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The eastern Taiwan Strait population of Indo-
Pacific humpback dolphins is also known as the
Taiwanese humpback dolphin (Sousa chinensis;
Osbeck, 1765) and comprises only about 74 indi-
viduals (CV =4%) (Wang et al., 2012). An assess-
ment of this population against the criteria of the
IUCN Red List of Threatened Species resulted
in its classification as “Critically Endangered”
(Reeves et al., 2008). Concerns are driven by
the presence of a large number of anthropogenic
threats from high human densities along the
coastal regions adjacent to the waters inhabited
by this population. These threats include habitat
degradation due to land reclamation, reduction of
freshwater flow to estuaries, harmful fishing inter-
actions, air and water pollution, and underwater
noise (Wang et al., 2004b, 2007a; Ross et al.,
2010; Dungan et al., 2011; Slooten et al., 2013).
In general, the Taiwanese population appears to
be found year-round in the shallow coastal waters
off central western Taiwan (Wang & Yang, 2011),
seems to be restricted to waters that are within
3 km of shore, and usually is found in or near
areas influenced by other sources of fresh water
(Wang et al., 2004a, 2007a, 2007b). Ross et al.
(2010) defined “priority habitat” for this popula-
tion as including waters < 30 m deep (measured
relative to the lowest tide of the year) and within
3 km of shore, which was defined as any land
that remained dry at the lowest tide of the year.
However, descriptive characteristics of the waters
inhabited by this population have not been exam-
ined in detail. Herein, we outline distance from
shore, water depth, sea surface temperature (SST),
and salinity as descriptors of suitable habitat for
the Taiwanese humpback dolphins based on sight-
ings of these animals. We also present the first
report on group sizes for this population, inves-
tigate correlation between group sizes and envi-
ronmental variables, and compare the group size

distribution of Taiwanese humpback dolphins
with other populations of the species (Figure 1).
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Figure 1. Study area for the Taiwanese humpback dolphin
(Sousa chinensis); the distribution of preset waypoints
(black, even numbered and open, odd numbered squares
representing offshore and inshore waypoints, respectively)
and the zig-zag tracklines between waypoints are shown.
Sandbars exposed at the lowest high tide of the year are
approximated by dark grey polygons, and thin broken lines
mark the 30 m isobaths.
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A total of 121 surveys were conducted in the
eastern Taiwan Strait from 2007 to 2012. The
majority of the surveys were conducted during the
summer months (June-August) with the exception
of three surveys in early spring (April 2010) and
nine in early autumn (September 2008). Surveys
were undertaken using a 4.5-m inflatable vessel
travelling between 18 to 25 km/h with two observ-
ers searching 90° on either side of the bow of the
vessel with naked eyes. Two sets of wide, over-
lapping zig-zag transect lines were followed, each
alternating between inshore and offshore way-
points (Figure 1). Distance from shore was mea-
sured following the definition of shore as outlined
in Ross et al. (2010). The main study area cov-
ered a linear distance of approximately 110 km
from just north of Tongshiao, Miaoli County
(N 24° 30", to south of Taixi, Yunlin County
(N 23°30") (Figure 1).

When Taiwanese humpback dolphins were
sighted, the following set of standard information
was recorded: SST and water depth (Lowrance
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HDS-5 GPS/sonar unit), percent salinity (Rixen
SM-10), date, time, geographic position (Garmin
GPSMAP76 or the Lowrance HDS-5 GPS), and
the observers’ best estimates of the number of
individuals and number of mother-calf pairs pres-
ent. Locations of dolphin sightings were plotted in
Google Earth 6.0.3 (Google, Inc.), and distances
to shore of the sightings were measured to the
nearest metre using the ruler function of this soft-
ware (Figure 2).

A total of 221 humpback dolphin sightings
were made during the study period. Sightings
were made at a mean distance from shore of
824 + 471 m (SD), with no Taiwanese hump-
back dolphins sighted further than 2,721 m from
shore (Table 1; Figure 3a). Eight sightings were
recorded within 1 m of shore due to the defini-
tion of shore as exposed land at the lowest tide
of the year—these sightings were made during
tidal phases when sandbars were submerged but
are exposed at low tide. Sightings were made pre-
dominantly within 1 km of the shoreline, which
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Figure 2. Number of sightings of Taiwanese humpback dolphins made in the eastern Taiwan Strait from 2007 to 2012 at
different distances from shore (a) and water depths (b), where shore is defined as any land mass exposed at the lowest tide

of the year (following Ross et al., 2010)
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is consistent with the distributions found with
other humpback dolphin populations: sightings of
South African populations varied widely in dis-
tance from shore but were usually within 400 m
in Algoa Bay (Karczmarski et al., 2000) to within
2 km in Richards Bay (Atkins et al., 2004); in the
Pearl River Estuary, humpback dolphins can occur
10 to 15 km from the nearest shore, but this is an
enclosed inshore area with several islands, and the
water depth rarely exceeds 30 m (see Jefferson,
2000; Hung, 2008). In the eastern Taiwan Strait,
inshore obstructions such as piers and extensive
oyster mariculture in some regions may create
barriers extending from shore, or natural barriers
such as sandbars likely prevent humpback dol-
phins from accessing some shallower and inter-
tidal waters even closer to shore.

Although related in most cases, it seems that
the distribution of humpback dolphins is more
likely directly related to water depth and acces-
sibility of shallower waters than proximity to the
shoreline itself. Mean depth measured during
humpback dolphin sightings was 6.7 + 2.8 m, with
more than half (58%) of sightings being made in
waters less than 7 m deep (Qi=4.5m,Q;=8.1 m;
Table 1; Figure 3b). More than 96% of sight-
ings of Taiwanese humpback dolphins occurred
in waters less than 20 m deep, similar to other
reports of shallow water preferences by humpback
dolphins (Durham, 1994; Corkeron et al., 1997;
Karczmarski et al., 1999; Jefferson, 2000; Atkins
et al., 2004). These findings are similar to those
of Corkeron et al. (1997), in which humpback
dolphins inhabiting the Great Barrier Reef region
(Australia) were sighted a mean distance of 6.7 km
from land, but the mean distance to the nearest
shallow area (< 2 m deep at low tide) was only
2.7 km. Taiwanese humpback dolphins have been
recorded passing through waters deeper than 30 m
while being followed during photographic identi-
fication monitoring studies, but these infrequent
events have only occurred in well-dredged chan-
nels of ports servicing large commercial ships and
not offshore (J. Y. Wang, unpub. data) (Table 1).

SSTs measured during sightings varied from
23.2° C in early April to 31.8° C in late July, and

salinities varied from 0.4 to 4.1% (Table 1),
indicating that the Taiwanese humpback dolphins
are found in a wide range of generally warm,
brackish conditions. Hung (2008) found habitat
utilization of the Pearl River Estuary population
of humpback dolphins in Hong Kong waters was
linked to prey distributions. The habitat utilization
for Taiwanese humpback dolphins may similarly
reflect prey distribution rather than physiological
or other requirements of the humpback dolphins
(Lin et al., 2013). Water depth, SST, and salinity
may affect the distribution of humpback dolphins
directly or indirectly by influencing the distribu-
tions of their prey, which has been observed with
other small cetaceans (Heithaus & Dill, 2000;
Jaquet & Gendron, 2002; Briger et al., 2003).
Bathymetry (Hooker et al., 2002; MacLeod & Zuur,
2005) and nutrient availability (Stockin et al., 2008)
are also important in determining prey distribution,
but data on these other parameters were not avail-
able for analysis in the present study. Estuaries are
some of the most productive habitats in the world
(Correll, 1978), and shallower waters (Keller, 1989;
Cloern, 1999) and warmer waters (Keller, 1989)
often have increased productivity, which in turn is
frequently used as a proxy for prey abundance in
studies of cetacean habitat characteristics (Redfern
et al., 2006; Scott et al., 2010). Taiwanese hump-
back dolphins have been sighted in inshore habitats
of the eastern Taiwan Strait year-round (Wang &
Yang, 2011) during surveys conducted in months
with recorded minimum temperatures of < 16° C
(January-March 2009; Central Weather Bureau,
2009), and average SSTs as low as 14° C have been
recorded in these waters during the winter (Tzeng
et al., 2002); thus, it is unlikely that this population
is restricted by SST alone. Furthermore, fish spe-
cies identified as prey for other humpback dolphin
populations are frequently found in large shoals
in areas where fresh and salt water mix (Barros
et al., 2004; Parra & Jedensjo, 2013), and hump-
back dolphins of other populations have often been
observed feeding at the freshwater-saltwater inter-
face (Parsons, 1998, 2004; Jefferson, 2000).

The frequency distribution of the number of dol-
phins in each sighting was right-skewed (Figure 3)

Table 1. Summary statistics of mean environmental variables measured during sightings of Taiwanese humpback dolphins
(Sousa chinensis) during surveys conducted in the eastern Taiwan Strait from 2007 to 2012

Depth SST (°C) Salinity (%) Distance to shore (m)
Mean + SD 69+34 298+12 3.0+0.6 824 +471
Minimum 1.9 04 1
Maximum 27.1 4.1 2,721
Median 6.2 3.1 735
n* 215 161 221

* Logistical constraints prevented the measurement of environmental variables during some sightings.
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Figure 3. Frequency distribution of the best estimates of the number of Taiwanese humpback dolphins observed in the

eastern Taiwan Strait during sightings made from 2007 to 2012

with a mean of 6.2 + 5.9 (SD) and a median of
4. Singletons were the most frequently observed
(21%), while groups of two or more humpback dol-
phins comprised 79% of the sightings (Figure 3).
Excluding singletons, group size varied from the
most frequently observed two dolphins up to an
estimated maximum of 31 (Note: Based on photo-
identification of individuals, there were at least 41
individuals in this largest group; J. Y. Wang, unpub.
data), with a mean of 7.6 = 5.9 (SD) and a median
of 6. Mother-calf pairs were present in more than
half (60%) of the sightings with two or more indi-
viduals. Investigating the relationships between
group size and depth, SST, salinity, and distance
to shore (Spearman’s rank correlation coefficient)
showed no significant correlations (p > 0.05 for all
tests). The frequency distribution of group size for
the Taiwanese population appears similar in shape
to reports from other populations, including the
high frequency of small group sizes. The frequency
of encountering singletons of the Taiwanese popu-
lation was similar to observations made in South
African waters (20% in Durham, 1994; 15.4% in
Karczmarski et al., 1999) but was lower than in
Hong Kong waters (~30% in Jefferson, 2000).
The mean group size of Taiwanese humpback
dolphins was also consistent with that reported
for humpback dolphins (Jefferson & Rosenbaum,
2014) found in other regions (e.g., Durham, 1994;
Jefferson, 2000). However, the largest group of

Taiwanese humpback dolphins observed (best field
estimate of 31 individuals, which was actually at
least 41 individuals based on individual identifica-
tion using photographs) was larger than reported
for most other populations (Durham, 1994;
Karczmarski et al., 1999; Zhou et al., 2007; Chen
et al., 2010). Frequent observations of small group
size may be related to highly fluid social relation-
ships within the Taiwanese population (Dungan,
2011) as individuals do not appear to form stable,
long-term groups. Larger groupings may be a
result of occasional gatherings that occur during
periods of peak abundance of prey species (Finley
& Gibb, 1982) or for nonfeeding reasons such as
socializing or mating (Baird & Dill, 1996). Group
sizes did not appear to be affected by the environ-
mental variables measured in this study, although
fewer sightings of individual dolphins in the east-
ern Taiwan Strait and South African waters when
compared to Hong Kong may be a result of differ-
ing habitat configurations. Despite taxonomic dif-
ferences between humpback dolphins in Chinese
and South African waters (Mendez et al., 2013;
Jefferson & Rosenbaum, 2014), areas inhabited by
the Taiwanese, Algoa Bay, and Natal Coast popu-
lations are relatively linear (see Durham, 1994;
Karczmarski et al., 1999) compared to the large
Pearl River Estuary, which contains a number of
small islands and extends further inland, possibly
contributing to the differences in group size.
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In conclusion, the distribution of this popula-
tion in relatively shallow, inshore, estuarine waters
and the group sizes observed were consistent with
other populations of humpback dolphins. Group
sizes were not influenced by the environmental
variables measured in this study, but the spatial
distribution of the Taiwanese population is most
likely related to the abundance of prey species as
estuarine waters are known for high productivity.
Humpback dolphin occurrence may also be driven
at least in part by certain habitat features that may
be preferred while resting, mating, or socializing,
and by other physical variables not investigated
directly in this study such as bathymetric features
(e.g., sea floor slope), productivity, sea floor sub-
strate, and anthropogenic influence. Future stud-
ies will focus on investigating behavioural habitat
preferences for this population in addition to using
remote sensing data and habitat models to describe
relationships between humpback dolphin abun-
dance, distribution, and a wider variety of envi-
ronmental and anthropogenic factors that could
not be addressed presently. Better understanding
of the factors correlated with the distribution of
the Taiwanese humpback dolphins will remain an
important area for research to further improve our
knowledge about this critically endangered popu-
lation and to provide guidance and focus efforts to
reduce human impacts.
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