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ABSTRACT: Little is known about the ecology of the Indo-Pacific finless porpoise Neophocaena
phocaenoides or the Indo-Pacific humpback dolphin Sousa chinensis in Southeast Asia. The present study describes the distribution and habitat preferences of these species around the Langkawi
Archipelago of Malaysia. Vessel-based passive acoustic monitoring surveys were conducted 5
times between 2012 and 2013. Both species mainly preferred relatively shallow waters, especially
on the east sides of the islands at <15 m depth. However, the species differed in number of detections and spatial distribution, preferred distance from shore, chlorophyll a concentration in the
water where they resided, and season in which they were detected, indicating that they have different habitat preferences. The best spatial habitat model for the prediction of finless porpoise distribution included bathymetric depth and longitude. The distribution of finless porpoises was relatively stable around the islands and especially in the eastern waters, whereas humpback
dolphins may only seasonally visit specific regions of the waters around the islands. Their detection sites were too patchy to enable distribution modeling. The results of this study provide baseline information that can facilitate conservation planning for these species according to their habitat preferences and core areas.
KEY WORDS: Indo-Pacific humpback dolphin · Sousa chinensis · Indo-Pacific finless porpoise ·
Neophocaena phocaenoides · Marine mammal · Coastal water · Asia

1. INTRODUCTION
Marine animals in coastal waters require protection, given the high levels of anthropogenic activity
in these areas. Small cetaceans occupy large habitats, and novel monitoring technologies such as passive acoustic monitoring help to determine their distributions (Mellinger et al. 2007). Monitoring data
may be applied to spatial mapping and habitat modeling approaches (Hooker et al. 2011). In this way,
*Corresponding author: kimura.satoko.8r@kyoto-u.ac.jp

species distributions can be estimated for areas that
are unmonitored, and those requiring conservation
management can be identified (Fleming et al. 2018).
Malaysia is a ‘biodiversity hotspot’ with many complex ecosystems and species (Myers et al. 2000,
Roberts et al. 2002). However, expanding human
activity is accelerating environmental degradation.
The Langkawi Archipelago is at the northernmost
entrance of the Straits of Malacca in northwestern
Peninsular Malaysia (Fig. 1) and has numerous pop© The authors 2022. Open Access under Creative Commons by
Attribution Licence. Use, distribution and reproduction are unrestricted. Authors and original publication must be credited.
Publisher: Inter-Research · www.int-res.com
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Fig. 1. Location of the Langkawi Archipelago in Malaysia

ular resorts and coastal developments. Although the
region is experiencing a growing presence of tourist
boat, high-speed ferry, and fishing boat traffic (Marzuki 2008, Shahbudin et al. 2012, Samat & Harun
2013), the waters of Langkawi were collectively recognized by as an Important Marine Mammal Area by
the IUCN in 2019.
The waters surrounding the Langkawi Archipelago
are populated by small cetaceans, namely the IndoPacific finless porpoise Neophocaena phocaenoides
(hereafter, finless porpoise) and the Indo-Pacific humpback dolphin Sousa chinensis (hereafter, humpback
dolphin) (Ponnampalam & Jamal Hisne 2011, Ponnampalam 2012, Kimura et al. 2021). Both species are
classified as ‘Vulnerable’ on the IUCN Red List of
Threatened Species (Jefferson et al. 2017, Wang &
Reeves 2017). They are also protected as endangered
marine species in Malaysia under the Fisheries Act
1985 and the Fisheries (Control of Endangered Species of Fish) Regulation 1999. Ecological research has
been conducted on finless porpoises and humpback
dolphins mainly in Japan, China, and Taiwan (e.g.
Akamatsu et al. 2010, Lin et al. 2013, Jefferson &
Rosenbaum 2014, Wang et al. 2016, Caruso et al.
2020), but little is known about the ecology of these
species in Southeast Asia (Hines et al. 2015).
The aim of this study was to use passive acoustic
monitoring to describe the distribution and habitat
preferences of finless porpoises and humpback dolphins around the Langkawi Archipelago in Malaysia.
We distinguished the species according to their unique
acoustic characteristics (Kimura et al. 2021) and compared their distribution and habitats. We also developed a habitat model to quantify the relationships
among environmental variables and finless porpoise
distribution. By clarifying how these animals are distributed in the study area, we can coordinate conservation and management planning with local authori-

ties and design and perform future investigations
into the ecology of these species.

2. MATERIALS AND METHODS
2.1. Field work
Acoustic surveys were conducted in the Langkawi
Archipelago, Malaysia (Fig. 1), in September and
December 2012 and again in February, May, and
October 2013. The sea around the islands was divided
into area blocks (see Fig. 2), and the survey lines
were oriented at 45° from the shoreline to facilitate
the detection of cetacean density gradients offshore
and alongshore (Dawson et al. 2008). The lines were
spaced at 3.70 km intervals to enable systematic surveying within each area block. Another set of transect lines also spaced at 3.70 km intervals was created and placed between the first set of lines. Both
line sets were used alternately across surveys to
achieve better coverage (see Fig. 2).
An A-tag — a stereo acoustic data-logger (ML200AS2; MMT) — was towed by a rope at a speed of
~12 km h−1 and 100 m behind the research vessel. A
distance of 100 m was used, as it greatly reduces the
influences of the presence and cavitation noise of the
research vessel on the acoustic detection of porpoises
and dolphins. Previous studies have reported that
finless porpoises and humpback dolphins may avoid
vessels (Ng & Leung 2003, Li et al. 2008, Morimura &
Mori 2019, Piwetz et al. 2021). The detection range of
the A-tag was ~450 m, based on the sound intensity
and propagation of the clicks emitted by dolphins
and porpoises (Fisher & Simmons 1977, Li et al. 2009,
Fang et al. 2015).
The A-tag records sounds in the 55−235 kHz frequency range as ‘events’. This range encompasses the
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ultrasonic clicks emitted by small cetaceans (Akamatsu
et al. 2005). A passive bandpass filter circuit (−3 dB
within 55−235 kHz), a high-gain amplifier (+ 60 dB), a
CPU (PIC18F6620; Microchip Technology), a flash
memory, and a lithium battery (CR2) were housed in
a waterproof aluminum case. Two submersible hydrophones were set 19 cm apart on the exterior of the
case. One hydrophone was tuned to 130 kHz, while
the other was tuned to 70 kHz. The A-tag does not
record frequency or waveform; rather, it records the
time the sound was received, the sound pressure of
each hydrophone, and the difference in the time at
which the sound arrived at each hydrophone.

2.2. Acoustic analysis
The time series analysis software Igor Pro v. 6.3
(WaveMetrics) was used to extract the small cetacean
data recorded by the A-tag. Time, sound pressure,
sound pressure ratio, sound interval, and relative sound
source angles were determined from the sounds recorded by the A-tag with a publicly available program
(http://mmtcorp.co.jp/A-tag/). The sound pressure ratio is the ratio of the intensities of the sound pressure
recorded using the hydrophones. The relative angle
was calculated using the difference between the times
at which the sound arrived at the hydrophones.
The sound pressure detection threshold was set to
132.5 dB re 1 μPa. Small cetaceans emit a series of
clicks known as a ‘click train’ (Au 1993). Here, 1 click
train comprised inter-click intervals ≤200 ms (Akamatsu
et al. 2007). For a series of ≤ 5 clicks, multiple sounds
might have entered at short intervals (Kimura et al.
2010). Therefore, ≥6 clicks constituted a click train, and
only those with ≥ 6 clicks were extracted for analysis.
In A-tag recordings of the sounds of small cetaceans,
waves reflected from the water or seafloor can be
recorded immediately after the sound waves emitted
by the cetaceans. Any sound that followed < 0.5 ms
after the previous one was deleted, as it was deemed
a reflected wave. The sound pressure and click intervals of small cetaceans change in the click train. By
contrast, the sound pressure and intervals of artificial
noises (e.g. from ships) and natural sounds (e.g. from
snapping shrimps and other animals) randomly
change (Akamatsu et al. 2008). Thus, only sounds
deviating by a range from 1/3 to 3 times of the adjacent sound pressures and intervals were retained
(Kimura et al. 2010). Sounds with coefficients of variation in sound spacing < 0.8 were extracted within
the click train. The coefficient of variation is the standard deviation of the sound intervals in the click train
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divided by the mean and was used as a sound variability indicator (Kimura et al. 2010). Sound pressure
and intervals that changed smoothly were extracted
as click trains (Akamatsu et al. 2008, Kimura et al.
2010) by setting the aforementioned filters and visually checking the data using a time series.
The number of small cetaceans was enumerated
from acoustic data (recording time, sound pressure,
sound pressure ratio, relative angle, and sound interval) collected from all survey lines using Igor Pro
software (Kimura et al. 2012). Since the survey vessel
was faster than the swimming speed of small cetaceans, it overtook the echolocating cetaceans. The
recorded click trains changed from a relative positive
to negative orientation corresponding to an individual passing from bow to stern with respect to the
A-tag (Akamatsu et al. 2008). When >1 dolphin or
porpoise echolocated within the detection range, there
were multiple trajectories simultaneously identifiable
for ≤ 5 individuals, which was confirmed by concurrent visual observation (Akamatsu et al. 2008, Kimura
et al. 2009). The individual detection time was defined as the time that the click train was nearest 0°,
which was the closest point 90° vertically from the
survey line (Kimura et al. 2012).
It is comparatively easy to distinguish the clicks of
Delphinidae and Phocoenidae even when the sound
pressure ratios of their frequency bands alone are
used (Kameyama et al. 2014, Kimura et al. 2021. Delphinidae use broadband clicks within the peak range
of 20−120 kHz, while Phocoenidae use narrow-band,
high-frequency clicks within the peak range of 120−
140 kHz and with virtually no components that are
<100 kHz (Madsen et al. 2005, Morisaka & Connor
2007, Villadsgaard et al. 2007). Concurrent visual observations and acoustic monitoring in all surveys
confirmed the presence of only the 2 species (Kimura
et al. 2021). The occurrences of Irrawaddy dolphins
Orcaella brevirostris and Indo-Pacific bottlenose dolphins Tursiops aduncus were rare within the study
area (Ponnampalam 2012, L. S. Ponnampalam pers.
obs.). Hence, all sounds detected here were attributed exclusively to humpback dolphins and finless
porpoises. The sound pressure ratios in the click
trains were averaged for each detected individual.
The species were discriminated using a sound pressure ratio of 0.68 at the discrimination threshold
between humpback dolphins and finless porpoises
(Kimura et al. 2021). When the sound pressure ratio
was higher or lower than the threshold, we assumed
that the click trains were emitted by finless porpoises
or humpback dolphins, respectively. Location data
obtained with a handheld GPS device and a distribu-
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tion map were plotted. The survey site was categorized into northeast, southeast, northwest, southwest,
and central area blocks based on the survey lines (see
Fig. 2), and the distribution bias was determined.

2.3. Comparison with environmental data
Environmental characteristics were compared between the locations at which finless porpoises and
humpback dolphins were detected. Depth, slope,
distance from shore, chlorophyll a (chl a) concentration, sea surface temperature (SST), and season were
determined.
Data were interpolated into 2 km × 2 km grid cells
using the ‘IDW’ tool of ArcMap v.10.6.1 (ESRI). Depth
data were obtained from Navionics H P (https://web
app.navionics.com/). Slope and distance from shore
were calculated for each 2 km grid cell using the
‘Slope’ and the ‘Near’ tools in ArcMap. Distance from
shore was calculated relative to mainland Peninsular
Malaysia or the Langkawi Archipelago, whichever
was closer. Chl a concentrations and SST data were
obtained from the NASA Ocean Color Web (https://
oceancolor.gsfc.nasa.gov/) from 4 km grid cells for
September and December 2012 and for February,
May, and October 2013. Environmental data matching the acoustic detection positions of the species
were extracted and compared. The southwest monsoon (May−October) was the wet season and the
northeast monsoon (November−April) was the dry
season (Chenoli et al. 2018). Two and 3 surveys were
conducted in the dry and wet seasons, respectively.
The average numbers of detections of each species in
each season were compared. A Steel-Dwass test was
used to compare the numbers of detections per area
and per species, and a Mann-Whitney U-test was used
to compare environmental data between the species.

The number of finless porpoises detected from
acoustic data for each 2 km grid cell was the response variable with a log-linked function. The number of humpback dolphins could not serve as a response variable as the detection site was biased, and
the dolphins were detected in only 9 grid cells.
The environmental variables were depth, slope,
distance from shore, season, survey date, longitude,
and latitude. The presence/absence of humpback
dolphins served as an explanatory variable. Chl a
concentration and SST were not used in the habitat
model, as numerous data points were missing, and
there was coarse spatiotemporal resolution at monthly
intervals.
For the GAMs, 6 degrees of freedom was set for the
smoothing function to avoid data overfitting. The ‘car’
package in R (Fox & Weisberg 2019) was used to construct the GLMs, while the ‘MGCV’ package (Wood
2018) was used to construct the GAMs. To account for
the variations in survey effort per grid cell, the logarithm of distance of each survey line per grid cell was
included as an offset term in the model. Poisson and
negative binomial distributions were used as candidate distributions for response variables (Wood 2006).
All model combinations ranging from full (all explanatory variables) to null (no explanatory variables) were created with the ‘dredge’ function in the
‘MuMIn’ package in R (Barton & Barton 2019). The
best model was chosen as the one with the lowest
value of Akaike’s information criterion (AIC). The
predicted relative densities around the Langkawi
Archipelago were calculated using the environmental data selected in the best model and compared
against actual observations.

3. RESULTS
3.1. Distribution

2.4. Habitat modeling
The software R v.4.0.3 (R Core Team) was used for
the statistical analyses. Generalized linear models
(GLMs) and generalized additive models (GAMs)
were used to analyze the relationships between finless porpoise detections and environmental data. The
variance inflation factor (VIF) (Dormann et al. 2013)
was calculated using the ‘car’ package in R (Fox &
Weisberg 2019) to evaluate explanatory variable multicollinearity before modeling. As suggested by Zuur
et al. (2010), VIF ≥ 3 was set as the threshold to exclude variables, so as to avoid multicollinearity.

All 5 surveys recorded both finless porpoises (n =
150) and humpback dolphins (n = 29) (Kimura et al.
2021; Fig. 2, Table 1). The number of porpoises detected did not significantly differ among survey areas
(Steel-Dwass test; p > 0.05). Nevertheless, there were
relatively more individuals in the eastern area than
in the other areas (Fig. 2, Table 1). The number of
humpback dolphins detected was highest in the
northeast and low in the southeast and northwest,
and no dolphins were found in the southwest and
central areas (Fig. 2, Table 1). However, the differences were not statistically significant (Steel-Dwass
test; p > 0.05).
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Fig. 2. Survey lines along which finless porpoises (n = 150) and humpback dolphins (n = 29) were detected using passive
acoustic monitoring in (A) September 2012 (survey distance: 344.3 km), (B) December 2012 (410.9 km), (C) February 2013
(382.2 km), (D) May 2013 (376.0 km), and (E) October 2013 (399.6 km). (F) Total survey distance was 1913.0 km. Distance
between parallel transects was ~3.70 km per line in each survey
Table 1. Number of finless porpoises (N.p.) and humpback
dolphins (S.c.) detected by passive acoustic monitoring surveys in each area and per kilometer of survey line
Area

Acoustic detections Acoustic detections km−1
N.p.
S.c.
N.p.
S.c.

Northeast
Southeast
Northwest
Southwest
Central

56
52
17
16
9

27
1
1
0
0

0.132
0.114
0.033
0.044
0.062

0.063
0.002
0.002
0
0

Total

150

29

0.078

0.015

3.2. Comparison of species distribution and
environmental data
Both species were detected mainly in shallow
waters, especially at <15 m (Fig. 3). There were no
statistically significant differences in depth or slope
between the species, although humpback dolphins
appeared to prefer shallower waters and gentler
slopes (Table 2, Fig. 3). The waters in which humpback dolphins resided were significantly farther from
shore and had higher chl a concentrations than those
occupied by finless porpoises (Table 2, Fig. 3). Preferred SSTs did not significantly differ between the
species (Table 2, Fig. 3). The average numbers of finless porpoises detected did not significantly differ
between the dry and wet seasons (Table 2, Fig. 3). In

contrast, approximately 5 times more humpback dolphins were detected in the dry than in the wet season
(Table 2, Fig. 3).

3.3. Finless porpoise habitat model
The model included 1392 grid cells, of which 78
and 9 contained finless porpoises and humpback dolphins, respectively. In the present study, all environmental variables were integrated into the model, as
their VIFs were < 3 (Table 3).
The GAM with the smallest AIC included depth
and longitude (AIC = 745.3). The relationships among
explanatory variables, environmental parameters,
and the response variable were nonlinear (Fig. 4).
Based on the AIC and Q–Q plot, this model was considered best to predict finless porpoise habitat distribution (Table 4), and this did not change even after
humpback dolphin presence/absence was included
as an explanatory variable. Thus, humpback dolphins were excluded as variables for the best model,
although they were included in models with ΔAIC < 2
and negative coefficients (Table 4).
Depth was the environmental variable that most
strongly influenced the presence of finless porpoises
(Tables 4 & 5). Porpoise abundance decreased as
water depth increased to > 30 m (Fig. 4A). Longitude
also affected the presence of porpoises (Tables 4 & 5).
Porpoise abundance increased eastwards at 99.8° E
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Fig. 3. Number of grid cells (column 1, white), number of finless porpoises (column 2, blue), and number of humpback dolphins
(column 3, pink) detected for each environmental variable: (A) depth, (B) slope, (C) distance from shore, (D) chlorophyll a
concentration, (E) sea surface temperature, and (F) season
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Table 2. Environmental data collected at the detection point of finless porpoises and humpback dolphins. A Mann-Whitney
U-test was used to compare environmental data between the species (*p < 0.05; **p < 0.01). SST: sea surface temperature
Finless porpoise
Minimum Average Median Maximum
Depth (m)
Slope (°)
Dist. from shore (km)
SST (°C)
Chl a (mg m−3)

1.97
0.00
0.01
29.41
0.57

8.40
0.07
4.41
30.78
2.17

9.90
0.09
3.10
30.86
2.17

31.60
0.19
14.90
32.89
3.90

p

0.08
0.08
**
0.34
*

Humpback dolphin
Minimum Average Median Maximum
2.30
0.00
0.44
30.02
1.23

Season
Dry
Wet
Total no. ind. detected
Ave. no. ind. detected

49
24.5

7.30
0.07
8.15
30.89
3.02

8.60
0.08
8.00
30.72
2.18

16.90
0.13
11.90
31.84
5.43

Season
Dry
Wet

96
32

22
11

7
2.3

(Fig. 4B). The relative animal densities predicted for
the entire area by the best model using environmental data were higher in the northeastern and eastern
coastal areas of the Langkawi Archipelago (Fig. 5).

stakeholders to take appropriate conservation action
and protect the species and their environment in a
rapidly developing marine region.
Finless porpoises were detected in all areas around
the island, whereas the detection sites of hump-

4. DISCUSSION

Table 3. Variance inflation factor (VIF) values of explanatory
variables in the habitat model. S.c.: humpback dolphin

4.1. Distribution and habitat preferences of finless
porpoises and humpback dolphins
To our knowledge, this study is the first effort to
model the habitat preferences of 2 sympatric coastal
cetacean species within Malaysia and Southeast Asia
using passive acoustic monitoring. We compared the
habitat preferences of these 2 species and developed
spatial habitat models for finless porpoises (Table 4,
Fig. 4) to predict their presence outside the surveyed
area (Fig. 5). The spatial map could help to inform

Variable

VIF

Depth
Slope
Distance from the coast
Longitude
Latitude
Survey date
Season
Presence/absence of S.c.
Abundance of S.c

2.03
1.22
2.67
2.36
1.07
1.13
1.13
1.00
1.00

Fig. 4. Smoothing function plots in best model of (A) depth and (B) longitude using the number of finless porpoises as the
response variable. Dotted line indicates 95% confidence interval
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Table 4. Finless porpoise population models with the lowest
value of Akaike’s information criterion (highlighted in bold)
and with < 2 units difference in AIC (ΔAIC). Models were
created using either a Poisson or a negative binomial distribution and either a generalized linear model (GLM) or a
generalized additive model (GAM), and GAMs with negative binomial distributions were selected. Light blue rows
indicate models including humpback dolphins (SC). DEP:
depth; SLO: slope; DIS: distance from shore; SEA: season;
SUR: survey date; LON: longitude; LAT: latitude

Environmental
variable

df

Log like.

AIC

ΔAIC

DEP+LON
DEP+ SC+LON
DEP+ SLO+LON
DEP+ SLO+ SC+LON
DEP+ SUR+LON
DEP+DIS+LON
DEP+DIS+ SC+LON
DEP+LON+LAT
DEP+ SEA+LON
DEP+ SC+LON+LAT

12
13
16
17
13
13
14
13
13
14

−360.190
−359.372
−356.652
−355.973
−359.952
−359.968
−359.111
−359.896
−360.289
−359.096

745.3
745.5
746.4
746.6
746.7
746.8
746.9
747.1
747.2
747.2

0.00
0.16
1.06
1.30
1.34
1.52
1.61
1.74
1.89
1.93

Table 5. Degrees of freedom, χ2, and p of environmental variables selected in the best model with the number of finless porpoises as the response variable. DEP: depth; LON: longitude

Variable
DEP
LON

df

χ2

p

4.93
3.77

25.31
10.48

< 0.001
< 0.001

back dolphins were biased (Fig. 2, Table 1). The
humpback dolphins detected totaled 29 individuals,
but were only present in 9 grid cells. This sample
size did not suffice for modeling purposes. The species differed in terms of the number of detections
and detection sites, preferred distance from shore,
chl a concentration in the water where they resided,
and season in which they were detected (Table 2,
Fig. 3). Hence, both species have different habitat
preferences. The number of detections of finless
porpoises did not significantly differ between the
dry and wet seasons. By contrast, substantially more
humpback dolphins were detected in the dry than
in the wet season (Fig. 2). Therefore, the porpoises
may reside relatively close to Langkawi Island,
whereas the humpback dolphins may only seasonally visit specific regions of the waters around the
islands. Their actual range may also extend beyond
the field of measurement of this study. Recent
observations of humpback dolphins around Langkawi indicated that they move between the islands

and the coast of Peninsular Malaysia (Teoh 2018). In
a study area ~200 km south of Langkawi in Matang,
Peninsular Malaysia, the distribution of finless porpoises and humpback dolphins did not overlap
(Kuit et al. 2019). Studies in Hong Kong reported
that it is uncommon to observe both species in close
proximity at the same time, suggesting that the porpoises may avoid the dolphins (Würsig et al. 2016).
Further research is required to elucidate the relationship between finless porpoises and humpback
dolphins.
Bathymetric depth was the major environmental
factor associated with finless porpoise distribution.
Thus, it was included into the best model and most
others with ΔAIC < 2 (Table 4). In these models, porpoise abundance was comparatively higher at depths
< 30 m (Fig. 4). Humpback dolphins also preferred
shallow water (Fig. 3, Table 2). Previous studies of
these species reported similar discoveries (Jefferson &
Hung 2004, Jefferson & Rosenbaum 2014). In Matang,
the average bathymetric depths for finless porpoises
and humpback dolphins were 12.3 and 3.6 m, respectively (Kuit et al. 2019). In the Bay of Bengal near
Bangladesh, both species preferred shallow water
(average depths, 11.0 and 10.6 m, respectively) (Smith
et al. 2008). Depth was included in the best models
for Phocoena phocoena (Booth et al. 2013, Díaz
López and Methion 2018), P. spinipinnis (Clay et al.
2018), and P. dalli (Forney et al. 2012, Becker et al.
2016), species which are in the same family as the
finless porpoise. Bathymetric depth is an important
environmental factor for coastal small cetacean species including members of the Family Phocoenidae.

Fig. 5. Relative density of finless porpoises predicted from the
best model including depth and longitude
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Longitude was also an important predictor of finless
porpoise distribution. Peak abundance of this species
was established at 99.9−100.0° E in the eastern waters
of the Langkawi Archipelago (Fig. 4). Humpback dolphins were also relatively more concentrated in the
eastern area of the islands (Fig. 2, Table 1). The latitude
and longitude identified herein may indicate that the
animals preferred certain areas. However, latitudes
and longitudes may also be indirect model variables
indicating other environmental parameters that could
not be integrated into the analysis (Kanaji et al. 2017).
Tidal currents, tides, and ship traffic might also affect the distribution of these species. Nevertheless,
we were unable to measure them in this study.

4.2. Limitations
In this study, there were limited environmental
data to model, and certain important factors might
have been omitted in the models. Three vital environmental factors excluded from this study were
prey occurrence, tidal currents, and tides. These
parameters may be correlated with the presence of
narrow-ridged finless porpoises Neophocaena asiaeorientalis and humpback dolphins in different areas
(Parsons 1998, Akamatsu et al. 2010, Kimura et al.
2012, Lin et al. 2013, Kuit et al. 2019).
Marine vessels were not integrated into the model
but may nonetheless influence the distribution of finless porpoises and humpback dolphins (Dong et al.
2021, Mei et al. 2021). There is a high volume of
tourist boat, high-speed ferry, and fishing boat traffic
around the Langkawi Archipelago (Ponnampalam &
Jamal Hisne 2011, Teoh 2018), and the presence of
these vessels may affect the distribution of small
cetaceans. However, it was reported that humpback
dolphins often approached fishing boats and trawlers
(Ng & Leung 2003, Hashim & Jaaman 2011). Moreover, the presence of prey species influences the distribution of finless porpoises and humpback dolphins
more strongly than the presence of vessels (Kimura
et al. 2012, Pine et al. 2017). In this study, logistical
restrictions prevented rigorous recording of vessels
and prey. Future research should integrate these factors into the distribution models.

5. CONCLUSIONS
The present study obtained ecological information
for finless porpoises and humpback dolphins inhabiting the coastal waters of the Langkawi Archipelago,
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Malaysia, using passive acoustic monitoring. Both
species were distributed mainly in waters of <15 m
depth. However, both species differed significantly
in terms of numbers and sites detected, preferred
distances from shore, and chl a concentrations. Finless porpoise distribution was temporally stable
especially in the eastern waters around the islands.
By contrast, humpback dolphin distribution was seasonal and localized to specific sites within the
research area. We propose that each species is influenced by different environmental factors in the
waters around the Langkawi Archipelago. Further
investigations into the coastal distribution of humpback dolphins may help elucidate their presence and
habitat preferences around Langkawi. Long-term
sampling, and feeding ecology and prey distribution
studies will help clarify the distribution patterns of
these species in the area. To our knowledge, this
study is the first to model the habitat preferences of 2
sympatric coastal cetacean species within Malaysia
and Southeast Asia by passive acoustic monitoring.
The conservation and management of finless porpoises and humpback dolphins in the waters around
the Langkawi Archipelago may be improved by
designing and establishing protected areas customized for each species according to their unique
habitat preferences.
Acknowledgements. This work was funded by the IndoPacific Cetacean Research and Conservation Fund (Grant
No. IPCF 12/2), Grant-in-Aid for JSPS Fellows (Grant No.
24-3578), JSPS KAKENHI (Grant Nos. JP18H06495 and
JP19K20460), JSPS Core-to-Core Program, A. Advanced
Research Networks (Wildlife Research Center of Kyoto University, Grant No. JPJSCCA20170005), JSPS Institutional
Program for Young Researcher Overseas Visits, SPIRITS
2020 of Kyoto University, and MMT Co. Inc., Saitama,
Japan. We thank Ng Jol Ern, Kuit Sui Hyang, Tomonari
Akamatsu, and the volunteers who assisted with the fieldwork, our research vessel crew, and Telaga Harbour
Terminal and Tropical Resort in Langkawi for their fieldwork support, Saliza Bono for her helpful comments on the
manuscript, the reviewers for evaluating the manuscript,
and the editor for publishing it.
LITERATURE CITED
Akamatsu T, Matsuda A, Suzuki S, Wang D and others
(2005) New stereo acoustic data logger for free-ranging
dolphins and porpoises. Mar Technol Soc J 39:3−9
Akamatsu T, Teilmann J, Miller LA, Tougaard J and others
(2007) Comparison of echolocation behaviour between
coastal and riverine porpoises. Deep Sea Res II Top Stud
Oceanogr 54:290−297
Akamatsu T, Nakazawa I, Tsuchiyama T, Kimura N (2008)
Evidence of nighttime movement of finless porpoises
through Kanmon Strait monitored using a stationary
acoustic recording device. Fish Sci 74:970−975

208

Endang Species Res 48: 199–209, 2022

Akamatsu T, Nakamura K, Kawabe R, Furukawa S, Murata
H, Kawakubo A, Komaba M (2010) Seasonal and diurnal
presence of finless porpoises at a corridor to the ocean
from their habitat. Mar Biol 157:1879−1887
Au WWL (1993) The sonar of dolphins. Springer-Verlag,
New York, NY
Barton K, Barton MK (2019) Package ‘MuMIn’. R Package
Version 1. https://cran.r-project.org/web/packages/
MuMIn/index.html
Becker EA, Forney KA, Fiedler PC, Barlow J and others
(2016) Moving towards dynamic ocean management:
How well do modeled ocean products predict species
distributions? Remote Sens 8:149
Booth CG, Embling C, Gordon J, Calderan SV, Hammond
PS (2013) Habitat preferences and distribution of the harbour porpoise Phocoena phocoena west of Scotland. Mar
Ecol Prog Ser 478:273−285
Caruso F, Dong L, Lin M, Liu M and others (2020) Monitoring of a nearshore small dolphin species using passive
acoustic platforms and supervised machine learning
techniques. Front Mar Sci 7:267
Chenoli SN, Jayakrishnan PR, Samah AA, Hai OS, Ahmad
Mazuki MY, Lim CH (2018) Southwest monsoon onset
dates over Malaysia and associated climatological characteristics. J Atmos Sol Terr Phys 179:81−93
Clay TA, Mangel JC, Alfaro-Shigueto J, Hodgson DJ, Godley BJ (2018) Distribution and habitat use of a cryptic
small cetacean, the Burmeister’s porpoise, monitored
from a small-scale fishery platform. Front Mar Sci 5:220
Dawson S, Wade P, Slooten E, Barlow J (2008) Design and
field methods for sighting surveys of cetaceans in coastal
and riverine habitats. Mammal Rev 38:19−49
Díaz López B, Methion S (2018) Does interspecific competition drive patterns of habitat use and relative density in
harbour porpoises? Mar Biol 165:92
Dong L, Dong J, Caruso F, Zhao L, Li S (2021) Temporal variation of the underwater soundscape in Jiaotou Bay, an
Indo-Pacific humpback dolphin (Sousa chinensis) habitat
off Hinan Island, China. Integr Zool 16:477−498
Dormann CF, Elith J, Bacher S, Buchmann C and others
(2013) Collinearity: a review of methods to deal with it
and a simulation study evaluating their performance.
Ecography 36:27−46
Fang L, Li S, Wang K, Wang Z, Shi W, Wang D (2015)
Echolocation signals of free-ranging Indo-Pacific humpback dolphins (Sousa chinensis) in Sanniang Bay, China.
J Acoust Soc Am 138:1346−1352
Fisher FH, Simmons VP (1977) Sound absorption in sea
water. J Acoust Soc Am 62:558−564
Fleming AH, Yack T, Redfern JV, Becker EA, Moore TJ, Barlow J (2018) Combining acoustic and visual detections in
habitat models of Dall’s porpoise. Ecol Model 384:
198−208
Forney KA, Ferguson MC, Becker EA, Fiedler PC and others
(2012) Habitat-based spatial models of cetacean density
in the eastern Pacific Ocean. Endang Species Res 16:
113−133
Fox J, Weisberg S (2019). An R companion to applied regression, 3rd edn. Sage, Thousand Oaks, CA
Hashim NAN, Jaaman SA (2011) Boat effects on the behaviour of Indo-Pacific humpback (Sousa chinensis) and
Irrawaddy dolphins (Orcaella brevirostris) in Cowie Bay,
Sabah, Malaysia. Sains Malays 40:1383−1392
Hines E, Ponnampalam LS, Hisne FIJ, Whitty TS, JacksonRicketts J, Kuit SH, Acebes J (2015) Report of the Third

Southeast Asian Marine Mammal Symposium (SEAMAM III). UNEP/CMS Secretariat, Bonn
Hooker SK, Cañadas A, Hyrenbach KD, Corrigan C, Polovina JJ, Reeves RR (2011) Making protected area networks effective for marine top predators. Endang Species Res 13:203−218
Jefferson TA, Hung SK (2004) Neophocaena phocaenoides.
Mamm Species 746:1−12
Jefferson TA, Rosenbaum HC (2014) Taxonomic revision of
the humpback dolphins (Sousa spp.), and description of a
new species from Australia. Mar Mamm Sci 30:
1494−1541
Jefferson TA, Smith BD, Braulik GT, Perrin W (2017) IndoPacific humpback dolphin Sousa chinensis (errata version published in 2018). The IUCN Red List of Threatened Species 2017: e.T82031425A123794774. https://dx.
doi.org/10.2305/IUCN.UK.2017-3.RLTS.T82031425A
50372332.en
Kameyama S, Akamatsu T, Dede A, Öztürk AA, Arai N
(2014) Acoustic discrimination between harbor porpoises
and delphinids by using a simple two-band comparison.
J Acoust Soc Am 136:922−929
Kanaji Y, Okazaki M, Miyashita T (2017) Spatial patterns of
distribution, abundance, and species diversity of small
odontocetes estimated using density surface modeling
with line transect sampling. Deep Sea Res II 140:151−162
Kimura S, Akamatsu T, Wang K, Wang D, Li S, Dong S, Arai
N (2009) Comparison of stationary acoustic monitoring
and visual observation of finless porpoises. J Acoust Soc
Am 125:547−553
Kimura S, Akamatsu T, Li S, Dong S and others (2010) Density estimation of Yangtze finless porpoises using passive
acoustic sensors and automated click train detection.
J Acoust Soc Am 128:1435−1445
Kimura S, Akamatsu T, Li S, Dong L, Wang K, Wang D, Arai
N (2012) Seasonal changes in the local distribution of
Yangtze finless porpoises related to fish presence. Mar
Mamm Sci 28:308−324
Kimura SS, Sagara T, Yoda K, Ponnampalam LS (2021)
Acoustic identification of the sympatric species IndoPacific finless porpoise and Indo-Pacific humpback dolphin: an example from Langkawi, Malaysia. Bioacoustics,
doi:10.1080/09524622.2021.1998796
Kuit SH, Ponnampalam LS, Ng JE, Chong VC, Then AYH
(2019) Distribution and habitat characteristics of three
sympatric cetacean species in the coastal waters of
Matang, Perak, Peninsular Malaysia. Aquat Conserv 29:
1681−1696
Li S, Akamatsu T, Wang D, Wang K and others (2008) Indirect evidence of boat avoidance behavior of Yangtze finless porpoises. Bioacoustics 17:174−176
Li S, Akamatsu T, Wang D, Wang K (2009) Localization and
tracking of phonating finless porpoises using towed
stereo acoustic data-loggers. J Acoust Soc Am 126:
468−475
Lin TH, Akamatsu T, Chou LS (2013) Tidal influences on the
habitat use of Indo-Pacific humpback dolphins in an
estuary. Mar Biol 160:1353−1363
Madsen PT, Carder DA, Bedholm K, Ridgway SH (2005) Porpoise clicks from a sperm whale nose — convergent evolution of 130 kHz pulses in toothed whale sonars? Bioacoustics 15:195−206
Marzuki A (2008) Impacts of tourism development in
Langkawi Island, Malaysia: a qualitative approach. Int
J Hosp Tour Syst 1:1−10

Kimura et al.: Coastal cetacean distribution in Langkawi, Malaysia

209

Mei Z, Han Y, Turvey ST, Liu J and others (2021) Mitigating
the effect of shipping on freshwater cetaceans: the case
study of the Yangtze finless porpoise. Biol Conserv 257:
109132
Mellinger DK, Stafford KM, Moore SE, Dziak RP, Matsumoto H (2007) An overview of fixed passive acoustic
observation methods for cetaceans. Oceanography 20:
36−45
Morimura N, Mori Y (2019) Social responses of travelling
finless porpoises to boat traffic risk in Misumi West Port,
Ariake Sound, Japan. PLOS ONE 14:e0208754
Morisaka T, Connor RC (2007) Predation by killer whales
(Orcinus orca) and the evolution of whistle loss and narrow-band high frequency clicks in odontocetes. J Evol
Biol 20:1439−1458
Myers N, Mittermeier RA, Mittermeier CG, Da Fonseca
GAB, Kent J (2000) Biodiversity hotspots for conservation
priorities. Nature 403:853−858
Ng SL, Leung S (2003) Behavioral response of Indo-Pacific
humpback dolphin (Sousa chinensis) to vessel traffic.
Mar Environ Res 56:555−567
Parsons ECM (1998) The behaviour of Hong Kong’s resident
cetaceans: the Indo-Pacific hump-backed dolphin and
the finless porpoise. Aquat Mamm 24:91−110
Pine MK, Wang K, Wang D (2017) Fine-scale habitat use in
Indo-Pacific humpback dolphins, Sousa chinensis, may
be more influenced by fish rather than vessels in the
Pearl River Estuary, China. Mar Mamm Sci 33:291−312
Piwetz S, Jefferson TA, Würsig B (2021) Effects of coastal
construction on Indo-Pacific humpback dolphin (Sousa
chinensis) behavior and habitat-use off Hong Kong. Front
Mar Sci 8:572535
Ponnampalam LS (2012) Opportunistic observations on the
distribution of cetaceans in the Malaysian South China,
Sulu and Sulawesi Seas and an updated checklist of marine mammals in Malaysia. Raffles Bull Zool 60:221−231
Ponnampalam LS, Jamal Hisne FI (2011) Distribution, ecology, and conservation of cetaceans around the Langkawi
Archipelago, with special reference to Indo-Pacific
humpback dolphins, Sousa chinensis. Final report submitted to the Ocean Park Conservation Foundation,
Hong Kong

Roberts CM, McClean CJ, Veron JEN, Hawkins JP and others (2002) Marine biodiversity hotspots and conservation
priorities for tropical reefs. Science 295:1280−1284
Samat N, Harun N (2013) Urban development pressure:
challenges in ensuring sustainable tourism development
in Langkawi Island. Procedia Soc Behav Sci 91:385−394
Shahbudin S, Zuhairi A, Kamaruzzaman BY (2012) Impact
of coastal development on mangrove cover in Kilim river,
Langkawi Island, Malaysia. J For Res 23:185−190
Smith BD, Ahmed B, Mowgli RM, Strindberg S (2008) Species occurrence and distributional ecology of nearshore
cetaceans in the Bay of Bengal, Bangladesh, with abundance estimates for Irrawaddy dolphins Orcaella brevirostris and finless porpoises Neophocaena phocaenoides.
J Cetacean Res Manag 10:45−58
Teoh ZY (2018) Humpback dolphin social ecology under
anthropogenic threats in Langkawi, Malaysia. Final Report to the Conservation Leadership Programme. https://
www.conservationleadershipprogramme.org/media/2016/
04/CLP-Final-Report_ProjectID-03286416.pdf
Villadsgaard A, Wahlberg M, Tougaard J (2007) Echolocation signals of wild harbour porpoises, Phocoena phocoena. J Exp Biol 210:56−64
Wang JY, Reeves R (2017) Indo-Pacific finless porpoise
Neophocaena phocaenoides. The IUCN Red List of
Threatened Species 2017: e.T198920A50386795. https://
dx.doi.org/10.2305/IUCN.UK.2017-3.RLTS.T198920A
50386795.en
Wang X, Wu F, Turvey ST, Rosso M, Zhu Q (2016) Seasonal
group characteristics and occurrence patterns of IndoPacific humpback dolphins (Sousa chinensis) in Xiamen
Bay, Fujian Province, China. J Mammal 97:1026−1032
Wood SN (2006) Generalized additive models: an introduction with R. CRC/Chapman and Hall, Boca Raton, FL
Wood SN (2018) Package ‘mgcv’. Version 1.8-26. https://cran.
r-project.org/web/packages/mgcv/index.html
Würsig B, Parsons ECM, Piwetz S, Porter L (2016) The
behavioural ecology of Indo-Pacific humpback dolphins
in Hong Kong. Adv Mar Biol 73:65−90
Zuur AF, Ieno EN, Elphick CS (2010) A protocol for data
exploration to avoid common statistical problems. Methods Ecol Evol 1:3−14

Editorial responsibility: Jeremy Kiszka,
North Miami, Florida, USA
Reviewed by: J. R. Robbins, J. Meager and
1 anonymous referee

Submitted: May 13, 2021
Accepted: May 5, 2022
Proofs received from author(s): July 19, 2022

