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On the Distribution, Behaviour and Seasonal Variation of Irrawaddy
Dolphins (Orcaella brevirostri$ in the Kep Archipelago, Cambodia

Sarah E. TubB§ Emma Keeh Amy L. Jone$& Rachana Thdap

Abstract. Irrawaddy dolphins@rcaella brevirostri$ are a globally Endangered cetacean species found in rivers,

lakes, estuaries, and coastal waters across Southeast Asia. Whilst much attention has concentrated on understanding
freshwater populations of the species, marine populations have received less research attention, with the majority

of marine studies focusing on determining abundance and distribution. As part of The Cambodian Marine Mammal
Conservation Project, the current study utilises a combination of year-long land and boat survey techniques to
LGHQWLI\ VHDVRQDO FULWLFDO KDELWDWYV IRU WKH VSHFLHV LQ &DPERGLLEL
on the species’ behavioural ecology, to contribute to the design of effective and tailored regional conservation

strategies. Results showed Irrawaddy dolphins to be present in the Kep Archipelago in all seasons, with the highest
encounter rates in Summer Monsoon (May—September) and Post-Monsoon (October—November) seasons, and the

lowest encounter rates in Pre-Monsoon season (March—April). Juveniles were present in all seasons, suggesting

the region represents an important nursing ground for the population. Foraging was the most commonly observed
EHKDYLRXU ZLWK VLJQL¢,{FDQW DVVRFLDWLRQV IRXQG EHWZHHQ FHUWDL(
VHDVRQV JURXS VL]HV DQG MXYHQLOH SUHVHQFH DQG VZLP VW\OHV DQG

Key words. Irrawaddy dolphin, critical habitat, behaviour, distribution, seasonality

INTRODUCTION Irrawaddy dolphins@rcaella brevirostriy are an Endangered

species of small cetacean, found in fragmented populations

To effectively manage a cetacean population for the purposeacross Southeast Asia (Perrin et al., 1995; 1996; 2005;

of conservation, it is vital to understand the behavioural Hines et al., 2015a; 2015b; Minton et al., 2017; Mahmud et

ecology of the target species, as well as the distribution of D O 7KH VSHFLHV LV XQLTXH LQ

the population’s critical habitats (Lusseau & Higham, 2004; marine and freshwater environments, with marine populations

7D\ORU HW DO % XFKKRO] AtENXfFBUBMDIV shatdvPrie& h&Ge waters, associated with

$VKH HW DO +R\W % U myvétiHeVinputm»i@r et al., 2002; Smith, 2009; Minton et

Critical habitats can be defined as specific geographic D O 7KHLU GLHW FRQVLVWYV RI

locations containing features essential for important life stagesand cephalopods, with some variation across populations

of a threatened species, such as regions used for foragingBaird & Mounsouphom, 1997; Stacey & Leatherwood,

nursing, resting, or breeding, hence they are important for the -DFNVRQ 5LFNHWWYV HW DO

conservation of the species (U.S. Fish & Wildlife Service, VSHFLHY DUH ¢(VKHULHV E\FDWFK DQG

1973). As seasonality can affect the distribution and kindof DUH LQWHQVL¢{¢HG E\ WKHLU SURJ[LPLW

usage of critical habitats (Wauters & Dhondt, 1992; HansonSmith & Jefferson, 2002; Reeves et al., 2003; Smith et al.,

& Defran, 1993; Northridge et al., 1995; Beasley, 2007; 2004; Kannan et al., 2005; Perrin et al., 2005; Smith et al.,

6DUJHDQW HW DO OLOOHU %DOW]-DDPDHNNW\D ®DV HW3IHWHU HW D(

DO DQ XQGHUVWDQGLQJ RI SRSXODWLRQ VSHFL¢F VHDVRQDOLW\

is also required to design successful conservation strategiel recent years, a growing number of studies have focussed

(Ross et al., 2011; Hoyt, 2012). on marine populations of Irrawaddy dolphins. Whilst a small
number of studies report behavioural observations (Minton et
al., 2013; Ponnampalam et al., 2013), the majority of studies
DGGUHVV DEXQGDQFH DQG GLVWULE
Minton et al., 2011; Tongnunui et al., 2011; Ponnampalam,
2012; Teoh et al., 2013; Hines et al., 2015b), leaving large

Accepted by: Peter A. Todd knowledge gaps on the species’ behavioural ecology and
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Fig. 1. A, the eastern coast of the Gulf of Thailand, showing the Cambodian coastal provinces and neighbouring Thai and Viethamese
Provinces; B, the study area, showing the waters of Kep and Kampot province, as well as the islands of the Kep Archipelago.

LGHQWL{HG WKH SUHVHQFH RI D SR 8xXO(BiyV2)RKurReys, Wettz@ndusted o6 & co18/&rted pair
in Cambodia’s Kep Province (Tubbs et al., 2019). As parttrawling boat with a 200HP inboard engine and a viewing
of CMMCP’s ongoing work, the current study uses year- SODWIRUP P DERYH VHD OHYHO 7|
long data to identify seasonal critical habitats for Irrawaddy speed of 4 knots, with boat tracklines recorded using a
GROSKLQV DV ZHOO DV (00O NQRZOGHGNHGA:IEEY. O sWiwikydrsBndié PrEde XMWimg@ach
ecology of the species, in order to contribute towards effectiveVXUYH\ WKUHH REVHUYHUV VERBDQHG W
and tailored regional conservation strategies. binoculars in search of cetaceans while two observers were
on rest shifts. Observers rotated roles every 10 minutes to
avoid fatigue effects.
MATERIAL AND METHODS
Land surveys.Between the 2 October 2017 and 14 September
Study area.Cambodia’s Kep Archipelago is situated in the ODQG VXUYH\V WRRN SODFH DYl
coastal waters of Kep Province (Fig. 1). The archipelagoisPRQWK “ 6 IURP D VSHFL¢{;HG REVHUY
comprised of 13 islands, stretching from the coastline to 13above sea level, with views of the study area (Fig. 1). Surveys
km offshore. The waters are shallow, not surpassing depthsasted for a minimum of three hours during a Beaufort Sea
of 12 m, and support fringing coral reef, mangrove, and VWDWH "~ JRXU VXUYH\RUV ZHUH SUH\
seagrass habitats. The region receives riverine input fromWZR REVHUYHUV V F BR4Q BudhiBeWikdduid D Z L W
two sources, Kampot river to the north-west and Giangwhile two observers were on rest shifts. Observers rotated
river in Vietham to the east. In addition, the archipelago roles every 15 minutes to avoid fatigue effects.
is situated within a Marine Fisheries Management Area
(Cambodia’s equivalent of a Marine Protected Area; Ministry Data collection. For both survey techniques, a cetacean
Rl $JULFXOWXUH )RUHVWU\ DQG )LVEKUBIRXSVZDV GHMHAKODYVIDD MVHW RI LQGL
Important Marine Mammal Area (Marine Mammal Protected behavior over a period of several minutes, derived from
Area Taskforce, 2019). &RQQRU HW DO TV GH¢{QLWLRQ F
cetacean group sighting, a group number was assigned,
Boat surveys Between the 5 October 2017 and 6 September WLPH UHFRUGHG DQG ¢(YH PLQXWH LQ
ERDW VXUYH\ GD\V ZHUH XQQHMIWONMR HY WRH .HS WR UHFRUG
Archipelago (average of 2.5 surveys days/month + SDSUHVHQFH RI MXYHQLOHYV ZLWK MXYF
6XUYH\ GD\V ODVWHG IRU EHW ZWHKIHQL W KKUHH DEHMK DWH RORXDNY VWDWH
GXULQJ D %HDXIRUW 6HD VWDWH 7" nunidea® iR Altndadn RLQ7A; Fable/2Y, Bhe Srebidency and
determined tracklines. Track one followed a circular route W\SH RI EHKDYLRXUDO HYHQWV GHygC
to pass all islands of the Kep Archipelago, whilst tracktwo PRYHPHQWYVY WKDW FRXOG EH XQDPELJX
was determined by logistical constraints and travelled eastE\ / XV V HD X 7TDEOH DQG VZLP VW
from Koh [=Island] Ach Seh towards Kampot province and spatial structure and formation pattern of the group, derived
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IURP $NND\D %DV HW DO fV G HeaQwaw/dpi @to foud Be@ddns as f@llkkws, based on rainfall
EHKDYLRXUDO VWDWHY DQG VZLP Vrdseartch\coodd Sed Hetie@ 2@ @ arttl[ RODSX T $ujLmotd
list of all possible Irrawaddy dolphin states and swim styles, HW D O 3RVW ORQVRRQ 2FWREHL

adapted from those used by Lusseau (2003, 2006), ParréDecember — February), Pre-Monsoon (March — April), and

(2006), and Akkaya-Bas et al. (2017). Whereas the eventSummer Monsoon (May — September). Encounter rates for

used were only a selection of possible events, adapted frorfand and boat surveys were calculated separately, based on

Lusseau (2003) and Akkaya-Bas et al. (2017). Groups werghe total number of hours on effort searching for dolphins

followed until they were either no longer visible oruntila DQG WKH QXPEHU RI JURXSYVY VHHQ V

QHIJDWLYH UHDFWLRQ WR WKH UH Vaddledted Kot bippdftbindtizdyhtingsl KLELWHG E\

the group for over 10 minutes, characterised by the groups

swimming away from the vessel. During boat surveys, Critical habitat maps for each season and each behaviour

additional data on the distance of the group from theobserved were produced from dolphin sighting locations

research vessel and the angle of the group from north werattained during boat surveys. To produce maps, dolphin

also collected at each sampling interval, with the researchgroup coordinates were calculated using the GPS location

vessel aiming to keep a minimum distance of 30 m from of the research vessel, the angle of the dolphins from north,

the dolphin group. and the distance of the dolphins from the research vessel.
'ROSKLQ ORFDWLRQV ZHUH XSORDG'!

Opportunistic sightings. Between October 2017 and ArcGIS™ and subsequently transformed into line data. Line

6HSWHPEHU WKH UHVHDUFK Wdath Rerd Hoed (6 pr&luéeernBl KlergskyKmaps, weighted

Seh (Fig. 1). If dolphins were sighted opportunistically E\ JURXS VL]H 7KH RXWSXW FHOO VL]

(off-effort) from the island, or during boat trips between search radius set to 750. Kernel density was chosen as it is

the island and the mainland, the same data were collectedonsidered a common tool to estimate ecological distribution

as described above. 6LOYHUPDAQ :RUWRQ +DVWLH
et al., 2016).

Data processing and analysisBoat survey tracks were

WUDQVIHUUHG WR *RRJOH (DUWK H[8talisiiFalvahay s Rvad Lchidé&i\oRtl W R [FEudio (vBr&dh

X S ORD G HGro®I&™ o Uighal display. To investigate  1.1463, RStudio Team, 2015). Observations from on-effort

the seasonality of behavioural ecology and distribution, thesurveys and opportunistic sightings were included in the
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7TDEOH (WKRJUDP GH¢QLQJ EHKDYLRXUDO VWDWHY EHKDYLRXUDO HYHQWYVY DQG )\
3bUuUD DQG $NND\D %Dd HW DO

Behavioural State

Surface-Feeding (SU-FE) Individuals show active, rapid directional changes just under the surface. Splashes may be present.

Diving (DV) Individuals disappear from surface for between 30 seconds and several minutes. Individuals show no
obvious progressional movement and resurface within 100 m from where they disappeared.

Travel-Diving (TR-DV) Individuals disappear from surface for between 30 seconds and several minutes. Individuals make
progressional movement, reappear at distance from their starting location.

Travelling (TR) Individuals move with a constant speed in a certain direction, with a diving interval of 3-5 seconds.
Travel-Fast (TR-F) Individuals swim rapidly through the surface of the water, rarely disappearing under the surface.
Socialising (SOC) Individuals show various interactive behaviours and create body contact with each other.

Resting (RE) Individuals are drifting at the surface, disappearing and reappearing in the same location.

Milling (MI) The group shows no net movement, individuals are surfacing facing different directions, the group often

changes direction. Dive intervals are variable but short.

Behavioural event

Breaching (BR) Individual leaps partly out of the water and lets its body slap the water surface as it falls.

Tail Slap (TS) ,QGLYLGXDO VODSV LWV AXNH RQ WKH ZDWHU VXUIDFH

Fluke Up (FU) ,QGLYLGXDO UDLVHV RQO\ LWV WDLO AXNH DERYH WKH ZDWHU VX!
Spy Hopping (SH) Individual raises only its head above the water surface.

Full Leap (FL) Individual leaps its complete body above the water surface.

Belly Up (BU) Individual turns upside down with the ventral side facing up.

Swim style

Front (FR) Individuals swim in a line, side by side. The line can be straight or offset.

Line (LI) Individuals swim in a line, head to tail. The line can be straight or offset.

Cluster (CL) Individuals are clustered with no directional movement.

Spread (SP) The group is spread out, individuals do not swim close to each other.

Team (TE) The group is split up into smaller independent teams.

Kettle (KE) Individuals are clustered at the surface and water appears to be boiling like a kettle. Splashes may be present.
Circular Diving (CD) Individuals create a circular formation by appearing in turns at the surface after each other.

Alone (AL) One single individual is present.

statistical analysis, with the boat and land data kept separat€9); Post-Monsoon (1), Dry Season (2), Pre-Monsoon (3),
*URXS VL]HV ZHUH FOXVWHUHG LQWiRneDWénsddR . HY WKHQ DVVLJIJQHG
numbers for analysis (presented in brackets): Small, 1-3

LQGLYLGXDOV OHGLXP £ LQGLYAl @xdveke testedQrGofmality Hy visually checking
individuals (3). Behavioural states were grouped for analysisKkLVWRJUDPV GRWFKDUWY TTQRUP DQ
and assigned numbers: Diving and Surface-Feeding werdy statistically testing using the Shapiro Wilks test. None of
grouped as Foraging behaviour (1), Travelling, Travel-Diving WKH GDWD ZHUH QRUPDOO\ GLVWULEXYV
and Travel-Fast became Travelling (2), while Socialising (3), ORGHO */0 ZDV XVHG WR WHVW IRU VWI
Milling (4), Resting (5) and Undetermined (0) were grouped associations between variables. All variables were treated
separately. Behavioural events, swim styles, and seasonas Gaussian family. Multiple four-way models were tested

were assigned respectively as follows: Fluke Up (1), Tal FRPSDULQJ EHKDYLRXUDO VWDWH EHKI
Slap (2), Breaching (3), Full Leap (4), Spy Hopping (5), and swim style, with the Akaike’s Information Criteria

Belly Up (6); Alone (1), Varied (2), Cluster (3), Spread (4), (AIC) values checked on outcome. Depending on the order
/LQH JURQW THDPV . HW WrOwich the &arididfes @é&rdJerterédH ivto the R code, the
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Table 2. Irrawaddy dolphin encounter rates over each season, from land and boat surveys.

Total time spent surveying Encounter rate per hour on

Season (hh:mm:ss) Total number groups seen effort
Boat

Pre-Monsoon 5:30:00 1

Monsoon 31:24:00 23 0.732

Post-Monsoon 15:57:00 5 0.313

Dry 21:50:00 11 0.504
Total 74:41:00 40 F
Average F F 0.433
Land

Pre-Monsoon 0 0.000

Monsoon 99:44:00 17 0.170

Post-Monsoon 30:50:00 6 0.195

Dry 4 0.069
Total 223:54:00 27 F
Average F F

model with the lowest AIC score was chosen as the besfrable 3. P-values from generalised linear models comparing
ILW %RDW */0 IRUPXOD %RDW *UIRdxpendent verables (Repaviouglztate Monsoon Season, Juvenile

Style*Boat$Event*Boat$State)AIC=306.49; Land, 3UHVHQFH WR H[SODQDWRU\ YDULDEOHYV
*JO IRUPXOD /DQG *URXS 6L9GWP BlgRLFPRPT FRGHYL w1 p

6W\OH /DQG 6WDWH /DQG (YHQW $.,& ORQVRRQ
season and juvenile presence were individually compared Behavioural State Land Boat
in separate models with behavioural state, swim style, and Behavioural event 0.0117 0.229
JURXS VL]H Swim style 0.423
*URXS VLI]H 0.992 0.274
RESULTS Monsoon season Land Boat
o ) Behavioural state 0.441 0.105
Sightings and encounter ratesDuring 29 boat survey days *URXS VL]H 0.0060T 0.073
(74 hours 41 minutes), 40 groups of Irrawaddy dolphins were j,yenile presence 0.669
VLIKWHG ZLWK DQ DYHUDJH JURXS _
VL]H ODUJHVW JURXS VLI]H ' X Udugenile pregerse) G v heody H\ G D\ vBoat
(233 hours 54 minutes), 27 groups of Irrawaddy dolphins pgenavioural state 0.203

ZHUH VLJKWHG ZLWK DQ DYHUDJHGgJiMEXS VLIH dbbios VPDOOHV-W
JURXS VL]H ODUJHVW JURXS VL]H «yr&kKURXHK DopRPELQDWLRQ

of land and boat surveys, as well as opportunistic sightings;
Irrawaddy dolphins were sighted in all four seasons. No other

cetacean species were sighted during surveys. Distribution and critical habitat preferences. Using data
from boat observations, there were 65 accounts of Foraging
Average encounter rates for land and boat surveys, aF HKDY LR X U DFFRXQWYV RI 7UDYHOOI

well as seasonal encounter rates, are presented in Table 3.accounts of Socialising, and 1 account of Milling. Using
The average Irrawaddy dolphin encounter rate during boaijata from land observations, there were 43 accounts of
surveys, over all seasons, was 0.433 groups per hour onRUDJLQJ EHKDYLRXU DFFRXQWV RI
effort, with the highest encounter rate observed in Summelof Resting, and 5 accounts of Socialising.
Monsoon season (0.732 groups per hour on effort), and the
ORZHVW REVHUYHG LQ 3UH ORQVRRR P6H-MYEEdIn seasony th& Kigh¥stF-orHging densities
hour on effort). During land surveys, the average Irrawaddywere observed during boat surveys, within a 2 km range
HQFRXQWHU UDWH RYHU DOO VHDVEgG@Y c&idd islands dihieXarcMipSidhl! KoR Xddl, Koh
on effort, with the highest encounter rate observed in PostPoh, and Koh Makprang (Fig. 3). In Dry season, the highest
Monsoon season (0.195 groups per hour on effort), closely=oraging density was observed further south, near Koh
followed by Summer Monsoon season (0.17 groups per houpnkrong, as well as between Koh Thal and Koh Poh, with
on effort), with the lowest encounter rate in Pre-Monsoon GHQVLW\ GLVWULEXWLRQ VWUHWFKLQ
season (0.00 groups per hour on effort). the archipelago (Fig. 3). Density maps could not be produced

for Foraging behaviour in Pre-Monsoon season due to a lack
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Fig. 3. Kernel densities of Irrawaddy dolphin Foraging behaviour in the Kep and Kampot region in Post-Monsoon (A), Dry (B), Pre-
Monsoon (C), and Summer Monsoon (D) seasons.

of observations. In Summer Monsoon season, the highesbf Alone, Varied, Cluster, Spread, Line, Front, Team, and
Foraging densities were found in the southern and centraKettle were observed, however no Circular Diving was
archipelago, in the nearshore waters of Koh Ach Seh andREVHUYHG 6PDOO OHGLXP DQG /DU
Koh Ankrong, as well as ca. 5 km east of Koh Makprang observed. Using data from boat surveys, there was no
(Fig. 3). VLIQL,;FDQW DVVRFLDWLRQ REVHUYHG
EHKDYLRXUDO HYHQWYV VZLP VW\OHV
In Post-Monsoon season, the highest Travelling densitybehavioural state—behavioural event p=0.229; behavioural
was observed between Koh Tbal and Koh Poh, in the VWDWHxzVZLP VW\OH S EHKDYLR X
central archipelago (Fig. 4). In Dry season, the highest S 1XOO GHYLDQFH RQ GHJI
Travelling densities were observed east of Koh Tbal andFig. 5; Table 3), suggesting any variation occurred by chance.
Koh Poh, as well as in the southern archipelago, near KohNVhen dolphins were Resting, no behavioural events were
Ankrong (Fig. 4). Density maps could not be produced for seen. Clustered swim styles were only observed when the
Travelling behaviour in Pre-Monsoon season due to a lackdolphins were Milling (Fig. 5). During Milling and Resting
of observations. In Summer Monsoon season, Travellingbehaviours, groups were most commonly of Medium or Large
was seen in the southern archipelago, north of Koh AchVL]HV ZLWK JURXSV RI DOO VL]HV REV}
Seh and Koh Ankrong, as well as ca. 10 km west of the
archipelago (Fig. 4). Based on boat survey data, juvenile presence could be
H[SODLQHG E\ VZLP VW\OH */0 S
Due to the low amounts of data on Resting and Socialising, RQ GHJUHHV RI IUHHGRP EXW
maps were not produced for these behaviours, as they would/ WDWH */0 S 1XOO GHYLDQFH
not have been representative. Rl TJUHHGRP RU JURXS VL]H */0 S
51.577 on 141 degrees of freedom; Table 3), with juveniles
Behavioural ecology.All behavioural states (Foraging, most commonly seen during Varied, Spread, Team, and
Travelling, Socialising, Milling, and Resting) were observed Kettle swim styles.
during boat surveys. Behavioural events of Fluke Up, Tall
Slap, Breaching, Full Leap, and Spy Hopping were recordedDuring land surveys, behavioural states of Foraging,
however, no Belly Up events were recorded. Swim stylesTravelling, Socialising, and Resting were observed, however
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Fig. 4. Kernel densities of Irrawaddy dolphin Travelling behaviour in the Kep and Kampot region in Post-Monsoon (A), Dry (B), Pre-
Monsoon (C), and Summer Monsoon (D) seasons.

no Milling behaviour was observed. Behavioural events of ' XULQJ ODQG VXUYH\V VZLP VW\OH
Fluke Up, Tail Slap, Breaching, Full Leap, and Spy Hopping variation in juvenile presence (GLM, p=0.00106, Null
were recorded, however no Belly Up events were recordeddeviance: 94.625 on 23 degrees of freedom), with juveniles
Swim styles of Alone, Varied, Cluster, Spread, Line, Front, most commonly seen during Cluster, Spread, and Line swim
Team, and Kettle were observed, but no Circular Diving VW\OHV *URXS VL]H DOVR LQAXHQFH
ZDV REVHUYHG 6PDOO OHGLXP DQj@&ehiebdost ikdlRXI® sédn|inl Medutlaktl Large groups
observed. Using data from land surveys, the likelihood (GLM, p=0.0116, Null deviance: 20.776 on 75 degrees of
of seeing certain behavioural events could be statisticalylUHHGRP +RZHYHU EHKDYLRXUDO VW
H[SODLQHG E\ WKH SUHVHQFH Rl FHUM[BIO® EQ KIDY\L R R U D D WIWRIWHY MXOY HQLO
p=0.0117, Null deviance: 33.105 on 75 degrees of freedom).
Fluke Up, Tail Slap, Breaching, Full Leap, and Spy Hopping Seasonality Based on observations from boat surveys, there
events were observed during Foraging behaviours (Fig.ZDV QR YDULDWLRQ LQ EHKDYLRXUDO
6). The only behavioural event observed with Traveling VHDVRQ ZLWK DOO EHKDYLRXUV DQG .
and Resting behaviour was Fluke Up, and the only eventdikelihood of occurrence in all seasons (GLM; behavioural
observed with Socialising behaviour were Fluke Up and Tal VW DWH S 1XOO GHYLDQFH
60DS )LJ 7KH YDULDWLRQ LQ VAUMNGROHYURQKS VURKXSSVL]HV1IXOO GH®
REVHUYHG FRXOG QRW EH VWDWLVWLHDLHHVHRS ODHRERBPE\) EHKDYDERUDO
VWDWH */0 VWDWHxVZLP VW\OH REVHUYMW® W@ DIQWUR XS DNLR®YV H[FHSW I
p=0.992; Null deviance: 33.105 on 75 degrees of freedom;not observed in Pre-Monsoon season (Fig. 7). Post-Monsoon
Table 1), suggesting all variation had occurred by chanceseason was the only season with all behaviours observed.
however when the dolphins were observed Socialising,
they were never in a Clustered or Varied swim style (Fig. Based on observations from land surveys, no variation

1R /DUJH JURXS VL]HV ZHUH REVid behBM®u@IXdthte® Jvab RiFske D« lwith @ehson (GLM,
or Resting Behaviours, but during Foraging and Travelling S 1XOO GHYLDQFH RQ GH.
EHKDYLRXUV DOO JURXS VL]HV ZHU HalReEd). HFaragh gbeZalvidd KwaD ab3etvetlUrRaXl Seasons.
VLIHV EHLQJ WKH OHDVW FRPPRQ )hDry season, Foraging was the only behaviour observed,
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)LJ %R[SORWYV \AK BehhvipuraZ BverfK(FU,

Fluke Up; TS, Tail Slap; BR, Breaching; FL, Full Leap; SH, Spy

Hopping); B, Swim Styles (KE, Kettle; TE, Team; FR, Front; LI,

Line; SP, Spread; CL, Cluster; VA, Varied; AL, Alone); aid

*URXS 6L]HV 6PDOO OHGLXP /I DUJH ZHUH VHHQ ZLWK FHUWDLQ
Behavioural States (RE, Resting; MI, Milling; SOC, Socialising;

TR, Travelling; FOR, Foraging). All data shown from boat survey

observations.

with one outlying occurrence of Socialising behaviour. In

Summer Monsoon season, no Milling or Resting behaviours

were observed. In Post-Monsoon season, all behaviours were J %RISOR Vi Bﬁlf AT EGREK(FU
REVHUYHG )LJ 6HDVRQ FRXOG}_E% Di_[éTausEﬁp;B | @@*ﬁj‘ﬁ L'SSH,S’py

eaching; EL Leap;
JURXS VL]HV */0 S 1X00 G im Styles ( ettle; TE, Team; FR, Front; LI,

GHJUHHV RI ITUHHGRP 7DEOH [lpgbﬁg?%p}éécﬁ (Y,L,SCI\L(slfe];H/X, \éll'l-é&'] WL, Alone); a@d

only observed from land surveys in Post-Monsoon seasonxyR XS 6L]HV 6PDOO OHGLXP /DUJH 7
ZLWK 'U\ VHDVRQ VXSSRUWLQJ P Retviduid Gthte&sRREY Rdstihg MI, Ring:SSWC, Socialising;
and Summer Monsoon supporting more Small groups (Fig.TR, Travelling; FOR, Foraging). All data shown from land survey
3RVW ORQVRRQ VHDVRQ ZDV WoksevapoisO\ VHDVRQ ZLWK DOO
behaviours observed.
DQG IRU 6DUDZDN $ SRSXODWLRQ
6HDVRQ FRXOG QRW H[SODLQ WKH&\@DULDWLI@LQ Vf'HQZLDQ/ M%W—bq_b(p'lé IR L
presence (GLM, boat, p=0.669, Null deviance: 53.034 on 144S$éju'aﬂon using DISTANCE sampliﬁ. The differences in
GHJUHHV RI IUH H G_R P ) ODQG S o%r@er%lfég V@ the Malaysi Qopulation and Kep’s
79 degrees of freedom), with juveniles present year-round.g R s x ODW L R Q DQG HVWLPDWHG SRSXO
population could suggest that there is a higher abundance
of Irrawaddy dolphins in Kep. This difference could also be
DISCUSSION H[SODLQHG E\ GLIIHUHQFHV LQ ,UUDZDC

) , . the study sites. An investigation into population ranges of
Species occurrence and seasonalitirrawaddy dolphins Kep's population is therefore suggested.

were sighted in the Kep Archipelago in all seasons,

suggesting the population are year-round residents. Th@yegicated boat and land surveys revealed the lowest
average encounter rate during boat-based surveys was 0.433,cnter rates were observed in Pre-Monsoon season (0.00
groups per hour on effort searching (Table 2). Minton et roups per hour on effort; 0.00 groups per hour on effort;
al. (2011; 2013) conducted boat surveys for cetaceans a?'able 2), suggesting this is a regional “low-season” for

four Malaysian sites, presenting Irawaddy encounter ratespe species. The highest encounter rates were observed in
R IRU . XFKLQJ IRU GLPLODMDDX |RqU OLUL

144



RAFFLES BULLETIN OF ZOOLOG2020

)LJ %R[SORWYV YAKBRRaLiQuialBkates (RE, Resting;

MI, Milling; SOC, Socialising; TR, Travelling; FOR, Foraging); )LJ %R[SORWYV WKBRRaLiQuialBtates (RE, Resting;

andB *URXS 6L]HV 6PDOO OHGLXP Ml /MilingHSOZ HogirlisingHI®R, T@velling; FOR, Foraging);

each monsoon season based upon boat survey observational dagdB  *URXS 6L]HV 6PDOO OHGLXP /
each monsoon season based upon land survey observational data.

Summer Monsoon season for boat surveys and Post-Monsoon

season for land surveys (Table 2). Seasonal differences i [SHFWHG WR EH WKH VHDVRQ ZLWK V
distribution have been reported for the freshwater populationdue to the lag-time of the low amounts of rainfall during Dry

of Irrawaddy dolphins in the Mekong river (Beasley, 2007), Season. As freshwater discharge varies seasonally, so does
however where the seasonality of marine populations havdeémperature and the associated turbidity and salinity levels, as
been studied, such as those in Sarawak, Malaysia, no seasondHOO DV SUH\ GLVWULEXWLRQ 4XLxRC
variation has been observed (Minton et al., 2013). MintonHoude, 2003; Lloret et al., 2004; Smith et al., 2004; Smith et

et al. (2013)’s Sarawak study did, however, use differental., 2006; Coscarella et al., 2010; Minton et al., 2013; Palmer
seasons (March to May, June to August, September té&t al., 2014; Wang et al., 2016). For other species of small
November) from the current study, which could account FRDVWDO FHWDFHDQ VXFK DV WKH ,QC
for these differences. Discrepancies between land and bodf Xiamen Bay, China, it is hypothesised that distributional
HQFRXQWHU UDWHYV GXULQJ WKH F X stanassthipyghogt thersgasans pie 1glpeed 19 1coanassen
the study areas of the land and boat surveys comparativelyPrey availability (Wang et al., 2016). Here, smaller groups

The boat surveys covered the northern, central, and southerd'® seen further from the coast in the wet season, when prey
sections of the archipelago, whereas land surveys only@'® more dispersed, and aggregated closer to the coast in
covered the south-east and east portion of the archipelag8€ dry season when resources are more concentrated (Wang
(Fig. 1). Thus, highlighting a limitation of our land surveys, €t al., 2016). Differences in seasonality could therefore be

in that data collected is only representative of a portion ofatributed to prey distribution. Squid, which have seasonal
the Kep Archipelago. variability in abundance due to their mating and spawning
cycles (Nabhitabhata et al., 2005), have been shown to be a

7KH VHDVRQDO YDULDWLRQ LQ HQ F FexQradip(ey gneeies for the iwawaddy dolphis Gtaaend 6
by variations in freshwater input due to seasonal variationg®rnold, 1999; Minton et al., 2011; Ponnampalam et al., 2013).

in rainfall. Marine populations of Irrawaddy dolphins reside $ ¢ QDO VXJJHVWHG H[SODQDWLRQ IR
FORVH WR ULYHU PRXWKV 6PLWK Hf@epipwater temperainres FoHfpwaddy dolphins (Smith
ODKPXG HW DO ZKLFK FRXOG i@ 2g0pvasiwell gspestle Ipkirsg(\¢grmeulen et
lower salinity waters. Fury & Harrison (2011) carried out a @l-» 2015) and Commerson’s dolphins (Coscarella et al.,
study testing the effects of water quality on dolphin occupancy2010)1 seasonal movements were found to be associated with
RI HVWXDULHV DQG IRXQG WKDW Qviies temperatarr Eherpfprg.dtyg guggesigd that gagsonal
season, equivalent to Summer Monsoon season in the curreM@ter temperatures of the Kep and Kampot regions should
study, dolphins moved further away from the river mouths, be researched.

Pre-Monsoon had the lowest encounter rates and could be
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Critical habitats and seasonality.Data collected during  be due to the waters being deep (> 200 m), meaning slaps
this study suggests that the Kep Archipelago represents Z RXOG QRW EH HI¢(¢FLHQW DW VWXQQ
critical habitat for a population of coastal Irrawaddy dolphins. VW X G\ RQ WKH *XLDQD GROSKLQV RI ,C
Juveniles were present throughout all seasons, suggestingthé KRZHG WKDW WDLO RXW GLYHV HTXL
region acts as a critical nursing ground. Protecting nursingFluke Up) were mostly observed during feeding, signifying
grounds is pertinent to the conservation of small cetaceanshe capturing of demersal prey in a shallow sandy/muddy
as young life stages are particularly vulnerable to speciesottom (Tardin et al., 2014). The tail-out dives, or Fluke
threats (Ross et al., 2011). Up events, indicate that the dolphins may spend longer
underwater, increasing their chances of catching demersal
Behavioural maps suggest the region is used as a foragingrey (Tardin et al., 2014). The waters of Kep and Kampot
and travelling ground, with habitats changing locations DUH VKDOORZ ZLWK D VDQG\ PXGG\ ER\
marginally with season (Figs. 3, 4). The increased southerlywhy Fluke-up and Tail Slap events were associated with
distribution of Foraging behaviour in the Summer Monsoon Foraging in the current study.
VHDVRQ FRXOG EH DWWULEXWHG WR AXFWXDWLQJ IUHVKZDWHU LQSXW
DQG DVVRFLDWHG VDOLQLW\ OHYlad\survey XMafal re\rdleld thbijuvd2@les were more
meaning that when there is increased freshwater input, theF RPPRQO\ IRXQG LQ OHGLXP DQG /DUJH
GROSKLQV H[SDQG WKHLU GLVWULBEPWDORQIURXE HUHRIWEKRIH KHEOO GH
looking at behavioural distribution maps, it is important to GHJUHHV RI IUHHGRP 7KLV PD\ EH GX
consider that the locations of the two behaviours were ofterproviding juveniles with increased protection and learning
RYHUODSSLQJ 7KLV FRXOG EH HI[S Omparrtiti€s, Bs\wéll ak hroviding @akeldpb G tirittiesGor calf
to the data collection methods through the research vesselssistance (Cliff & Dudley, 1992; Vermeulen et al., 2015).
altering the dolphin’s behaviour. Vessel reactions have been
shown to occur in other populations of Irrawaddy dolphins & RQVHU Y D W L R QThisLsiu@y- pré&vial€s riportant
in Malaysia and Indonesia (Kreb & Rahadi, 2004; Hashim initial information on the behavioural ecology, critical
& Jaaman, 2011). habitats, and seasonality of Irrawaddy dolphins in Cambodia’s
.HS $UFKLSHODJR ,W LV DOVR WKH ¢
Socialising behaviour was rarely observed during the currenfprovide insight into the relationships between behavioural
study. For this reason, neither a breeding season, nor atates and behavioural events for Irrawaddy dolphins. Given
breeding habitat could be determined. However, land datahe species’ conservation status and the threats present in
VKRZHG WKDW /DUJH JURXS VL]HV I Keg AthipeRgol the/étiddy highlights ad Rrgemt need to
Monsoon season (GLM, p=0.00601; Null deviance: 32.947 protect regional important habitats for the species (Thompson
RQ GHJUHHV RI IUHHGRP ZLWK et 2600;) DorRXe aV, 2DBRY SRithWeHI@fferson, 2002;
associated with socialising behaviour for small cetaceanReeves et al., 2003; Smith et al., 2004; Kannan et al., 2005;
VSHFLHV LQFOXGLQJ ,UUDZDGG\ GRMHVKIL@VHWHDA L HW6PQWK HW DO
$JHYHGR HW DO 4XLFN -D QL NRoss et al3 RQQ P& bt@INO R0O16; Minton et al., 2017,
HW DO $NND\D %DV HW DO Tubbs et al., in press). To support the development of such
protection, it is highly recommended that additional research
Behavioural ecology.Although links between certain be carried out to: (i) produce rigorous abundance estimates
behavioural states, behavioural events, swim styles, andor the population; and (ii) utilise social science techniques
JURXS VL]HV ZHUH REVHUYHG RtQudderstdthd)ihg Dimépsikhs1ddtbrddtt. R Q VKL SV
SURYHG VLJQL,{FDQW )RXU RI WKH ¢YH UHODWLRQVKLSY WKDW SURYHG
VLIQL{¢FDQW ZHUH IURP ODQG VXUY Ras&ahrD will wWork/ecldsSBIK vtk g @& ernbebt o dis,
of land surveys using more passive observation methods¢, VKLQJ FRPPXQLWLHY DQG UHOHYDQ
than boat surveys. findings of seasonal distribution to the development
of appropriate conservation measures for the regional
The current study reports that by using data collected frompopulation. Additionally, the authors recommend long-
land surveys, certain behavioural events were found to beéerm monitoring in the study region to detect changes in
linked to certain states. Foraging was found to be associatedG LVWULEXWLRQ RYHU WLPH DV ZHOO I
with the most events. The events presented included FlukeWR GH¢{QH WKH IXOO H[WHQW RI WKH S
Up, with it likely that this behaviour was used to give the as the study site is located near the Cambodian-Vietnamese
GROSKLQV H[WUD IRUFH RQ D GLYH BdrdéwegioX,\cullddapéation betwerQgGieidti3ts @om both
60DSV ZKLFK ZHUH OLNHO\ XVHG DcWuriries bs\ ratdiintehddKid deteriliXeQmeveéndent and
or communicate with other members of the group (Connorhabitat use across borders.
et al., 2000). Lusseau (2006) carried out a similar study
on bottlenose dolphins in New Zealand’s Doubtful Sound,
UHSRUWLQJ WKDW pWDLO RXW GLYHVY DQG PMCENONVBERDGEMENTIEYHVY HTXLYDOF
WR RXU GH{QLWLRQ RI )OXNH 8S ZHUH DVVRFLDWHG ZLWK GLYLQJ
HTXLYDOHQW WR RXU GH¢ QLWLR QWR wvouRI UkB td th@nk MaHne Donsegr/Xtidn Cambddi@, The
slaps were not found to be associated with diving in theHeinrich Boll Foundation, and the International Conservation
Doubtful Sound, however it was suggested that this couldFund of Canada for funding the research. We would also like
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WR H[SUHVV WKDQNV WR WKH &DPER &RDED YINOKOHDULH V38 G PR [PL ¥ W UDLWHVER ($
particularly Vibol Ouk, Phay Somany, and Chheng Touch, seasonal variation in the relative abundance of Commerson’s
for support throughout. Finally, we would like to thankfully dolphin (Cephalorynchus commersonii) in northern Patagonia,
acknowledge all Marine Conservation Cambodia volunteers SUJHQWLQD -RXUQDO RI (WKRORJ\

who assisted with data collection, and Douglas Bender for>0'a" MLL, Perrin WF, Gaudiano JP, Yaptinchay AAS & Tan JML
. . (2002) Preliminary report on a small estuarine population of
reviewing the manuscript.

Irrawaddy dolphins (Orcaella brevirostris) in the Philippines.
5DIAHV %XOOHWLQ RI =RRORJ\ 6XSSOHF
)XU\ &$ +DUULVRQ 3/ ,PSDFW RI ARR
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