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ABSTRACT

A geographically isolated population of Irrawaddy dolphins was recently discovered in Malampaya Sound, Palawan, Philippines.
Line-transect surveys conducted in April-November 2001 covered 884km of tracklinein the entire Sound and resulted in atotal population
estimate of 77 individuals (CV = 27.4%), confined to the inner portion (133.7km?). For all Irrawaddy dolphin sightings, where ecological
data were collected (n=48), the mean temperature was 30.2°C, depth 6.5m, salinity 28.3ppt and turbidity 2.2NTUs. Significantly higher
turbidity, lower salinity and shallower depth were recorded in the inner Sound compared to adjacent waters. Bottlenose dolphins Tursiops
sp. (probably truncatus) were observed in waters just outside of where Irrawaddy dolphins were recorded. During the study, at least two
Irrawaddy dolphins were accidentally killed in bottom-set nylon gillnets used to catch crabs, locally called matang quatro. Reports from
local fishermen aso indicated that as many as three additional animals may have been killed in these nets during the same period. These
findings strongly suggest that the Irrawaddy dolphin population in Malampaya Sound is in immediate danger of extirpation due to low
numbers, limited range and high mortality. Thisisthe only known population of the species in the Philippines and the nearest known other
population is in northern Borneo, some 550km to the south. Recommendations for conserving the population include that: (1)
socioeconomic alternatives be developed to promote the conservation goal of reducing the incidence of dolphin entanglement in matang
quatro gillnets; (2) gillnet free zones be established in core areas of dolphin distribution; (3) Irrawaddy dolphins be promoted as a flagship
species of environmental health in the Sound; (4) a long-term programme be established to monitor the dolphin population; and (5)
additional investigations be conducted to determine if Irrawaddy dolphins occur in other areas of the Philippines.
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INTRODUCTION

Irrawaddy dolphins (Orcaella brevirostris) are among the
cetaceans at greatest risk of population extirpation and
perhaps species extinction. They are patchily distributed in
shallow, nearshore tropical and subtropical marine waters of
the Indo-Pacific, from northeastern Australia in the south,
north to the Philippines (Dolar et al., 2002) and west to
northeastern India (Stacey and Leatherwood, 1997; Stacey
and Arnold, 1999). Their marine distribution is concentrated
in estuaries and semi-enclosed water bodies (i.e. bays and
sounds), generally adjacent to mangrove forests. Freshwater
populations occur in three river systems: the Mahakam of
Indonesia; the Ayeyarwady (formerly Irrawaddy) of
Myanmar (formerly Burma); and the Mekong of Laos,
Cambodia and Vietnam. Irrawaddy dolphins also occur in
partially isolated brackish or fresh-water bodies, including
Chilka Lake in India and Songkhla Lake in Thailand.

Littleinformation is available on the range-wide status of
Irrawaddy dolphins. Recent surveys indicate declinesin the
range and abundance of the Mekong and Mahakam
freshwater populations (Smith and Jefferson, 2002). The
latter was classified as Critically Endangered in the 2000
IUCN Red List (Hilton-Taylor, 2000) after surveys recorded
only afew tens of dolphins, confined to a 152km segment in
the middle reaches of the river (Kreb, 2000).

Interest in Irrawaddy dolphins of Malampaya Sound can
be attributed to the fact that it is the only known population
of the species in the Philippines and because threats from

accidental killing in fishing gear, habitat degradation (both
in the estuary and surrounding watershed), and possible prey
depletion from over-fishing and the destruction of fish
spawning grounds are prevalent and expected to increase
(Dolar et al., 2002). The species was first documented as
occurring in Malampaya Sound during an investigation of
dugongs (Dugong dugon) in 1986 (Kataoka et al., 1995).
Thefirst dedicated cetacean survey of the area, conducted in
June-July 1999, recorded 17 sightings during 230 linear km
of search effort and calculated a mean encounter rate of 7.4
dolphins/100km (SE=2.9) and mean group size of 5.3
dolphins (SE=1.1; Dolar et al., 2002). All sightings were
made in shallow waters (76% |less than 6m deep) of theinner
Sound.

Malampaya Sound was proclaimed a protected area in
June 2000 (National Integrated Protected Areas Programme
(NIPAP), 2000). The Sound encompasses approximately
230km?, divided into inner and outer portions by 13 rocky
isands (Fig. 1). Maximum depth is about 16m in the inner
Sound and 46m in the outer Sound. The surrounding
landscape is characterised by high hills, with altitudes
ranging from 100-500m, and dominated by the 1,013m tall
Mt Capoas on the western side. Steep topography and a
highly indented shoreline contour, with many small and
large bays, coves and inlets create complex wind patterns
that vary greatly according to area, season and time of day
(due to convection forces). Seasonal climate is largely
determined by the southwest monsoon rains, with the wettest
months in July-September. Freshwater inflows come from
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Fig. 1. Map of Malampaya Sound showing tracklines for dol phin surveys conducted during April-November 2001.

numerous rivers draining into theinner Sound and extensive
mangroves dominate the shore in this area. Fishing is the
principal source of income and employment, with at least
5,000 fishermen dependent on at least 60 commercialy
valuable species. However, fish production within the Sound
is believed to have declined dramatically in recent years
(NIPAP, 2000).

MATERIALS AND METHODS

Line-transect surveys

Line-transect surveys were conducted from April to
November 2001 to assess the abundance and distribution of
Irrawaddy dolphins. During the surveys, three observers
stood watch at all times, one stationed on each of the port and
starboard sides, searching with handheld binoculars (Fujinon
7x50 with an internal compass) and naked eye from the
beam to about 10° past the bow, and one in the centre
searching by naked eye, except to focus on visual cues (e.g.
splashes), in about a20° conein front of the bow. The centre
observer also served as the data recorder. Five observers
rotated through these positions approximately every 30
minutes or at the end of transect line endpoints, giving each

observer about an hour of rest for every 90-minute period
spent actively searching for dolphins (i.e. on-effort). The
vessel crew and resting observers were instructed to keep
dolphin sightings a secret until the on-effort observers saw
them, or the entire dolphin group passed well behind the
vessel beam. When this happened, the sighting was
classified as off-effort and not included in the line-transect
analysis. The survey vessdl was a 10.3m double outrigger,
with abeam of 2.3m on main hull, and equipped with a 40hp
four-cylinder diesel motor. The eye-height of the centre
observer was about 3.8m above the waterline, while the eye
heights of the port and starboard observers were about 3.2m
above the waterline. A Global Positioning System (GPS)
was used to determine position, speed, course and the
distance covered along the trackline. These data, along with
Beaufort sea state and the presence or absence of fog and/or
rain, were recorded on a standardised effort log. Dataentries
were made after al observer rotations and any substantial
change in vessel course or sighting conditions.

The transect lines were designed to systematically search
the entire Sound according to the most unbiased route (i.e.
one that avoids following environmental contours; Fig. 1).
The transect line was divided into legs, which generally
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followed a ladder-like grid, with the primary or longer legs
normally running east to west across the Sound, ending
about 1km from shore, and spaced 2km apart. Connecting
doglegs were oriented as close as possible to perpendicular
in orientation to the primary legs. Extension legs were added
to some endpoints (and occasionally in the middle of longer
legs) so that waterswithin baysand behind islands could also
be visually searched. Extension legs were followed to the
end while on-effort but line-transect data were not collected
during thereturn trip. The 2km spacing between the primary
legs was based on prior experience with the sighting
characteristics of Irrawaddy dolphins (see Smith et al., 1997,
Smith and Hobbs, 2002), published accounts of their
generaly cryptic surfacing behaviour (see Moérzer Bruyns,
1966; Stacey and Arnold, 1999) and distance estimates made
during practice surveys, which indicated that the dolphins
would probably not be observed at a distance greater than
1,000m during Beaufort 3 sea state conditions.

There was some unavoidable compromisein the trackline
design since the doglegs did indeed follow shoreline
contours, but this potential bias was balanced by the need to
search areas hidden within the numerous small bays and
inlets that could not be searched from the primary or
extension legs. Nevertheless, potential sighting biases along
the dogleg lines were evauated by examining possible
clumping in dolphin distribution close to the shoreline and
by comparing encounter rates recorded along the dogleg
lines versus those along the primary and extension lines.

Vessel speed was maintained at 8-10km h~1. Survey
effort was generally stopped when sea state conditions
became greater than Beaufort 3, or when rain or fog affected
ability to detect dolphin surfacings at a distance of less than
1km. The decision to suspend survey effort when sea state
conditions were greater than Beaufort 3 was made after
considering the generally cryptic surfacing behaviour of
Irrawaddy dolphins, the strong spatial heterogeneity of wind
patterns in the Sound and the improbability of making a
sufficient number of sightings in Beaufort 4 conditions or
greater to alow stratification according to sea state. Simply
deleting the survey effort conducted while sighting
conditions were poor from the line-transect analysis, as done
by Jefferson et al. (2002) for estimating the abundance of
finless porpoises (a cetacean that exhibits somewhat similar
inconspicuous surfacing behaviour), could have resultedin a
severely biased abundance estimate. Spatial coverage would
have been uneven (especialy near Mt Capoas where
convection winds often created poor survey conditions),
while dolphin distribution within the Sound may have been
clumped. When the sea state exceeded Beaufort 3 along one
transect line, acceptable conditions were sometimes found
aong another line located in the lee of the wind. The vessel
returned to the earlier line when the wind abated.

The protocol for suspending survey effort when sea state
conditions were greater than Beaufort 3 was unavoidably
violated due to poor weather during the three August
surveys, but a single composite survey was put together post
hoc from transect lines covered in good conditions. Effort
from the first August survey was mostly used, but transect
lines surveyed in Beaufort 4 conditions during this survey
were substituted with those that were surveyed in Beaufort 3
or less conditions during the second or third surveys,
whichever one was completed first.

The survey programme was designed to obtain coverage
during the pre-monsoon, monsoon (southwest) and
post-monsoon seasons. Considering that previous studies
had only observed Irrawaddy dol phinsin the inner portion of
the Sound (south of the P15-P16 transect line; Fig. 1) and the

importance of maximising the number sightings to ensure a
reasonably precise abundance estimate, the survey protocol
was established to cover the entire Sound (ca 154 linear km)
during the first survey of each season. Then during
subsequent surveys of that season, if no sightings were made
north of the P15-P16 transect line, searching would only
occur along transect lines of the inner portion and a 4km
wide buffer strip extending to the north (ca 101 linear km,
inclusive of transect lines P16-P17-P18-P19 and
E15-P19-P20-E16; Fig. 1).

When a dolphin group was sighted, information was
recorded on a standardised sighting form that included
entries for geographic position, time of sighting, Beaufort
sea state and estimated distance and relative angle from the
bow to the dolphin group. Distances were estimated by eye
(seebelow for detail s on training exercisesto reduce distance
estimation biases) and relative angles were determined from
the difference between the vessel course (as measured by the
GPS in magnetic degrees) and the bearing to the dolphin
group (as measured by the internal compass in the
binoculars). The recorder also occasionally checked the
vessel bearing according to theinternal compassin handheld
binoculars to ensure that there were no major discrepancies
between the two readings. Survey effort was then suspended
and the vessel turned towards the dolphins to obtain a more
accurate estimate of group size and to take photographs of
individuals for identification purposes (see below). After
finishing these tasks, the vessel returned off-effort (i.e. while
not actively searching for new dolphins) to the position
where it left the trackline; movements of the sighted dolphin
group weretracked during thistimeto avoid double counting
the animals when search effort was resumed.

For oceanic line-transect surveys of cetaceans, sighting
distances are generally estimated using the number of
binocular reticlesfrom the animal cluster to the horizon (e.g.
see Kinzey and Gerrodette, 2001). Because the horizon was
not visible in the Sound, this technique could not be used.
Following the example of Jefferson and L eatherwood (1997)
and Jefferson et al. (2002), a laser range finder (Bushnell
Yardage Pro 1000) was used in training observers to more
accurately estimate sighting distances by eye and to
investigate potential distance estimation biases. Although a
laser range finder cannot obtain a reading from a surfacing
dolphin, training exercises were conducted using other
objects on the water, such as fishing gear, boats and buoys.
One observer estimated the distance to an object while
another simultaneously recorded the actual distance with the
laser range finder. The results were kept secret until after 20
trials, when the information was shared so that observers
could improve the accuracy of their future estimates. These
exercises were periodically conducted for al observers
throughout the survey programme.

Dolphin density (D) and its associated coefficient of
variation (CV) were estimated using the program
DISTANCE 3.5 and according to the line-transect formulain
Buckland et al. (1993):

b M nd CF = \/vér ), V0] vir [E6)
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)

“

wheren = number of on-effort sightings; f(0) = probability
density value at zero perpendicular distance; E(s) =
unbiased estimate of group size; L = length of transect lines
surveyed; and var = variance. Abundance (N) was then
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calculated from the density estimate (D) according to: N =
D* A where A = size of the survey area. Data from all
surveys were pooled to estimate f(0). This value was then
used to cal culate abundance estimates stratified according to
pre-monsoon, monsoon and post-monsoon seasons and a
composite estimate for all three seasons combined. All other
parameters and their associated variances were estimated
empirically.

The Distance program plotted histograms of sighting
distances and comparisons were made of the Akake's
Information Criterion (AIC) for uniform, hazard-rate and
half-normal models to determine which one most closely fit
the empirical data. Various levels of truncation for dolphin
groups sighted at distances far from the trackline were
experimented with and the level that resulted in the best fit
with the theoretical model was chosen. One of the primary
assumptions of line-transect theory is that al objects have
the same probability of detection at the same distance. Since
this assumption is violated when surveying species that
occur in clusters (because large clusters have a higher
probability of being detected far from the trackline in
comparison to smaller ones), a size bias correction was used
for E(s), calculated from the log of estimated group sizes
regressed against the detection probability estimated from
thefit of the selected model to the pooled data (see Buckland
et al., 1993).

Dive and surface time study
A major assumption of line transect theory isthat all animals
are observed on the trackline (i.e. g(0) = 1; see Buckland et
al., 1993). Thisassumption is often violated when surveying
cetaceans because the animals may be submerged or behave
cryptically when they are within the observers’ field of view,
or the observers’ attention may be directed elsewhere. This
potential bias was investigated using radia sighting
distances recorded during the surveys and group dive and
surface times collected from land-based observation sites.
Four land-based observation sites were chosen
(Malampaya Sound Protected Area Office (PAO), Agpay,
Logpond, and Pancol; see Fig. 2), based on the criteria that
they overlooked a variety of habitat types where dolphins
were frequently found. Two observers searched for dolphins
from these sites (not concurrent with the vessel surveys), one
with binoculars and the other by naked eye, aternating every
10 minutes to reduce fatigue. Once a dolphin group was
sighted, using a stopwatch, observers recorded group dive
and surface times. Groups were defined as any cluster of
dolphins observed in apparent association, moving in the
same direction and often, but not always, engaged in the
same activity. Dive times were defined as the interval when
no animals were visible at the surface for longer than one
second, while surface times were defined as the interval in
between.

Photo-identification
In addition to conducting line-transect surveys, the
feasibility of using photo-identification for assessing the
Malampaya Irrawaddy dolphin population was investigated.
When lighting conditions were adequate and the animals
were within a reasonable range of the vessel (e.g. <25m)
photographs were taken of the dorsal fin and flukes with a
Canon EOS-5 QD camera, equipped with a Canon EF
100-400mm F4.5-5.6 lens and image stabiliser. Ektachrome
Elite 100 ASA colour dlide film was used.

In photo-identification studies, dolphins are typically
identified from nicks, scars, scratches, deformities and
pigmentation features located on or in the region of the

dorsal fin (e.g. Wirsig and Jefferson, 1990). However,
during preliminary surveys some of these features were also
observed on the flukes, which sometimes became visible
when the dol phins made steep inclined dives while foraging.
Since the dorsal fins often appeared to have few marks that
would allow individualsto beidentified, attempts were made
to photograph and use distinguishing features on the flukes
for identification purposes.

Photographs were classified as poor (dolphin either not in
view or the image not of sufficient quality for identifiable
features to be discerned if they were present), moderate
(dorsal fin or flukes could be seen clearly and, if present,
obvious diagnostic features would probably be discerned)
and good (dorsal fin or flukes could be seen and, if present,
subtle diagnostic features would probably be discerned).
Moderate and good slides were then classified according to
the presence of recognisable distinguishing marks: absent
(no features available for identification), fair (sufficient
marks discerned for probable identification) and excellent
(marks could be easlly distinguished for reliable
identification).

Ecology

During line transect surveys, information was collected on
water surface temperature (with a standard laboratory
thermometer), salinity (with an Atago Hand Refractometer),
turbidity (with aHanna HI 93703 Microprocessor Turbidity
Meter) and depth (with a Speedtech Hand-held 400 KHs
depth sounder) at al leg endpoints and at the locationswhere
dolphins occurred. Samples were taken at leg endpoints due
to convenience (as these generally corresponded with our
observer rotations). It is recognised that this may have
caused a small bias toward nearshore conditions. Factorial
ANOVAs were used to investigate the effect of area (inner
and outer Sound) and season (pre-monsoon, monsoon and
post-monsoon) on temperature, salinity, depth and turbidity.
A similar factoria design was aso used to test for
differences among the ecologica samples collected at
transect line waypoints in the inner Sound and those
collected at the locations of dolphin sightings.

RESULTS

Distribution and abundance

During three surveys of the entire Malampaya Sound (total
area 230.7km?), one each in the pre-monsoon, monsoon and
post-monsoon seasons, Irrawaddy dolphins were observed
only in the inner portion (total area 133.7km? Fig. 2).
Sightings of the species were confined to the same area
during the other four surveys (two each during the
pre-monsoon and post-monsoon seasons), which included
search effort in the inner Sound and buffer zone (24.0km?)
only. Altogether 50 Irrawaddy dolphin sightings were
recorded during survey effort used for the line-transect
analysis (mean group size=5.3, SD =2.9, range= 1-15). Six
sightings were made of bottlenose dolphins Tursiops sp.
(probably truncatus; mean group size=5.1, SD=3.2,
range=1-9), 2 and 4 in the monsoon and post-monsoon
seasons respectively. All werein the outer Sound and buffer
zone, with the exception of one that was in the far northern
portion of the inner Sound.

Based on seven complete surveys of the inner Sound
conducted during the pre-monsoon, monsoon and
post-monsoon seasons, covering a total of 578.1km of
trackline, the overall abundance of Irrawaddy dolphins was
estimated, using a Fourier series uniform + cosine model
(see Burnham et al., 1980), to be 77 individuas
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(CV =27.4%). This figure was similar to the seasonally
stratified estimates (67, CV =38.6%; 78, CV =78.1% and
81, CV=3L7% for premonsoon, monsoon and
post-monsoon seasons, respectively, and well within their
95% confidence intervals, Table 1). There were no
significant differences among the stratified estimates
(Chi-sguare Prob=0.5149).
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Fig. 2. Map of Malampaya Sound showing the locations of Irrawaddy
and bottlenose dolphin sightings and land-based observation sites.

Photo-identification

A total of 524 dorsal fin photographs of Irrawaddy dolphins
were taken during 29 encounters. Overall photographic
quality was low, with 91.0% classified as poor, 5.3% as
moderate and 3.7% as good. The large number of poor
photographs resulted from the dolphins being too far away,
or theimage being out of focus. Of the 44 good and moderate
quality photographs, 38.6% had no distinguishing marks,
11.4% were classified as fair and 50.0% as excellent. From
the fair and excellent photographs, 17 Irrawaddy dolphins
wereidentified. Two of these (OBREO3 and OBREOQ5) were

re-identified once each during the study. In addition, 27 fluke
photographs were taken. Photographic quality was similarly
low, with 81.5% classified as poor, 11.1% as moderate and
7.4% as good. Two of these had fair distinguishing marks
and three excellent, resulting in identifications of four
individuals. No re-identifications were made from fluke
photographs.

Ecology
For all Irrawaddy dolphin sightingsin which ecological data
were collected (n=48) the mean surface temperature was
30.2°C (SD =1.3, range=27.0-32.5), depth 6.5m (SD = 3.1,
range=1.5-15.1), sdlinity 28.3ppt (SD=4.7, range=
14.0-34.0) and turbidity 2.2 nephelometric turbidity units,
NTUs (SD=2.2, range=0-9.6). These values were not
significantly different from those collected at transect line
waypoints in the inner Sound (DF=247), athough
temperature was almost significant at Prob. =0.0848, with
dightly lower temperatures recorded at the survey
waypoints. There were significant differences, however, in
the ecological data collected in the inner Sound during
different seasons for temperature (F = 28.83, Prob. = 0.0000;
Tukey-Kramer Multiple-Comparison (TKMC) Prob. <0.05
for Apr=Aug, Apr=0Oct/Nov, Apr = Aug and Oct/Nov) and
sdlinity (F=21.70, Prob.=0.000; TKMC Prob.<0.05 for
Apr and Aug = Oct/Nov, Apr =Aug and Oct/Nov) (Table 2,
Fig. 3).

For the five bottlenose dol phin sightings where ecol ogical
data were collected, the mean temperature was 29.7°C

(SD=0.3; range=29-30.0), depth 23.9m (SD=7.0;
range=14.4-31.7), sdinity 30.6ppt (SD=1.5; range=
29.0-32.0) and turbidity 0.2NTUs (SD=0.2; range=

0-0.5).

For surveys of the entire Sound (one each during April,
August and October), there were significant differences
(DF =158) between ecological data collected in the inner
and outer Sound (the latter inclusive of the buffer zone) for
depth (F=164.54, Prob.=0.0000), sdinity (F=19.27,
Prob.=0.0000) and turbidity (F=21.53, Prob.=0.0000),
with depth and salinity greater in the outer Sound and
turbidity greater in the inner Sound. There were also (Table
2, Fig. 3) significant differences among seasons (DF =2,
153) for temperature (F=4.29, P=0.0154, TKMC
Prob<0.05 for Apr=Aug, Apr=0ct, Apr=Aug and Oct)
and sdinity (F=15.03, P=0.0000; TKMC Prob. <0.05 for
Apr=0ct, Apr=Aug and April and Aug= Oct).

DISCUSSION

Distribution

The absence of Irrawaddy dolphin sightings in the outer
Sound and buffer zone, during this study and others (see
Dolar et al.,, 2002, and unpublished reports of
WWEF-Philippines), and the close agreement among

Table 1

Composite and seasonally stratified abundance estimates of Irrawaddy dolphins in Malampaya Sound from line transect
surveys conducted during April-November 2001 (ESW = effective strip width, S = mean groups size, N LCI and N UCI =
Estimated population size at lower and upper 95% confidence intervals, respectively).

Survey n L(km) ESW S E(s) D %CV NLCI NUCI N
Pre-monsoon (Apr) 11 243.7 2749 527  6.07 0.4983 3857 32 139 67
Monsoon (Aug) 4 78.7 2749 527  6.07 0.5612  78.14 18 311 74
Post-monsoon (Oct/Nov) 14 255.7 274.9 5.27 6.07 0.6045  31.67 44 139 81
Composite for all lines 30 578.1 274.9 527  6.07 0.5730  27.43 45 130 77
Composite for primary 26 480.2 301.1 527 578 0.5209  29.93 39 124 70

and extension lines
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Table 2
Summary of ecological parameters recorded during surveys in the Inner Sound, buffer zone, Outer Sound and for Irrawaddy dolphin sightings (PPT=parts
per thousand, NTU=nephelometric turbidity units). Parameters are only reported for the first August survey due to poor weather conditions that
compromised survey effort during subsequent surveys of the monsoon season.

Temp (°C) Depth (M) Salinity (PPT) Turbidity (NTU)
Survey/sample N Mean SD Min Max Mean SD Min Max Mean SD  Min Max Mean SD Min Max
14-17 Apr
Inner Sound 24 300 14 280 33.0 64 48 0.7 157 31.8 1.3 29.0 34.0 3.7 4.6 0.0 20.7
Buffer zone 5 302 1.1 290 31.0 127 6.0 85 229 314 0.5 31.0 32.0 0.3 0.3 00 0.7
Outer Sound 20 300 1.1 28.0 315 28.0 11.8 9.8 49.1 321 1.3 290 34.0 0.3 0.3 0.0 0.8
Dolphins 3 315 1.8 300 335 60 47 10 104 31.0 3.6 270 34.0 39 3.8 1.2 82
19-20 Apr
Inner Sound 27 314 09 300 33.0 66 46 09 154 313 1.5 270 36.0 3.6 5.0 04 252
Buffer zone 6 303 13 290 320 181 72 9.5 265 327 1.2 31.0 34.0 0.5 0.8 0.1 20
Dolphins 5 31.6 05 310 320 64 27 4l 10.8 31.0 0.7 30.0 32.0 1.5 0.7 0.8 25
22-24 Apr
Inner Sound 29 312 09 285 33.0 62 45 08 153 317 1.8 250 34.0 3.6 3.6 0.0 125
Buffer zone 5 31.1 05 305 320 176 8.1 8.6 25.6 324 0.5 320 33.0 1.1 0.9 0.5 2.6
Dolphins 9 312 0.7 300 325 50 19 23 7.7 320 2.1 270 34.0 2.9 1.9 1.1 6.1
8-11 Aug
Inner Sound 30 293 1.0 27.0 31.0 62 44 13 11.7 29.1 59 5.0 33.0 4.5 8.5 0.3 46.8
Buffer zone 6 292 06 280 295 199 6.5 11.7 27.1 29.8 7.3 15.0 34.0 44 8.9 0.6 22.7
Outer Sound 20 298 09 280 315 30.1 123 10.1 49.7 329 1.3 300 34.0 0.9 0.9 0.1 3.0
Dolphins 8 296 14 270 31.0 7.1 31 21 11.8 30,0 40 21.0 32.0 2.3 3.1 04 92
8-11 Oct
Inner Sound 29 292 1.0 280 31.0 58 45 08 145 274 27 210 31.0 2.9 5.1 0.0 22.6
Buffer zone 6 29.6 14 280 315 174 72 9.1 265 292 0.8 280 30.0 0.1 0.2 0.0 04
Outer Sound 21 297 1.1 275 31.0 269 151 6.1 512 31.0 2.1 250 34.0 0.0 0.0 0.0 0.0
Dolphins 7 296 09 280 305 6.8 29 24 109 283 1.7 26.0 30.0 0.7 0.9 00 19
13-16 Oct
Inner Sound 30.0 286 09 27.0 31.0 63 46 09 1l6.1 248 6.0 3.0 30.0 5.1 127 0.0 68.0
Buffer zone 6.0 29.6 05 29.0 30.0 170 73 92 265 29.7 0.8 29.0 31.0 0.0 0.0 0.0 0.0
Dolphins 80 29.1 08 28.0 300 6.0 32 32 110 25.1 3.5 18.0 29.0 2.2 2.5 0.0 63
6-12 Nov
Inner Sound 21.0 299 1.5 268 33.0 72 45 1.6 148 252 69 8.0 33.0 2.4 4.5 0.0 179
Buffer zone 6.0 294 0.8 285 305 16.6 7.1 85 256 31.8 1.3 30.0 33.0 0.3 0.7 0.0 1.7
Dolphins 80 295 1.1 275 31.0 86 39 39 151 214 3.6 140 25.0 2.6 3.0 0.1 9.6

abundance estimates from surveys conducted during
pre-monsoon, monsoon and post-monsoon seasons, strongly
suggest that the population is resident within the inner
Sound. A plot of al on-effort sightings appears to show a
dight affinity of the animals for shoreline areas (Fig. 2), but
dolphins were also frequently observed in mid-water, often
in close proximity to bukatots (fixed lift nets operating from
a semi-permanent structure made of wood pilings). These
structures probably aggregate fish and therefore may
actually enhance mid-water habitat for the dolphins.

Evaluation of precision and biases of abundance
estimates

An evaluation of the assumption that g(0)=1 (i.e. all
dolphins are detected on the trackline) was conducted using
dive and surface time information from land-based
observations and the radial distance estimates to dolphin
clusters from the survey vessel. A mean dive time of 11.9sec
(n=5,510, SD =18.6, range= 1-259) and mean surface time
of 1.3sec (n=5510, SD =0.7, range= 1-14) were recorded
from 90 dolphin groups at four observation sites. The mean
group size was 4.7 dolphins (SD = 1.9; range = 2-10), which
is close to the mean group size recorded during the
line-transect surveys (5.3; interestingly the same figure was
reported by Dolar et al., 2002) and there was no significant
difference between the two samples (Mann-Whitney Test
Prob. = 0.2876).

According to distance estimation data from the surveys, a
decline in sighting frequencies occurs past 466.7m (Fig. 4).
The mean vessel speed for all seven surveys was 8.8 km/hr
or 2.44 m/sec. Thismeansthat, on average, it took 190.6sec,
to cover the distance where it can be assumed that dolphins
available on the surface would have a high probability of
being detected (otherwise there would have been adeclinein
the sighting rate before this distance). A cumulative
frequency distribution of dive times indicates that, while
surveying along 466.7m of trackline, 99.9% of dolphin
groups would be available for detection at |east once (only
seven dives were recorded longer than 190.6sec.) and, on
average (according to the mean dive time plus the mean
surface time (13.2sec) for a complete dive cycle), during 17
occasions for atotal of 22.1sec on the surface. The dolphins
would also be available for detection during the same
number of surfacings and for the same amount of time while
inside the second 466.7m increment (i.e. between
466.7m-933.4m distance from the vessel) where the
proportion of animals detected was dtill relatively high
(85.7%). Although the behaviour of Irrawaddy dolphins was
relatively inconspicuous, their relatively short surfacing
intervals ensured a very high probability of detection on the
trackline (at least during Beaufort 3 sea state conditions or
less, see below). The short surfacing intervals recorded
during this study should not be extrapolated to Irrawaddy
dolphins in others areas. The results may have been related
to the shalow depth of the inner Sound. Stacey and
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Fig. 3. Plots of means for ecological data collected in the inner and outer sounds (top four plots) and at waypoints and dol phin sightings in the inner

sound only (bottom two plots).

Hvenegaard (2002) recorded much longer dive times for the
species in the Mekong River, Laos (mean=115.3sec,
SD =59.1, n=277), where the mean depth of dolphin habitat
was 18.4m.

Due to the large number of sightings made at
perpendicular distances relatively close (0-200) and far
(401-800m) from the trackline, but lack of sightings at
middle distances (201-400; Fig. 5), a high truncation level
(40%) was necessary to obtain a good fit of the theoretical
model (Fig. 6). Three possibilities can explain these field
results. The first one relates to differences in the ability to
detect the animals according to their behaviour. The
dolphins often behaved in an extremely cryptic manner,
barely breaking the surface with the top of their head. While
exhibiting this behaviour they could generally only be
detected at close distances. During other times, while
feeding and socialising, the animalswere much morevisible,
showing their dorsa fins and flukes and sometimes

splashing. They could then easily be observed from far
distances (especially considering their short group dive
intervals, see above). Another explanation was that
observers alternated between searching with binoculars and
naked eye. The tendency while searching with binoculars
was to emphasise detecting dolphins at far distances, while
observers searching with naked eye were probably unable to
detect dolphins at distances greater than 200m. This may
have resulted in a lack of searching coverage at middle
distances (i.e. >200m and <400m), although this problem
would be expected to have a more profound effect on radial
sighting distances than on perpendicular sighting distances.
A third explanation could have been avoidance behaviour at
far distances and attraction behaviour at close distances.
However, thisis considered unlikely since the dolphinswere
only observed reacting evasively to the survey vessel when
approached quite close (e.g. <25m) to take photographs
(and never when a depth reading was taken with the
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Fig. 6. Detection probability plot for the composite abundance estimate
from al transect lines in the inner Sound.

hand-held 400kHz depth sounder) and they were never
observed to be attracted to the boat, except occasionaly
when the motor stopped and the vessel drifted while not
conducting survey effort. A similar lack of evasive or
attraction behaviour was observed while collecting dive and
surface time data from the land-based observation sites.
Regardless of the factors that contributed to the poor fit of
the theoretical model without substantial truncation, the

level of precision for the composite abundance estimate was
sufficient to determine that the population size is
dangerously small.

The accurate estimation of sighting distancesis one of the
primary assumptions of line-transect theory (Buckland et al .,
1993). A regression of estimated versus measured distances
to objects on the water showed a significant relationship
between the two (F=745.7, Prob.=0.0000, R?=0.7104)
and asmall negative biasamong distances measured >100m
(Fig. 7). If it is assumed that observers estimate distances to
dolphins with the same degree of accuracy asthe objectsthat
were used for the distance estimation experiment, then the
abundance estimate of 77 dolphinsmay haveaslight positive
bias. The distance estimates could have been calibrated to
dolphin clusters recorded during the surveys, but the high
residual variance among the estimated values in the
experiment, and the fact that the measured values were only
on average 4.8% greater than the estimated ones, implied
that the resultant correction factor would probably be
unreliable and the difference negligible. A large portion of
the residual variance and negative bias could be accounted
for by differences in the distance estimation abilities of
individual observers. Perhaps not surprisingly, those
observers who estimated distances most accurately in the
experiment also had the highest sighting rates during the
dolphin surveys. This may partially mitigate the apparent
negative biasindicated in the experiment (which used pooled
data from all observers). It also suggests that calibrations
should be considered for individuals, rather than for the
entire observer group. This was not possible due to small
sample sizes relative to the number of individuals who
participated as observers.

Due to the apparent dight clumping of dolphin sightings
in nearshore areas and the possibility that including dolphins
observed along the dogleg transect lines could positively
bias the resulting abundance estimate, a separate estimate
using only datafrom the primary and extension transect lines
was calculated. While this estimate was slightly lower (65
dolphins, CV =30.1%), the general overlapinitsrange (95%
Cl =36-116) versus the estimate that includes all transect
lines (95% Cl =45-130) and the broad agreement between
overall encounter ratesfor the dogleg lines (0.0725 sightings
km~1; n=7) versus the primary and extension lines (0.0895
sightings km~1; n=43) indicates that including sightings
from the dogleg lineswould not cause asignificant bias. The
similarity in sighting rates, combined with the extreme
shoreline complexity of the Sound, also implied that deleting
sightings made on dogleg lines would unnecessarily reduce
sample size and possibly introduce a dight negative bias,
because substantial areas of dolphin distribution in waters
not visible from the primary or extension lines would be
excluded from the analysis.

To acertain extent, distance sampling can compensate for
animals missed due to poor sighting conditions (Jefferson
and Leatherwood, 1997), however, Beaufort sea state can
severely affect line-transect abundance estimates, especially
with cryptic species; see for example Paka (1996).
Measures were taken to minimise this bias by generaly
suspending survey effort when sea state conditions were
greater than Beaufort 3 or, during the monsoon season,
patching together data from three surveysto achieve asingle
complete survey conducted in Beaufort 3 conditions or less.
In the latter case, due to the strong spatial heterogeneity of
wind patterns (especially affected by convection forces near
Mt Capoas) and the possibility that aclumped distribution of
dolphins within the Sound could lead to a biased abundance
estimate, for the line-transect anaysis it was considered
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important to use only datafrom complete surveys conducted
in Beaufort 3 conditions or less. The wisdom of both of these
measures was reinforced by the fact that no Irrawaddy
dolphin sightings were made during the survey effort
conducted in Beaufort 4 conditions (93.8km in the inner
Sound — only 16.2km of these data were used in the
line-transect analysis). In comparison, the overall encounter
rate for survey effort conducted in Beaufort 3 conditions or
less was 0.0865 sightings km™2. If the detection rate for
survey effort conducted in Beaufort 4 conditions was
comparable, six or seven sightings should have occurred
during the 93.8km of survey effort conducted during these
conditions.

The distribution of survey effort in the inner Sound used
for the abundance estimate was 11.6%, 19.1%, 31.4%,
15.9% and 2.8% for Beaufort sea states of 0-4, respectively.
Although there were insufficient data to stratify abundance
estimates according to sighting conditions, a chi-squared test
showed no significant difference between the actual and
expected number of sightings according to sea state
(Prob.=0.4048, DF=4).
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Fig. 7. Estimated sighting distances to fixed objects versus measured
distances from laser range-finder readings. The solid line fits the
empirical data while the dashed line is theoretica assuming no
bias.

Feasibility of photo-identification

Preliminary indications are that photo-identification is a
feasible research technique for studying Irrawaddy dolphins
in Malampaya Sound (also see Parra and Corkeron, 2001)
but that its application will be labour intensive and fairly
expensive. Problemswith this technique included the lack of
distinguishing marks, cryptic surfacing behaviour and
avoidance of the research vessel by the dolphins upon close
approach. Stacey and Hvenegaard (2002) reported similarly
poor results from photoidentification efforts on Irrawaddy
dolphins in the Mekong River of Laos, out of 629
photographs taken, only 7.5% were of sufficient quality to
distinguish identifiable marks and less than one-quarter of
these exhibited marks that could be used to identify
individuals.

While line-transect surveys proved to be a much more
useful techniqgue for assessing Irrawaddy dolphin
abundance, photo-identification can provide valuable data
on other aspects of the dolphin population that are difficult

(or impossible) to obtain using other methods. Home range,
habitat use and social affiliations can be investigated
according to re-identifications and the frequencies at which
individuals occur in particular locations and in the same
groups (see Wiirsig and Jefferson, 1990 and other papersin
Hammond et al., 1990). Knowledge of these parameters is
important for developing effective strategies to reduce
human-dolphin conflicts and for evaluating the effects of
dolphin kills. For example, the death of a single individual
can have severe negative consequences on the survivability
of other individuals in complex cetacean societies
(especially females with dependent calves), but these issues
are difficult to assess without information on individuals
within the population.

Environmental preferences

Results of the ecological investigation indicate the restricted
environmental preferences of Irrawaddy dolphins in the
Sound, which probably explains their confinement to the
inner portion. Interspecific competition with bottlenose
dolphins occurring in the buffer zone and outer Sound may
aso play arole. Irrawaddy dolphins appear to be particularly
adapted to shallow inshore waters, characterised by
relatively low salinity and high turbidity, in comparison to
areas located closer to open water (i.e. the buffer zone and
outer Sound).

These results reinforce the notion of the population’s
vulnerability to local disturbances. Unlike some other
dolphin species, whose environmental preferences are more
flexible and thereby allow them to occupy a greater range of
habitat (e.g. bottlenose dolphins, see Shane et al., 1986;
WEells and Scott, 2002), Irrawaddy dolphins appear to be
obligatorily adapted to relatively rare and circumscribed
ecological conditions — deep pools of large rivers and
protected nearshore marine environments (including
appended lakes) with substantial freshwater inputs (see
reviews in Stacey and Leatherwood, 1997; Stacey and
Arnold, 1999; Smith and Jefferson, 2002). High sdlinity,
however, does not appear to have direct adverse effects, as
there was no difference between the mean salinity values
recorded for the outer and inner portions of the Sound during
April (when freshwater inputs were particularly low), while
the dolphins still remained confined to the latter area. This
implies that the affinity of the dolphins for low salinity
waters is likely due to ecological preferences (probably
related to prey), rather than to physiological intolerance to
high salinity conditions.

Mortality and population viability

Estimating human-caused mortality of dolphins in the
Malampaya population is an extremely difficult task due to
the sporadic reporting of accidental kills. The situation is
confounded by the value of dolphin carcasses for human
consumption, which ensures that most deaths probably go
unreported, or that reports are received well after the remains
of the animal have been disposed. Between February and
August 2001, two dolphins were confirmed accidentally
killed in bottom-set nylon gillnets used for catching crabs —
locally known as matang quatro nets. Unconfirmed reports
from fishermen indicate that three additiona dolphins may
have been killed in gillnets during this seven-month period.
For small cetaceans, it is generally recommended that yearly
removals should not exceed 1-2% of the overall population
size (Wade, 1998). Using a minimum estimate of two
dolphinskilled per year, considered extremely conservative,
thisworks out to be 2.6% of the population, according to the
best estimate of abundance made during line transect surveys
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(77 dolphins). It has been argued that, when evaluating the
potential effects of mortality on dolphin populations, the
minimum abundance estimate, rather than the best, should be
used for calculating mortality rates (e.g. see Taylor and
Gerrodette, 1993). Using the minimum abundance estimate
(45 dolphins), the yearly mortality rate would then be 4.4%
of the population size. This figure should probably still be
considered low because it considers only the two confirmed
kills made during seven months.

Considering that the small size of the Maampaya
population already meansit is vulnerable to extirpation, due
to demographic stochasticity, inbreeding depression and
catastrophic environmental and epizootic events (see Soulé
and Wilcox, 1980; Gilpin and Soul &, 1986; Lynch, 1996), the
present rate of accidental killing will almost certainly lead to
its extirpation unless immediate action is taken to reduce or
eliminate human-caused deaths.

Conservation

The Irrawaddy dolphin population in Malampayaisthe only
one known of the species in the Philippines and its
extirpation would represent a significant loss of cetacean
diversity in the region. Of paramount importance is to
eliminate, or drastically reduce, dolphin mortality from
entanglement in gillnets. Similar to the situation of the
vaguita, a critically endangered porpoise isolated in the
upper Gulf of California, Mexico (see Rojas-Bracho and
Taylor, 1999; Rosel and Rojas-Bracho, 1999; Taylor and
Rojas-Bracho, 1999), this will require action a a
socio-economic level, as well as assistance from cetacean
and fishery scientists (Reeveset al., 2003). A number of high
priority recommendations relevant to conservation are
discussed below.

(1) Developing socio-economic alter natives to dramatically
reduceor eliminate the incidence of dolphin entanglement in
matang quatro gillnets

The economic status of fishermen in Malampaya Sound is
generally poor (see National Integrated Protected Areas
Programme (NIPAP), 2000), and the matang quatro fishery
for crab provides substantial local employment. This fishery
requires little monetary investment and is therefore an
attractive option for the most economically impoverished of
local fishermen. It would be unacceptable (and probably
counter-productive) to prohibit this fishing technique
without providing alternatives that ensure an equal or greater
income. While more information is needed about the
feasability of alternative employment options and the details
of the matang quatro crab fishery (e.g. number of fishermen
and income generated by thefishery, differencesbetween the
efficiency of traps versus matang quatro nets, market trends
for crabs in the Philippines, etc.), immediate action must be
taken to provide dternative employment if Irrawaddy
dolphins are to be conserved in Malampaya Sound (Reeves
et al., 2003). Alternatives could include developing the
green mussel fishery, improving the efficiency of crab pots,
promoting grow-out pens for groupers and other
economically  valuable fishes and  developing
community-based ecotourism.

(2) Establishing gillnet free zones in core areas of dolphin
distribution

While providing employment daternatives for gillnet
fishermen is clearly the most important first measure that
should be taken, without the ultimate closure of this fishery,
conservation prospects for the dolphins are poor. A likely
scenario is that, as current gillnet fishermen take up other

occupations, immigrants or a new generation of local
villagers, will begin using matang quatro nets again.
Concurrent with promoting employment alternatives should
be regulations prohibiting gillnet use. Thisshould proceed in
a step-wise fashion, starting in areas that are easly
monitored and where the dol phins occur most often. Asmore
gillnet fishermen choose to pursue other forms of
employment, more areas would then become closed. The
success of this approach will depend on the close
cooperation of regulating authorities, conservation
organisations and local fishing communities, and
enforcement to ensure that everyone abides by the same
rules. A major challengewill beto convincelocal peoplethat
gillnet free zones offer benefits to them and thus deserve
their support. Such benefits might include revenues from
nature tourism, permission to use non-destructive fishing
techniques and the fact that protection of fish breeding or
nursery areas can enhance fisheries outside the zone (see
Reeves et al., 2003).

(3) Promoting Irrawaddy dolphins as a flagship species for
environmental stewardship of Malampaya Sound

The presence of Irrawaddy dolphinsisastrong reminder that
judicious stewardship is critical to preserve an environment
that supports abundant and diverse fish and crustacean
communities. Promoting Irrawaddy dolphins as a flagship
species will require strengthening community awareness
programmes, with an emphasis on educating local people on
regulations regarding resource use and on promoting the
linkages between dolphin conservation and sustainable
fisheries.

Resear ch and monitoring

In addition to direct conservations measures, it isimportant
that research is continued, particuarly in terms of monitoring
whether conservation measures are working. Some high
priority recommendations is this regard are discussed
below.

(1) Strengthening the capacity of local scientists

Education and infrastructure development are required so
that local scientists and resource managers can provide the
stimulus and expertise for dolphin conservation. It is
essential that local workers develop the ability to
independently devise, conduct, analyse and effectively
communicate the results of research and monitoring
activities.

(2) Establishing a long-term programme to monitor the
dolphin population

Monitoring abundance, distribution and mortality is critical
for measuring the efficacy of conservation measures.
Line-transect surveys have been shown to be an appropriate
technique for assessing dolphin distribution and abundance
in the Sound. It is important that the standardised survey
protocol developed during the present study be consistently
applied and that effort and observations be painstakingly
documented. The low precision, typical of wildlife studies
investigating small populations, can dramatically affect the
ability to achieve statistical significance with inter-survey
comparisons (Taylor and Gerrodette, 1993). This meansthat
several surveyswill need to be conducted each year and that
an appropriate o probability level should be based on the
conseguences of failing to reject the null hypothesis of no
trend when it isindeed false (see Gerrodette, 1987; 1993) —
probably set at not less than 0.10, considering the small size
of the Ma ampaya population. Monitoring mortality will also
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be essential. Researchers face formidable challengesin this
area because fishermen may be reluctant to report accidental
kills, due to fear of prosecution or future restrictions on
fishing activities. They also have a strong motivation to keep
dolphin carcasses, due to their value as a source of meat.
Scientists should establish a community-based reporting
network to encourage fishermen to report incidental catches
and recover carcasses for examination and necropsy. The
fishermen should be assured that they will not be prosecuted
for reporting accidental kills and a campaign should be
initiated for convincing local villagers to utilise aternative
food sources.

(3) Continuing photo-identification efforts for both
Irrawaddy and bottlenose dolphin in selected areas

As new identifications are made and previously identified
animals are re-identified, the photo-identification catalogue
compiled during this study will become amore valuable tool
for guiding management considerations. Due to the
difficulties of applying this technique to Irrawaddy dolphins
in the Sound, a relatively small area accessible by small
paddieboat should be targeted for emphasis (e.g. nearshore
waters between Old Guinlo and Agpay). This will provide
initial information on habitat use and site fidelity, which can
be followed up by more extensive photo-identification
efforts as the photo-id catalogue is enlarged and as per the
availahility of funds and trained personnel.

(4) Conducting additional investigations to determine if
Irrawaddy dolphins occur in other areas of the Philippines
The small size of the Irrawaddy dolphin population in
Malampaya Sound means that it is extremely vulnerable to
extirpation. The loss of genetic variation in small
populations can result in decreased fecundity and
reproductive success, smaller offspring size, sower growth
rates and reduced survivorship (Ralls et al., 1986). The
prospects for survival of the population would be greatly
enhanced by the mixing of individuals from one or more
other populations, even if this occurred only very
occasionally (assuming that the new immigrants were
adapted to similar environmental conditions; see Lynch,
1996). Both for evaluating the long-term viability of the
Malampaya population and considering the need for
protecting other populations, should the species be found to
occur elsewhere in the Philippines, a concerted effort should
be made to identify other areas in Palawan and adjacent
islands (e.g. in the Calamian Group to the north and Balabac
Island and the Pangutaran Group to the south) where
Irrawaddy dolphins might occur. This investigation should
initially be conducted using interview surveys (see Aragones
et al., 1997) and by selecting potential sites, based on
knowledge of the oceanography, bathymetry and ecological
features where Irrawaddy dolphins are already known to be
present (see above and reviews in Stacey and L eatherwood,
1997; Stacey and Arnold, 1999), with follow-up at-sea
surveys conducted using standardised techniques.

(5) Investigating the population identity of Irrawaddy
dolphins in Malampaya Sound

Wildlife conservation should aim to preserve the full range
of genetic variation within species. The nearest area where
another population of Irrawaddy dolphinsis known to occur
isnorthern Borneo, some 550km to the south. Evidence from
skull morphology suggests that there are probably two
sub-species or species of Orcaella, one occurring in South
and Southeast Asiaand another in Australia and Papua New
Guinea (Beadley et al., 2002). Throughout their range, there

may aso be numerous genetically distinct populations.
Information on the population identity of Irrawaddy
dolphins in Maampaya Sound would be useful for
evaluating the viability and evolutionary significance of the
population (see Dizon et al., 1992). Population identity
should be investigated using both morphologic and genetic
techniques.
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