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Population size, distribution and daylight behaviour of Irrawaddy
dolphins (Orcaella brevirostris) in Penang Island, Malaysia

L.H. Rodriguez-Vargas'?, L. Rajamani'”, L. Dolar* & L. Porter*

Abstract. The Irrawaddy dolphin (Orcaella brevirostris) is endemic to South and Southeast Asia and occurs
in shallow coastal waters, associated with freshwater input, coastal lagoons and in three rivers. The status of
all except the riverine populations is poorly understood, however, the proximity of all populations to areas of
intense coastal development led to the 2017 IUCN classification of ‘Endangered’. This is the first description of a
coastal estuarine Irrawaddy dolphin population in Penang Island, Malaysia, and provides baseline information on
population size, distribution, group structure, and daylight behaviour. Vessel-based observations were conducted
throughout 2013 and mark-recapture analysis of the photo-identification data was used to estimate population size.
Thirty individuals were identified from 28 unique left and 26 unique right dorsal fins. Closed and open models
were used to estimate a population size of 32 + 3 (SE) and 43 + 12 (SE) individuals, respectively. Sightings of
Irrawaddy dolphins were recorded throughout the study area in the estuary of Balik Pulau (west Penang), mostly
between Sungai [=River] Pinang and Sungai [=River] Burung, usually during high tide and close to shore. The
mean group size was 5 = 0.5 (SE). Juveniles (n=26) were sighted throughout the year. Mother-calf pair (n=16)
sightings peaked in May. During the surveys, feeding was the most commonly observed behaviour (60%) followed
by milling (16%), travelling (14%), and socialising (2%). Groups of dolphins were observed moving in a circular
pattern creating loops while feeding, and returning to the point where the activity started. This appears to be the
first documentation of dolphins following prey in large circles over several hundreds of metres. As this population
occurs within a restricted habitat, the impact of fishing and other anthropogenic activities in the area is high. As
coastal development continues to increase, there is an urgent need to develop a management plan to better protect

this critical habitat and the dolphins that live within.
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INTRODUCTION

The Irrawaddy dolphin (Orcaella brevirostris) occurs in
estuarine areas, rivers, and semi-enclosed lagoons (Minton
et al., 2017). In South and Southeast Asia, however, these
habitats are highly polluted and are becoming increasingly
degraded (Dudgeon, 1992; Islam & Tanaka, 2004). Several
populations of this species have been documented in coastal
areas; Malampaya Sound, Palawan, Philippines (Dolar et al.,
2002; Smith et al., 2004), Sundarbans, Bangladesh (Smith
et al., 2006; Smith et al., 2008), Kuching Bay, Sarawak,
Malaysia (Minton et al., 2013), Sandakan Bay, Sabah,
Malaysia (Dolar et al., 1997), the Gulf of Thailand, Thailand
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(Hines et al., 2015), and Iloilo Strait, Philippines (Dolar,
2010). There are five freshwater populations; the Mekong
River, spanning Laos, Cambodia, and Vietnam (Beasley et
al., 2002; Beasley, 2007), the Mahakam River, Indonesia
(Kreb et al., 2007), Chilika Lake, India (Sutaria & Marsh,
2011), Songkhla Lake, Thailand (Beasley et al., 2002), and
the Ayeyarwaddy River, Myanmar (Smith & Mya, 2007).

These populations inhabit the waters of some of the world’s
fastest developing countries, where wildlife conservation is
often outweighed by the importance of economic growth
(Sodhi et al., 2004; Sodhi et al., 2010). As such, Irrawaddy
dolphin populations are subject to the various threats
associated with economic growth, such as habitat loss and
fragmentation and pollution in addition to the persistent threat
of interactions with fisheries. Irrawaddy dolphin populations
are small and mortality related to anthropogenic activities
can have a profound impact (Beasley et al., 2002; Smith et
al., 2004; Kreb et al., 2007; Smith & Mya, 2007; Beasley
et al., 2013, Minton et al., 2017). As a result of these
myriad threats, coastal populations of Irrawaddy dolphin
were recently upgraded from “Vulnerable” to “Endangered”
on the IUCN Red List of Threatened species and the five
riverine populations remain listed as “Critically Endangered”
(Minton et al., 2017).
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In Malaysia, Irrawaddy dolphin populations have been
recorded in the east in Sandakan and Kuching Bays (Dolar
et al., 1997; Minton et al., 2013) and around Penang Island,
Peninsular Malaysia (Rajamani et al., 2018). Penang is
undergoing rapid coastal change with many ongoing and
proposed infrastructure development and land reclamation
projects (Chee et al., 2017). As the dolphin population is
endangered as listed in the IUCN Red list of Threatened
Species and occurs in a rapidly degrading habitat, this
research provides baseline information on population size,
distribution, structure and movement patterns and it is hoped
that this new information will be useful for the development
of management plans aimed at conserving Penang coastal
habitats and the species that dwell therein.

MATERIAL AND METHODS

Study site. Penang Island is located in Peninsular Malaysia
(05°08'0"N to 05°35'0"N and 100°08'0"E to 100°32'0"E)
and covers an area of about 293 km? (Ismail et al., 2002)
(Fig. 1). West Penang consists of a small estuarine area,
approximately 80 km? comprises some 14 km of mangrove
coastline and is a shallow, microtidal habitat with freshwater
input from six different rivers, including Sungai Pinang and
Sungai Burung. The estuarine area extends approximately
2 km seawards and is on average 2 m in depth (Horton et
al., 2008; Rosli & Yahya, 2013).

Distribution, population size and movement patterns. In
2013, thirty-eight boat surveys were conducted in the months
of February, March, May, July, September, October, and
November, and environmental parameters were recorded
once a month for seven months of the study period. Boat
surveys commenced in the morning (from 0730-0900 hours)
and were usually completed within six hours. The surveys
were conducted from a small fishing vessel (7.6 m) which
travelled a pre-determined route that covered all accessible
habitat (approximately 80 km?; Fig. 1). The surveys were
conducted by two experienced observers.

Whenever a cetacean was sighted, the geographic location
was recorded using a GPS unit, as well as the time, species,
group size, group composition (e.g. number of calves,
juveniles, and adults), and observed behaviour. Considerable
time was spent with each group to ensure that all individuals
in the group were photographed and to facilitate sufficient
observations of behaviour and group dynamics. A sighting
ended after all individuals had been photographed or when
15 minutes had elapsed since the last surface.

Photographs were taken using a DSLR camera Nikon
D3200, with a 70-300mm lens. Calves were distinguished
as animals smaller than 2/3 the length of an adult, regularly
accompanying a larger animal presumed to be the mother.
Juveniles were defined as individuals approximately 2 m in
length that swam independently from larger dolphins, and
adults were defined as those approximately 2.5 m length,
and more robust in form than smaller individuals (Parra et
al., 2006).
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After taking photos of the individuals observed, the behaviour
was determined according to previously published behavioural
states for coastal cetacean species, i.e. feeding, travelling,
socialising, milling and undetermined (Shane et al., 1986;
Karczmarski et al., 1999; Parra, 2006) with modifications
based on personal observations (See supplementary material
for definition of behaviour in this study). When multiple
behaviours were observed, the predominant behaviour was
used for analyses.

Population size was determined using the mark-recapture
method and photo-identification techniques (Hammond,
2009). In this method, an individual dolphin is identified based
on the shape and pigmentation of the dorsal fin, scratches,
and wounds on the upper body and most importantly,
marks that were most likely to be discernable throughout
the duration of the study, e.g., deep scars and deformities
(Wiirsig & Jefferson, 1990).

Habitat. During the surveys, environmental parameters
were also measured. Measurements were made every 20
minutes and immediately after dolphin sightings. Sea surface
temperature (SST) (°C) and salinity (expressed in Practical
Salinity Unit or PSU) were measured using a CastAway®
CTD; whereas turbidity (expressed in Nephelometric
Turbidity Units or NTU), was measured using a Hach®
2100P turbidity meter, and depth (meters) was measured
using a HawkEye® handheld depth finder. The geographical
position was recorded using a GPS Garmin 76c¢sx. Sea state
was determined according to the Beaufort scale, and surveys
were generally conducted during Beaufort < 3. The tide level
(m) was estimated from the Tide Table for Penang (National
Hydrographic Centre, 2013). The mean sea level (MSL) in
Penang as defined by the Malaysia National Hydrographic
Centre is 1.7 m (National Hydrographic Centre, 2013). All the
values above the MSL were recorded as high tide, whereas
all those equal or below the MSL were recorded as low tide.

Analysis. Photo-identification and population size. Images
taken during the surveys were graded according to their
quality and only those of sufficient quality were used to
identify individual dolphins (Urian et al., 2015). Individuals
with insufficient markings to classify them as unique were
also noted. The photo ID catalogue comprised three sets,
leftside dorsal fins (LDF) only, rightside dorsal fins (RDF)
only and all fins (OBP). A discovery curve was plotted for
all three sets. Each catalogue set, LDF, RDF, and OBP was
grouped into five sampling occasions of two months each.

Population size was estimated using mark-recapture analyses
using the program MARK® (Cooch & White, 2018). This
software has been successfully used in several studies to
estimate the Irrawaddy dolphin population size (Parra et
al., 2006; Minton et al., 2013). In MARK, both closed and
open population models were explored. In general, closed
population models are considered more robust because of
model precision, however, it is assumed that there is little
change from births, deaths, immigration or emigration during
the study period (Hammond, 2009). As this assumption is
almost never fully met, certain closed models are more
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Fig. 1. Penang Island. Shown are the survey trackline west of island and fishing villages.
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Table 1. Environmental parameters collected during the study and during boat survey sighting events.

Parameters of the study area

Parameter (no sightings) Parameters during sightings
Depth (m) Mean 4.68 4.39

Range 1.20-11.30 1.2-11.30
Salinity (psu) Mean 30.94 30.57

Range 29.06-32.97 28.57-32.37
Turbidity (ntu) Mean 25.04 25.07

Range 7.13-92.00 7.13-70.2
Sea surface temperature (°C) Mean 30.86 30.71

Range 29.29-32.08 29.12-32.08

flexible and allow for heterogeneity in capture probability
with fewer limitations than open population models (Otis
et al., 1978; Wilson et al., 1999; Lettink & Armstrong,
2003). Four different models for closed populations were
tested to determine which one was the most parsimonious
for population size estimates: Mth (time dependent and
a heterogeneous probability of detection), Mb (behaviour
dependent), Mt (time-dependent), and Mo (constant) (Otis
et al., 1978).

Open population models consider variation in population size
during the study period, so, when assumptions of closure
may not be met, it can be useful to compare estimates of
both open and closed models (Sutaria & Marsh, 2011). The
models with the lowest Akaike Information Criterion (AIC)
were used to determine the best model for each data set. The
POPAN formulation for Jolly-Seber was used to compare
four different models (Table 2) for open populations, where
p = capture probabilities; ¢ = survival probabilities, and
PENT = a probability of entrance of other individuals in
the parameterisation, as a function of time (Cooch & White,
2018). Since MARK only estimates the number of marked
animals, a correction factor that includes the unmarked
animals was used in order to calculate the total population
size (Minton et al., 2013).

Distribution and movement patterns. Distribution was
determined by plotting the location of sightings using
ArcMAP 10.1. This plot was also used to determine where
the dolphins were found at different tidal levels. Locations
of each photo-identified dolphin were also mapped using
the same software. A grid with squares of 1 km x 1 km
was used to estimate the distance between sightings of
each identified individual, thus mapping movement patterns
during the period of this research (Minton et al., 2011). Two
periods of the day, 1000 to 1200 hours (morning) and 1200
to 1400 hours (afternoon), were compared by the number
of sightings per timeframe of day where the survey effort
was the same.

Environmental parameters. The Statistical Package for the
Social Sciences (SPSS 15.0) was used to determine the
mean, standard error, and maximum and minimum values of
each parameter. A binary logistic regression was run using
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a forced entry method to predict the absence or presence
of the dolphins according to the environmental variables
measured during the sightings, i.e. sea surface temperature,
salinity, turbidity, depth, and tide height. Also, to model
the parameters in the area at the moment of sampling, the
GPS positions were plotted in ArcMAP 10.1 along with an
interpolation of the measurements using the Kriging tool, in
which the function error is calculated automatically.

Behavioural studies. Behavioural information was organised
in an Excel database. To establish the frequency in which
each type of behaviour was observed throughout the study,
an analysis of the frequency distribution of behaviours
was generated using Statistical Package for Social Science
program (SPSS) 15.0.

RESULTS

Sightings occurred on 25 out of 38 days. A total of 43
sightings of Irrawaddy dolphins were recorded, with an
encounter rate of 0.25 sightings per hour, and 1.13 sightings
per day. Sightings lasted from 15 to 143 minutes, with
a mean sighting duration of 45.35 + 5.29 (SE) minutes.
Most of the sightings (81%) were recorded within 2 km of
Sungai Pinang and Sungai Burung river mouths. Only one
opportunistic sighting was recorded in Teluk [=Bay] Duyung
(on the northwest coast and ~ 9 km from the survey site)
adding a new point to Irrawaddy dolphin distribution limits,
thus expanding the known distributional limit. This indicates
that the range is probably further than previously thought
of as the areas between Sungai Pinang and Teluk Kampi.
The mean values of sea surface temperature, salinity, and
turbidity during sightings were 30.71 + 0.12 (SE) °C, 30.57
+ 0.13 (SE) PSU, and 25.07 + 2.96 (SE) NTU, respectively
(Table 1). There was no significant difference in the water
depths between areas where there were dolphins and areas
where there were no dolphins. Dolphins were recorded in
waters between 1.2 and 11.3 m depth, with a mean of 4.39
+ 0.26 m. Tidal height during sightings ranged from 0.9 m
to 2.7 m. Values of turbidity varied between samples (min
7.13—max 70.2 NTU) but sightings were mostly recorded
in spots with turbidity of >20 NTU.
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Table 2. Most parsimonious closed and open population models used to estimate abundance using individuals identified separately by marks
in their right (RDF) or left (LDF) dorsal fin, and jointly regardless of the side of the mark (OBP). Mt = Model of capture probabilities
varying with time; p = capture probability; ¢ = survival probability; (-) constant variable; (t) time-dependent variable; n = number of
individuals identified, N= population size estimate of marked individuals only; SE = Standard Error; 6 = Proportion of marked individuals;
Ntotal = Total population size estimate; CV = Coefficient of variation; 95% CI = Confidence Interval.

Model n N SE CvV 95% CI 0 Ntotal  SETotal CV 95% CI
Closed Population Models
LDF Mt 23 29 4 0.15 22-39 0.90 32 6 0.18 23-45
RDF Mt 25 35 7 0.20 24-52 0.84 42 6 0.15 31-57
OBP Mt 26 28 2 0.07 24-32 0.87 32 3.1 0.18 23-45
Open Population Models
LDF p®), & (*) 23 36 11 0.30 21-64 0.90 40 13 0.32 22-75
RDF p®, d () 25 43 10 0.24 27-68 0.84 51 13 0.26 31-84
OBP p(), ¢ () 26 37 9 0.25 23-60 0.87 43 12 0.28 25-73
. whereas for RDF it was p (.), ¢ (.), and PENT (t). Total open
Discovery Curve (Hours) population estimates were between 40 and 51 individuals
g s (Table 2).
E 40
2B Ao 135 . .
2 5 L~ Tes S ey Distribution patterns. Dolphins were sighted between 0.6
s Ple SN = : ;
L / sl |25 & and 5 km from shore. Sightings occurred frequently between
E /——-—"r‘{.-" R 't 20 £ Sungai Pinang and Sungai Burung river mouths, and most
R P i T e % T 13 : often at the Sungai Pinang river mouth (Fig. 3). The most
£ s T — ] — northern sighting was recorded opportunistically at Teluk
z 0 0 Duyung (05°28'13"N-100°11"22"E) and the most southern
MARCH:  MAX fuby  SEFFEMBERNOVEMEER sighting was recorded during low tide near Pulau [=Island]
C— Effort (Hours) OBP =@ aRDF ceeees LDF Betong (05°18'51"N-100°112"E). Thirty-one sightings

Fig. 2. Discovery curve showing the accumulation of new individuals
identified during the period of study, related to the effort in hours
per month when sighting were recorded. LDF = Left dorsal fin;
RDF = Right dorsal fin; OBP = regardless of side.

There was no significant difference in the environmental
parameters of the study area when dolphins were observed
and not observed (Table 1). The logistic regression analysis
showed to be most suitable when %?> > 0.05 (Table 1), and
none of the parameters values was significant to predict the
absence/presence of the dolphins.

Photo-identification. Thirty (30) individual Irrawaddy
dolphins were identified combining all photo-identification
data; twenty-eight (28) individuals were identified by their
left dorsal fin (LDF) only, and 26 by their right dorsal fin
(RDF) only. The discovery curve (Fig. 2) did not plateau
indicating that all individuals within the population had
not yet been photographed and that more effort is required
(Karczmarski et al., 1999; Parra et al., 2006).

Population size. The Irrawaddy dolphins’ population size
was estimated using OBP, LDF, and RDF datasets (Table
2). The closed population time dependent model (Mt) values
of dispersion were the closest to real circumstances in all
three cases. Total closed population estimates from the time
dependent model (Mt) were between 32 and 42 individuals
(Table 2). Open population POPAN formulation for Jolly-
Seber showed that for both LDF and OBP estimates, the
model p (t), d (), PENT (t) was the most parsimonious,
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(72%) occurred during high tide and 12 sightings (28%)
during low tide. Two sightings recorded at approximately five
kilometres from shore occurred during low tide, whereas the
majority of sightings were recorded closer to shore during
high tide periods (Fig. 3B).

Four of the most frequently sighted dolphins (OBP006,
OBP0010, OBP1004, and OBP007) provided an indication
of the spatial range of individuals during the study period
(Fig. 3A). Both OBP006 and OBP0010, sighted on four
and six different days, respectively, had distances between
sightings as long as 16 km. This is the furthest apart Irrawaddy
dolphins were noted during this study period. OBP004 was
sighted on four different days, the largest distance between
sightings of this individual was 14 km, and OBP007 was
sighted on seven occasions, and the largest distance between
sightings of this individual was 6 km. Other individuals that
were recorded on more than three occasions were within
the same small bay.

Group composition. Mean group size was 5 £ 0.5 (SE)
individuals, with a maximum of 15 individuals and a
minimum of two; the mode of the group size was three
individuals. From the 43 sightings, 7% were single individuals
and 93% were groups. Juveniles were observed in 47% of
these group sightings, and calves were observed in 33%.

Average group size was highest in February and lowest in
March 2013 (Table 3). From the total number of Irrawaddy
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Table 3. Mean group size, range, number of groups and total individuals in relation to the proportion of juveniles and calves found during

the study. SE = Standard Error. A = Adults; J = Juveniles; C = Calves.

Group Size
Month e TGrowpsComted AT € e vl Caves ()
+SE Range
February 8+2 6-10 2 16 15 1 0 6 0
March 3+1 1-7 6 21 20 1 0 5 0
May 6+2 1-15 8 59 43 10 6 17 10
July 6+4 2-9 2 11 7 3 1 27 9
September S5+1 2-8 10 47 39 4 4 9 9
October 4+1 2-6 6 24 17 3 4 13 17
November 5+1 3-9 6 30 25 4 1 13 3
Total 40 208 166 26 16 13 8
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dolphins counted on the study sighted (n=208), 13% (n=26)
were juveniles and 8% (n=16) were calves. Mother-calf pairs
were observed in 14 (32%) of the 43 sightings, mostly in
May (n=5; 12%) and September (n=4; 9%), followed by
October (n=3; 7%), July (n=1; 2%) and November 2013
(n=1; 2%). Groups including juveniles and calves had six to
fifteen individuals. The biggest group of Irrawaddy dolphins
(n=15) which included two calves and one juvenile was
recorded in October 2013.

Two mother-calf pairs were recorded in May and in October
2013, confirming the presence of at least two females
throughout the study period. These pairs were seen in groups
of three to eight individuals. At least two observations of
mothers and calves included the presence of a third individual
in close proximity.

Dolphin occurrence and behaviour. Out of the 43 sightings,
31 (72%) sightings were recorded between 1000 and 1400
hours. Most of the sightings (53%; n=23) were observed
in the morning between 1000 to 1200 hours, and 9% (n=8)
in the afternoon between 1200 to 1400 hours. Feeding was
the behaviour most commonly observed (60%), followed
by milling (16%), travelling (14%) and socialising (2%).
Feeding was concentrated between Sungai Pinang and Sungai
Burung river mouths (Fig. 4).

Groups feeding (60%) were observed moving in a circular
pattern, creating loops and returning to the point where the
activity started (Fig. 5) with synchronised diving of two to
three individuals occurring often, including mothers and
juveniles. Also, individuals feeding would pause before
diving to presumably hunt and produced loud sounds when
exhaling. Leaps were observed but only in two sightings and
aggregations were considered as a socialising behaviour.
While travelling the groups displayed one-direction
swimming with regular surface intervals, and milling was
the very opposite of this, with less movement and irregular
surfacing.

DISCUSSION

The size of the population of Irrawaddy dolphins in West
Penang was estimated from closed population models, to be
32 to 42 individuals, and from open population models, to
be 40 to 51 individuals. This small population size is similar
to other areas where there are concerns for their survival
(Smith et al., 2004; Kreb et al., 2007; Sutaria & Marsh, 2011;
Beasley et al., 2013). Except for an estimated population
size of 423 individuals in the east Gulf of Thailand (Hines
et al., 2015), all known coastal populations of Irrawaddy
dolphins do not exceed 100 individuals (Smith et al., 2004).
The size of other coastal populations of Irrawaddy dolphins
range from 31 in Cowie Bay (Malaysia); <50 individuals
in Ilollo strait (Philippines) 75 in the Bay of Bengal to 233
individuals in Kuching Bay (Malaysia) (Smith et al, 2008;
Dolar, 2010; Minton et al., 2013; Shu et al., 2013). As in
other coastal areas, Irrawaddy dolphin group size off Penang
Island is small, characteristic of cetacean species feeding in
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coastal areas where prey is distributed unevenly (Smith et
al., 2004; Jaaman, 2006; Beasley, 2007; Smith et al., 2008;
Ballance, 2009).

The distribution of Irrawaddy dolphins appears restricted to a
small area, between Sungai Pinang and Sungai Burung river
mouths. This is similar at Cowie Bay, Sarawak, Malaysia
Ilollo strait (Philippines), and the Bay of Bengal (Smith et al.,
2008; Dolar, 2010; Shu et al., 2013). Therefore it is important
these small critical habitats be conserved appropriately. It is
clear that the full extent of west Penang population size and
range is still unknown as the discovery of new individuals
has yet to plateau, hence the need to test both closed and
open population models during this study. Further research
covering a larger area at the continental shoreline would
help provide more information. The most northern sighting
of Irrawaddy dolphins occurred 16 km apart from the most
southern sighting recorded near Sungai Burung river mouth.
(Fig. 3A). Approximately 18 km northeast from where the
most northern sighting was recorded is Kuala Muda, another
estuary with mangrove forest and with the potential to be
an area used by Irrawaddy dolphins. Studies have shown
that populations of Irrawaddy dolphins can travel in ranges
up to 30 to 40 km apart in Kuching Bay (Peter, 2012), and
similar observations have been recorded for individuals seen
in different islands in the Philippines (personal observation,
M.L. Dolar) suggesting that this species is capable of moving
across different coastal ecosystems.

In this study, all sightings occurred within the 6 m depth
contour and there was no indication that any depth was
preferred within this range. In other areas, Irrawaddy dolphins
are often associated with high or rising tide (Jaaman, 2006;
de la Paz, 2012; Peter, 2012) and other species of estuarine
dolphins show similar high tide related movement patterns
representing an opportunity to increase access to the prey
while reducing the risk of stranding in shallow areas (Santos
et al., 2010; Fury & Harrison, 2011; Prado et al., 2013).
Habitat use is determined by a combination of variables
both physical and biological, including conditions typical
of tropical estuaries such as a patchy distribution of high
phytoplankton abundance that in turn is associated with tidal
variation and changes between water masses (Forney, 2009).

None of the variables evaluated (i.e., sea surface temperature,
salinity, tide), were statistically significant predictors of the
presence of the dolphins, as it has been similarly observed
in other studies of the association of multiple environmental
parameters with the presence of Irrawaddy dolphins (Peter,
2012). However, waters less than 6 m depth seem to be
adequate for main activities such as feeding in this area.
Perhaps more sightings at greater distances from the shore
would provide data that could show significant differences
in environmental parameters according to the presence or
absence of dolphins.

Similar to what was observed by Minton et al. (2011) in
Sarawak waters (Borneo), the occurrence of mother-calf
pairs in Penang’s study site suggests that reproduction is
taking place and that this particular area is used as a nursing
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Fig. 5. The pattern of movement tracked when the Irrawaddy dolphins were feeding. The actual track is that of the boat following the
dolphins. Some loops have been tagged as an example of what they look like (see inset). The movement was recorded 400 m from Pantai
Kerachut while following a group of dolphins outside the survey path, west Penang.

ground as it has been determined in other sites (Sonntag et
al., 1999) where small cetaceans calves are being observed
year round.

Mean group size of 5 + 0.5 (SE) individuals is comparable
to what has been reported in other Irrawaddy dolphin
populations in Southeast Asia and South Asia. In an earlier
study by Stacey & Hvenegaard (2002) in the Mekong River
of Laos, group sizes ranged from 1-7 with a mean of 3.02.
A high of 17 individuals was recorded which is comparable
to a high of 15 animals recorded in Penang. Similarly, in the
Mekong river, the average group size during the dry season
was 6.8 dolphins + 0.2 (SE) and during the wet season was
5.7 dolphins + 0.4 (SE) (Beasley, 2007). Although average
group size was highest in February and lowest in March
there is not enough evidence to back up the assumption
that group size is affected by the time of the year. Group
size could change by the availability of prey with animals
spreading out in smaller groups when resources are scarce
to reduce intraspecific competition for food, and aggregating
when resources are abundant (Parra et al., 2011).

Behavioural observations made between 1000 and 1400 hours
were similar to those in Negros Occidental in the Philippines
(de la Paz, 2012), where the levels of activity of Irrawaddy
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dolphins were higher in the morning and decreased during the
day. The dolphins were mainly observed between 1000 and
1400 hours, but after 1200 hours the sightings became fewer.
However this is not conclusive for this study as activity after
1400 hours was not consistently recorded. The dolphins were
easier to see before noon, which suggests that the detection
could be better during morning hours if further research is
carried out in the area with a standardised survey effort. In
other areas such as the Mekong river and Negros Occidental
(Philippines), the levels of activity of Irrawaddy dolphins
seem to be higher early morning and decreases during the
day as well (Stacey & Hvenegaard, 2002; de la Paz, 2012).
The main activity of feeding in Penang was distinctive due
to the circular movements to apparently herd the prey and
included previously described observations of animals spitting
water or throwing fish as a strategy to disorient the prey
or as a sign of social interactions (Stacey & Hvenegaard,
2002). The observance of the groups moving around in
large circles in search of prey over several kilometres has
not been documented before in currently available literature.

As observed during this study, the behaviour of pausing before
diving when individuals are feeding was also described by
Jaaman (2006), including the loud puffing sounds produced
when breathing. Leaps are uncommon in this species, but
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it seems to be displayed in the presence of disturbances or
when the individuals are travelling against strong currents
(Beasley, 2007; Smith, 2009). Socialising has been described
as aggregations of several individuals in a herding type of
behaviour (Jaaman, 2006; Beasley, 2007; Sutaria, 2009; de
la Paz, 2012) which coincide with this research observations,
it also has shown to have a positive correlation with feeding
presumably as part of the cooperation strategy (Kamaruzzan
etal., 2011). Indeed, feeding was the predominant behaviour,
and similar to what was observed by Sutaria (2009), and
the area where these dolphins are foraging appears a critical
habitat for their survival.

These results are the first description of a population of
Irrawaddy dolphins in Penang Island and the west of
Peninsular Malaysia. It remains unclear if this is an open
or a closed population probably because the sampling effort
was not enough to determine it, and maybe because the
distribution of the population is much wider than the study
area. These dolphins inhabit an area that remains relatively
less developed as compared with the east of Penang Island.
We have observed that reproduction, nursing and feeding are
evident here, therefore this is an area of importance for this
endangered species requiring management actions.

The relatively small size of the population is of concern,
considering annual birth rates of Irrawaddy dolphins in other
areas such as Chilika Lake and the Mekong River of one
calf per year and one calf every three years, respectively
(Beasley, 2007; Sarkar, 2011), and the threats observed
in Penang such as fishing nets, high-speed boats and the
rivers’ polluted waters, which are similar to those in the
forenamed areas.

The resulting information of this study represents the baseline
to conduct further research on the range and dynamics of the
population, including more detailed behavioural observations,
measuring the levels of interaction with fishing activities and
impact of water pollution. Also, in comparison with other
areas where populations have been depleted mainly due to
the interaction with fishing gears (Beasley et al., 2013) and
assuming by how easy it is to detect the individuals that the
population is in a good condition, the results herein serve as
evidence to follow precautionary principles (United Nations,
1992) such as the development of a management plan through
a participative process involving fishing communities to
avoid potentially serious or irreversible harm to this or
any other population of cetaceans occurring in the island
(Rodriguez-Vargas, 2015).

Considering the aforementioned threats, conservation
measures should target minimising the interaction with
fishing nets, assessing the impacts of the interaction with
boats, and studying the levels of pollution. Some of the
specific activities in the action plan could include developing
a protocol for annual biological monitoring to establish
mortality rates using the catalogue of individuals identified in
this research, determining the viability of the population, and
studying the impact of human activities such as boat traffic
and fishing. Establishing a co-managed marine protected
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area and the implementation of good practices through a
community-based monitoring network in the island is also
recommended (Rodriguez-Vargas, 2015). This would include
training in the release of live animals caught in fishing gears,
and reports of stranding (dead or alive) based on the positive
and collaborative response of the community to this type
of research (Rodriguez-Vargas, 2015) which was of great
importance to conclude this study.
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SUPPLEMENTARY MATERIAL

Description of behavioural states for coastal cetacean dolphins based on Shane et al. (1986), Karczmarski et al. (1999), Parra
(2006), and consistent personal observations.

Feeding — Swimming slowly making circles around a specific area. All individuals display a characteristic movement starting
with momentary pause before showing a vertical submersion usually exposing the tail, and long dives. Individuals are seen
going different directions or making circles as groups, and re-surfacing is unpredictable. In one occasion one individual was
observed spitting water, and another one was seen flapping a fish up using its tail.

Travelling — Groups swimming relatively fast, in the same direction. Individuals show short dives and predictable re-surfacing.
Full body and half body leaping was observed in a few occasions .

Milling — Slow swimming around the same area, with smooth and short dives and long surfacing. No evidence of vertical
diving.

Socialising — Group swimming slow within a small area, keeping the cohesion, rubbing against and on each other. Individuals
rolling on their ventral axis exposing ventral area and pectoral fins. Superficial dives and frequent breaths.

Undetermined — An individual was only sighted for a very short instance, which didn’t allow enough time to determine the
behaviour.
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