinctiveness criteria by the total number of
individuals photographed that day. This proportion
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Figure 1. Map of Kuching Bay showing actual survey tracks and sightings of humpback dolphins encountered from March

2010 through October 2011

was averaged over all 12 capture occasions to gen-
erate a total proportion of marked individuals (p).

Datasets were tested for population closure
using CloseTest (Stanley & Richards, 2005), and
results suggest that the Kuching Bay population
is closed with little or no permanent immigration.

Data were pooled into 12 capture occasions for
which sightings from a single day represented one
capture occasion. Identified individuals sighted
twice in the same day were only counted once
for that capture occasion. Abundance estimates
of marked humpback dolphins (N) were calcu-
lated using the closed capture model in Program
MARK 6.1 (White & Burnham, 1999). Different
data filtering criteria and different models were
tested, and the model with the lowest Akaike
Information Criterion (AIC) was selected. The
best resulting estimate from this process was cor-
rected for total population size ( Nypzql ), Which
was calculated using the formula

~

5 N
Nrotal = D

The final population size was calculated by
combining both estimates of LDF and RDF as an
inverse CV-squared weighted average following
Wilson et al. (1999).

A total of 101 individuals of all levels of dis-
tinctiveness and photo quality were assigned cata-
logue ID numbers based on the LDF side, and 87
individuals were catalogued based on the RDF
side. Of these, 77.2 and 67.8%, respectively, were
catalogued during the first year.

Based on the mark-recapture analysis of
marked individuals, the abundance estimates were
44 (CV =15.3%,95% CI = 36 to 65) for the LDF
photos and 37 (CV = 14.0%, 95% CI = 31 to 54)
for the RDF photos. Estimates of the proportion
of marked individuals within the population were
0.575 (CV = 14.5%) for LDFs and 0.386 (CV =
26.3%) for RDFs. Abundance estimates corrected
for the proportions were 77 (CV =20.9%, 95% CI
=51 to 115) and 96 (CV = 26.3%, 95% CI = 58
to 159), respectively. Therefore, the best estimate
of humpback dolphins in the Kuching Bay using
inverse CV-squared weighted mean was 84 (CV =
16.4%,95% CI =61 to 116).

Observed group sizes ranged from seven to
45 individuals, with a mean of 18 (SD = 13.33).
Thirty-three percent (n = 5) of observed groups
contained more than 20 individuals. Fourteen out
of 15 dolphin groups observed contained at least
one calf, with six being the highest number of
calves encountered in a group.
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Possible violations of mark-recapture assump-
tions were minimised through the application of
strict quality and distinctiveness criteria to avoid
failure to recognise individuals. Efforts to take
as many photographs of as many individuals in
the group as possible without preference towards
certain more distinctive individuals or those asso-
ciating with the boat should also have minimised
the possible heterogeneity of capture probability
(Wilson et al., 1999; Bearzi et al., 2008).

While the abundance estimate is fairly low,
incidental sighting reports indicate that there are
communities of humpback dolphins in adjacent
waters northeast of the study area around the
Bako peninsula. It is not yet known whether the
animals observed in our study region are a subset
of a bigger population that includes neighbouring
communities or whether this is the entire popula-
tion for which the home range may extend outside
the limits of the survey area. Therefore, there is
a need to further understand their movement and
ranging patterns in and beyond the boundaries of
the study area. It is also not yet possible to deter-
mine a population trend as mark-recapture sur-
veys need to be continued over several years to
evaluate the status of the population as to whether
it is stable, increasing, or decreasing. Such a long-
term study is considered critical to the monitoring
and conservation of this community.

Documented anthropogenic threats to the hump-
back dolphin populations throughout the species’
range include coastal development which leads
to habitat degradation (Jefferson et al., 2009),
heavy boat traffic (Ng & Leung, 2003), pollu-
tion (Jefferson et al., 2006), and fisheries bycatch
(Razafindrakoto et al., 2004; Jefferson et al., 2006).
All of these threats are also present in Kuching Bay
(Jaaman et al., 2009; Ling et al., 2010).

Entanglement in fishing gear presents the
greatest threat to cetaceans globally (Read, 2008).
Although the magnitude of bycatch in the Kuching
area is unknown, incidental catches of humpback
dolphins in gillnets elsewhere in Malaysia occa-
sionally have been reported (Jaaman et al., 2009).
Throughout the study period, observations of
human activities around the dolphin groups (e.g.,
presence of fiberglass fishing boats with gillnets)
were rare. Ten of 15 sightings were recorded
without any observed human activities within a
radius of approximately 500 m. While this means
that the level of impact to this community from
fisheries might be lower than for other small ceta-
ceans living in the area (e.g., [rrawaddy dolphins
and finless porpoises; Minton et al., 2013), stud-
ies have shown that populations of fewer than 100
individuals have a high probability of extinction
(Thompson et al., 2000; Slooten, 2007), even
when mortality rates are low. Future work should

include an investigation into the relationship
between the dolphins and fisheries by mapping
the overlap between the dolphin core areas and
fishing grounds as defined through direct obser-
vation and engagement with fishing communities.
Finally, genetic sampling of the species in the
Kuching Bay and other parts of Borneo and/or
Peninsular Malaysia is urgently recommended.
Such sampling would help determine whether the
population is truly isolated or still in breeding con-
tact with other neighbouring communities— vital
information for understanding the population’s con-
servation status and vulnerability to decline in light
of documented threats. Furthermore, Borneo repre-
sents a significant geographical gap in recent stud-
ies redefining the taxonomy of Sousa sp. (Jefferson
& Rosenbaum, 2014). Data gained through genetic
sampling of the Kuching community would be an
important contribution to understanding the taxon-
omy of the species and the geographical boundaries
between one species of Sousa and another.
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