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Abstract
Monitoring is crucial to ensure that cetacean populations remain healthy due to the threats facing marine ecosystems 
and current knowledge gaps, especially in developing countries. Land-based surveys are a traditional method for moni-
toring cetaceans which are practical when budget, time and other resources are limited. Passive acoustic monitoring 
has recently emerged as another technique for monitoring cetaceans and can be used to detect them without constant 
human presence. We analysed data collected on Irrawaddy dolphins Orcaella brevirostris between August 2018 and 
June 2019 in Kep Province to compare rates of detection by land-based surveys and passive acoustic sampling with a 
continuous porpoise detector (C-POD). We also investigated if the characteristics of dolphin groups sighted (behav-
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ioural events, behavioural states, swim styles, group types and group sizes) aff ected detection rates. Data provided 
by each monitoring method were crossed-referenced to determine if dolphin records were detected by one or both 
methods and found a signifi cant diff erence in their detection rates. With the exception of fl uke-up behavioural events, 
the characteristics of sightings were not correlated with detection rates. The number of observations for fl uke-up events 
was also dependent on the observation method used. We consider the strengths and weaknesses of each method, and 
suggest that a combination of both will be most suitable for monitoring Irradwady dolphins.

Keywords Cetacean, C-POD, Irrawaddy dolphins, Kep Archipelago, land-based survey, passive acoustic 
monitoring, research methods.

Introduction
Population monitoring is required to develop and inform 
appropriate conservation strategies for cetaceans due to 
declines in their population sizes and lack of reliable 
baseline data for developing countries (Aragones et al., 
1997; Smith et al., 2016). Survey goals, site geography, 
human resources, and available budgets, time and equip-
ment must be considered when selecting a monitoring 
method (Aragones et al., 1997). Land-based surveys have 
been found to be one of the most practical methods when 
budgets, time and equipment are limited (Aragones et al., 
1997; Morete et al., 2018). They also have disadvantages 
however, which include observer bias and surveys being 
limited to daylight hours and suitable environmental 
conditions (Evans & Hammond, 2004). 

 The use of passive acoustic monitoring (PAM) devices 
to study delphinids (oceanic dolphins) has increased 
in recent years (Verfuss et al., 2018). One such device, a 
continuous porpoise detector (C-POD; Chelonia Ltd, 
Cornwall, UK) is moored to seabed for the purpose of 
continuously recording the echolocation clicks produced 
by delphinids to navigate their environments and hunt 
prey (Au, 1993; Tyack, 1997; Chelonia Ltd, 2014a). As 
such, C-PODs have been used to monitor and study ceta-
ceans for conservation purposes in variety of ecosystems 
from the arctic to the tropics. For example, they have 
been used to evaluate the status of harbour porpoises in 
Baltic Proper (Gallus et al., 2012), to study the distribu-
tion of beluga whales and killer whales in Cook Inlet, 
Alaska (Lammers et al., 2013), to track vaquita population 
declines in Mexico (Jaramillo-Legorreta et al., 2016), and 
explore the relationship between Burmeister’s porpoise 
and fi shing by-catch in Peru (Clay et al., 2018).  Like other 
acoustic sampling devices however, they have draw-
backs which include a limited detection range (no further 
than 1 km), with detection also confi ned to echolocation 
signals that are directed towards the device.

 Irrawaddy dolphins Orcaella brevirostris are an 
Endangered cetacean species whose populations are 
declining (Minton et al., 2018), largely due to anthropo-
genic threats resulting from bycatch and habitat degra-
dation (Smith & Jeff erson 2002; Reeves et al., 2003; Smith 
et al., 2004; Perrin et al., 2005; Smith et al., 2008; Peter et 
al., 2016). The species is found in lakes, estuaries, shallow 
coastal waters, and large rivers in Southeast Asia (Perrin 
et al., 1995, 1996; Ponnampalam et al., 2013). Marine 
populations of Irrawaddy dolphins in Cambodia have 
received increased research att ention in recent years 
(Beasley & Davidson, 2007; Smith et al., 2016; Tubbs et al., 
2019, 2020). Established in 2017, the Cambodian Marine 
Mammal Conservation Project (CMMCP) is the fi rst long 
term project dedicated to research and conservation of 
marine mammals in the country’s southern Kep Prov-
ince. Through weekly land- and boat-based surveys and 
PAM, the CMMCP has found that Irrawaddy dolphins 
are the only cetacean species present in the area and 
generated information on their distribution, behaviour 
and seasonal variation (Tubbs et al., 2020). Because these 
surveys were undertaken in the same area, this provided 
an opportunity to compare the effi  cacy of land-based 
surveys and acoustic sampling with C-PODs. This was of 
interest because although many studies have used either 
land-based surveys or C-PODs to monitor cetaceans, 
few have employed both methods simultaneously or 
compared their utility to our knowledge. 

 The present paper investigates the relative effi  ciency 
of these methods for detecting Irrawaddy dolphins (here-
after ‘dolphins’) using data collected in Kep Province 
between August 2018 and June 2019. We also investigate 
if the characteristics of dolphin groups sighted (behav-
ioural events, behavioural states, swim styles, group type 
and group size) aff ected the rate of observations by either 
method. As such, we provide a critical analysis of the effi  -
ciency of the two methods, with the view that this may 
be used to facilitate selection of appropriate methods for 
future cetacean research in developing countries. 
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Methods

Study site 

Our study was undertaken in the Kep Archipelago of Kep 
Province, one of the four coastal provinces on Cambodia’s 
435 km long coastline (Fig.  1). The archipelago comprises 
13 islands surrounded by marine waters <12 m in depth 
which include habitats such as coral reefs, seagrass beds 
and mangrove forests. It also includes a Marine Fisheries 
Management Area—Cambodia’s equivalent of a marine 
protected area—and is considered as an important area 
for marine mammals (IUCN-MMPATF, 2020). Our land-
based survey site and acoustic monitoring station were 
located on the east side of the Koh Ach Seh within the 
archipelago (Figs. 1–2).

Land-based surveys

Weekly land-based surveys, each lasting approximately 
three hours, were undertaken by the CMMCP between 
1 August 2018 and 12 June 2019. These took place from 
an east-facing observation platform, 21 m above sea 
level (Fig. 2). During each survey, two surveyors used 
8 x 42 Bushnell binoculars to continuously search for 
dolphin groups, while two additional surveyors rested. 
All surveys were conducted when the Beaufort Sea state 
was ≤ 3. For each dolphin sighting, a group number was 
assigned and the time was recorded. Sightings of dolphins 
that were seperated by >15 minutes were assumed to be 

Fig. 1 Location of A) Kep Province on the coast of Cambodia and B) islands within the Kep Archipelago, including the study 
site (Koh Ach Seh) and Kep Marine Fisheries Management Area (MFMA). From Tubbs & Keen (2019).

 

Fig. 2 Location of the land-based survey and acoustic 
sampling (including C-POD detection range) within the 
southern islands of the Kep Archipelago, Cambodia.



© Centre for Biodiversity Conservation, Phnom Penh

54 Chan R. et al.

Cambodian Journal of Natural History 2020 (2) 51–60

of diff erent groups. Data was then collected on a variety 
of behavioural states, group types, swim styles and 
group sizes for a one-minute period (Table 1). Categories 
and defi nitions for these characteristics followed Lusseau 
(2003, 2006), Parra (2006), Akkaya-Bas et al. (2015) and 
Tubbs et al. (2020).

Acoustic sampling

We deployed a single C-POD approximately 100 m 
east of Koh Ach Seh (10°21’31’’N, 104°19’22’’E; Fig. 2) 
between 1 August 2018 and 12 June 2019 (Table 2). The 

device was moored 3.5 m below the sea surface and 1 
m above the seabed and detected echolocation clicks 
between 20–160 kHz within the 1 km range of the device. 
Information recorded on echolocation clicks was stored 
on a SD card and included frequency, bandwidth, ICI 
(inter-click interval), NCyc (number of cycles), intensity, 
time and date. The sensitivity of the C-POD was adjusted 
to the low sett ing to avoid an excess of background noise 
in recordings, and the limit for records was set to the 
maximum of 4,096 per minute. The device was retrieved 
from the mooring site once each month to remove 
biofouling and replace its batt eries and SD card. 

Table 1 Characteristics of dolphin groups recorded during land-based surveys in the Kep Archipelago, Cambodia.

Behavioural event

Fluke-up Individual raises only its tail fl uke above the water surface.

Behavioural states

Diving 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.

Travelling Individuals move with a constant speed in a certain direction, with a diving interval of 3–5 seconds.

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

Surface-feeding Individuals show active, rapid directional changes just under the surface. Splashes may be present.

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

Group types

Tight Individuals are spread out less than 5 m apart from each other.

Far Individuals are spread out more than 5 m apart from each other.

Mixed Group is a mixture of Tight and Far.

Alone One single individual present.

Swim styles

Line Individuals swim in a line, head to tail. The line can be straight or off set.

Circular-diving Individuals create a circular formation by appearing in turns at the surface after each other.

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

Team The group is split up into smaller independent teams.

Cluster Individuals are clustered with no directional movement.

Front Individuals swim in a line, side by side. The line can be straight or off set.

Kettled Individuals are clustered at the surface and water appears to be boiling. Splashes may be present.

Alone One single individual is present.

Group sizes

Small A group with 1–3 individuals.

Medium A group with 4–8 individuals.

Large A group with more than 9 individuals.
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Data processing & analysis

We used C-POD software and the associated KERNO 
classifi er (Chelonia Ltd, 2014b) to sort our detections into 
four categories: narrow-band high frequency (NBHF), 
which typically represent porpoises; other cetaceans, 
cetacean clicks that were not NBHF; sonar, signals from 

boats; unclassed, distinct from the other classes. These 
were assigned to quality groups (doubtful, low, medium, 
high) and only NBHF and other cetacean clicks of high 
and medium quality were included in analysis. 

 Data from a total of 55 hours and 36 minutes of land-
based surveys undertaken over 22 days were directly 
compared with data generated by the C-POD for the 
same periods (Table 3). As such, data recorded by the 
C-POD outside of the land-based survey periods was 
not included in analysis. Data provided by each method 
were treated as separate samples when calculating their 
detection rates. Rstudio vers. 4.0.3 (R Core Team, 2020) 
was used for all data analysis.

 Each dolphin group sighted during a land-based 
survey was counted as a single observation and the 
timing of each land-based observation was cross-refer-
enced against the C-POD data to determine whether 
the group was also recorded acoustically or not. In anal-
ysis, an observation was counted if it was recorded by 
at least one of the two sampling methods. Data on the 
characteristics of dolphin sightings (behavioural events, 
behavioural states, swim styles, group types and group 
sizes) were used to investigate diff erences in detection 
rates between the two survey methods. For this purpose, 
the behavioural characteristics of acoustic records were 
assumed to be the same as those of visual (land-based) 
observations that occurred simultaneously.  

 A Chi-square test was used to test for diff erences in 
the number of records produced by land-based surveys 
and C-POD sampling. The number of records produced 
by each method were also compared to assess diff erences 
in the frequencies of behavioural characteristics detected 
by either method. For this purpose, the number of obser-
vations was taken as the number of records registered 
by both land surveys and C-POD, whereas frequen-
cies represented the number of times land surveys and 
C-POD registered a given behavioural characteristic in a 
single record.

Results
Over the course of the study, dolphins were detected 
on a total of 26 separate occasions. Twenty-two of these 
occasions were registered by land-based surveys and 
nine were registered in acoustic sampling. Five occaisons 
were simultaneously detected by both methods (Fig. 3). 

 Dolphin records were highest in August 2018 for 
both methods, followed by May 2019 (Fig. 3). Records 
from land-based surveys were higher in most months 

No. Deployment date Retrieval date

1 1 August 2018 16 August 2018

2 16 August 2018 13 September 2018

3 13 September 2018 22 October 2018

4 22 October 2018 23 November 2018

5 28 November 2018 18 December 2018

6 18 December 2018 21 January 2019

7 21 January 2019 18 February 2019

8 18 February 2019 20 March 2019

9 27 March 2019 18 April 2019

10 18 April 2019 13 May 2019

11 13 May 2019 3 June 2019

12 3 June 2019 12 June 2019

Table 2 Deployment and retrieval dates for the acoustic 
monitoring device (C-POD) employed in the study.

Table 3 Dates of land-based survey and acoustic sampling 
data employed in analyses. 

No. Date No. Date

1 1 August 2018 12 7 February 2019 

2 3 August 2018 13 21 February 2019 

3 14 August 2018 14 7 March 2019

4 15 August 2018 15 20 March 2019 

5 27 August 2018 16 20 April 2019 

6 4 September 2018 17 1 May 2019 

7 17 October 2018 18 2 May 2019 

8 6 November 2018 19 22 May 2019 

9 30 November 2018 20 23 May 2019 

10 5 December 2018 21 4 June 2019 

11 7 December 2018 22 12 June 2019 
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compared to acoustic sampling, aside from December 
2018 (equal number of records) and January 2019 (no 
records). No acoustic records were made in September 
2018, March 2019 and April 2019. 

Detection rates

The total number of observations produced by land-
based surveys was signifi cantly greater than acoustic 
sampling (X2=13.499, DF=1, P=0.0002387).

Behavioural characteristics

‘Fluke-up’ behavioural events were registered 66 times 
during our land-based surveys, 15 of which occurred 
during observations also registered in acoustic sampling. 

 Similarly, our land-based surveys observed all other 
categories of behavioural states (Table 1) more frequently 
than acoustic sampling (Fig. 4). ‘Diving’ represented 
the behavioural state most frequently registered during 
visual and acoustic observations, with a collective total 
of 36 observations, followed by ‘travelling’ (13 obser-
vations), ‘surface-feeding’ (nine), and ‘travel-diving’ 
(seven).

 Our land-based surveys observed all categories of 
group type more frequently than acoustic sampling (Fig. 
5). The ‘tight’ category was most commonly recorded by 
both methods, with a collective total of 37 observations, 
followed by ‘alone’ (15 observations). 

 All but two categories of swim styles were observed 
more frequently in land-based surveys compared to 
acoustic sampling (Fig. 6), the exceptions being the ‘team’ 
and ‘circular-diving’ categories (both equal). The ‘line’ 
swim style was the most frequently observed category, 
with a collective total of 16 observations, followed by 
‘alone’ (15 observations), ‘cluster’ (14) and ‘spread’ (12).

 Visual (land-based) records of dolphins were more 
frequent than acoustic records when their groups were 
small or medium sized (Fig. 7), whereas large groups 
were observed equally frequently.  
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Discussion
We found that land-based surveys generated more 
observations of dolphins compared to acoustic sampling. 
This might be due to the limited detection range of our 
acoustic device, since C-PODs can only detect echoloca-
tion clicks that are produced within 1 km of the device 
and travelling its direction, whereas greater distances 
could be surveyed with binoculars in our land-based 
surveys. Additionally, as the sensitivity of our C-POD 
was set to low to avoid excessive background noise in 
recordings and maximise batt ery life and digital storage, 
this could have contributed to under-sampling. 

 ‘Fluke-up’ events and ‘diving’ behaviour were 
recorded more often in land-based surveys than acoustic 
sampling. Both have been associated with foraging 
behaviour (Smith et al., 1997; Casipe et al., 2013) and as 
cetaceans use echolocation during foraging to determine 
prey location (Johnson et al., 2004; Madsen et al., 2007), 
acoustic sampling should detect dolphins during this 
activity. That this did not always prove the case in our 
study might again be due to the lower detection range of 
the C-POD or because there were occasions when echolo-
cation signals produced by dolphins foraging in the area 
were not directed towards the device.

 The disparities between the frequencies of diff erent 
dolphin group sizes recorded by land-based and acoustic 
sampling was greatest for small groups, followed by 

medium-sized groups. As such, these were more likely 
to be detected by land-based surveys, whereas large 
groups were equally likely to be observed by both 
methods. We att ribute this to the likelihood that large 
groups of dolphins generate more echolocation signals, 
thereby improving their likelihood of detection in 
acoustic sampling. This would be consistent with our 
fi nding that the number of observations of dolphins in 
the ‘alone’ category of group types and swim styles was 
much greater in our land-based surveys. This collectively 
suggests that C-PODs are more effi  cient at detecting 
large groups compared to small groups or individual 
dolphins, whereas land-based surveys are more eff ective 
than C-PODs at detecting either of the latt er. 

 While our study provides new insights on the relative 
effi  ciency of land-based survey and acoustic sampling 
methods for monitoring dolphins, it does have limita-
tions. For example, we assumed that dolphin groups 
simultaneously registered by both methods were the 
same group. This could potentially have led to over-
representation in the number of observations counted for 
both methods and under-representation in the overall 
number of observations. Future research to discern the 
acoustic characteristics associated with specifi c behav-
iours could potentially contribute to overcoming the 
former challenge.

 Land-based surveys are a traditional and widely-
used method for monitoring cetaceans worldwide. 
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With appropriate binoculars, they allow large areas to 
be surveyed from a stationary position and have been 
especially used to study cetacean behaviour (Giacoma 
et al., 2013; Keen et al., 2020). Being based on visual 
observation, they do have limitations however in that 
they can only be undertaken during daylight hours 
and suitable weather conditions. In contrast, acoustic 
sampling devices such as C-PODs have revolutionized 
cetacean studies in allowing researchers to remotely 
study the animals at any time of day or night, irrespec-
tive of weather conditions (Roberts & Read, 2014). As 
mentioned before however, they are limited by detection 
range (up to 1 km in the case of C-PODs) and can gener-
ally only detect echolocation signals directed towards the 
device. They can also only detect dolphins when these 
are actively echolocating (such that more passive activi-
ties will be under-sampled), whereas their eff ectiveness 
for behavioural studies has yet to be fully determined. 
Despite these drawbacks however, acoustic devices 
such as C-PODs have great potential for overcoming the 
inherent limitations of visual surveys, particularly for 
situations where human resources are scarce. 

 Our study provides new insights into the relative 
strengths and weaknesses of land-based surveys and 
acoustic sampling for studying cetaceans which will 
hopefully aid researchers in designing future studies. 
Further studies are needed to confi rm and elucidate our 
fi ndings however, as well as to assess their applicability 
to other cetacean species and geographical regions. For 
instance, research to determine the appropriate density 
of sampling stations required to ensure eff ective detec-
tion in studies that combine land-based survey and 
acoustic sampling methods would be particularly useful.
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