
1	  
	  

Population Monitoring of the Critically Endangered Mekong River 
Dolphin Based on Mark-resight, Cambodia 

PHAN Channa1, 2, *, HANG Sereyvuth1, 3, TAN Someth Bunwath1, 4, LOR Kimsan1 and 
PHAY Somany1, 3 

1 WWF-Cambodia, Phnom Penh 

2 Ministry of Environment, Phnom Penh, Cambodia 

3 The Fisheries Administration, Ministry of Agriculture Forestry and Fisheries, #186, Preah 
Norodom Blvd., Sangkat Tonle Basac, Phnom Penh, Cambodia 

4 The Kraite Provincial Fisheries Administration Cantonment, 

*Author for correspondence: channra.phan@gmail.com 

Abstract 

The Mekong River Irrawaddy dolphins are a living national treasure of Cambodia. Khmer and 
Lao folklore tell of human ancestry of the dolphins, which as the largest mammal in freshwater 
are a keystone or flagship species of the Mekong’s biodiversity. We conducted 22 surveys over 8 
years to estimate the population size at each survey as well as annual population growth and 
survival rate. Mark-resight estimators were applied to account for the detection process in 
estimating these parameters. The Mekong dolphin population is estimated at 80 individuals in 
2015, with a 95% confidence interval of 64–100. The average annual population growth rate is 
estimated at 0.98; an average annual decline of 1.6% per year between 2007 and 2015. Earlier 
studies suggested annual decline of 7% between 2004 and 2007 and 2.2% between 2007 and 
2010. It is, therefore, probable that rate of population decline is slowing. Average annual survival 
is estimated at 0.98 (95% CI 0.90-0.99), or 2.4% mortality per year. Recruitment is estimated at 
0.8% per year. Prior to 2013, recruitment was estimated at zero. We now have evidence of 
limited recruitment but it is still less than mortality. Overall, these results suggest that whilst the 
population continues to decline, the rate of decline appears to be slowing down. The increase in 
ongoing recruitment rate gives hope of recovery if the levels of mortality can be reversed and 
threats reduced. 
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Introduction 

Irrawaddy dolphins (Orcaella brevirostris) occur in coastal areas associated with the muddy, 
brackish water at the river mouths throughout Asia (Stacey and Arnold 1999). Freshwater 
Irrawaddy dolphin subpopulations are found in three main rivers (Mahakam, Ayeyarwady, and 
Mekong Rivers) and two inland lakes (Songkhla and Chilika Lakes). All these freshwater 
subpopulations are listed as critically endangered species in the IUCN red list, apart from the 
subpopulation in Chilika Lakes which has not been formally assessed (Kreb and Smith 2000; 
Smith 2004; Smith and Beasley 2004a, b). Both estuarine and freshwater dolphins are threatened 
by human activities that occur in these environments. Threats include direct mortality from 
fisheries interaction, particularly gillnet entanglement, vessel strikes ((Smith et al. 2007-b; 
Beasley et al. 2007a; Kreb et al. 2007; Smith et al. 2005; Smith et al. 2004), habitat loss and 
degradation, and declining or altered freshwater flows due to dam and embankment construction 
(Anon. 2007).  As a result of numerous anthropogenic threats facing all freshwater river dolphin 
populations, a comprehensive understanding of their population dynamics is required for 
effective long term monitoring and evaluation of implemented management strategies. However 
dedicated monitoring programs need to ensure that sampling methodology and effort are 
appropriate to achieve robust estimates of abundance.  

One of the most extensively studied river dolphin populations in Asia is the Irrawaddy dolphin 
population that inhabits the lower Mekong River (hereafter referred to as the Mekong dolphin 
population) of Northeastern Cambodia and Lao PDR. The first survey by Baird estimated no 
more than 200 individuals in 1997 in the Mekong River and tributaries, though this was 
essentially a guess informed by direct count of around 40 individuals (Baird & Beasley 2005). 
Photograph surveys of individuals from 2001 to 2005, (Beasley and colleagues) estimated the 
population at 127 individuals based on a closed capture-recapture model as of April 2005 
(Beasley et al. 2009). The same study of photographically identified individuals from 2004 to 
2007 (Beasley and colleagues) estimated the population at 93 individuals at the end of study, and 
a decline of around 7% per year (Beasley et al. 2012), equating to an annual population growth 
rate of 0.93. A similar study of photographically identified individuals from 2007 to 2010 
estimated the population at 85 individuals in the end of study with a population growth rate of 
0.98 with no recruitment (Ryan et al. 2011). Together these studies provide strong evidence of a 
decline in Mekong dolphin populations. 

In this study, we report on the estimate of Mekong dolphin abundance, survivorship, recruitment, 
population growth rate and population trend using photo-identification of individual dolphins 
(extrapolating mark-resighting estimates to total population size based on incorporation of 
unmarked animals) collected between 2007 and 2015, and we provide recommendations for 
future population monitoring and conservation strategies, highlighting the critical conservation 
situation now facing the Mekong dolphin population. 
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Study Area 

The Mekong River is the largest river in Southeast Asia and it supports a major inland fishery. It 
is largely a seasonal flood plain which includes deep water pools and a Ramsar wetland site. 
Deep pools, with a depth of water from 10 to 60 meters in this river section, are important fish 
spawning sites and habitats for numerous flora and fauna during the dry season, many of them 
endangered, or extinct in the other areas throughout their range (Chan et al. 2003; Viravong et al. 
2005) and a Ramsar wetland site provides habitat for several globally threatened species 
(Bezuijen et al. 2008). Boat surveys were undertaken along the Mekong River section of the 
main channel from Kratie Township, Kratie Province, Cambodia to southern of Khone Falls 
complex in Champassak province, Lao PDR and back again; a distance for each survey route of 
around 190 km. Each survey took between 9 and 10 days. Previous extensive surveys suggest 
this area covers the current extent of Mekong dolphin habitat in the Mekong River (Baird and 
Mounsouphom 1997, Beasley et al. 2007 and Beasley et al. 2009). 

Methods 

Field Survey 

Field methods follow those described by Dove and colleagues (Dove et al. 2008) and Ryan and 
colleagues (Ryan et al. 2011). Twenty-two primary survey periods were conducted between 
April 2007 and April 2015; each primary survey period typically took nine to ten days and also 
included two secondary survey periods when the team traveled one upstream from Kratie to the 
Cambodia-Lao border and one downstream from the Cambodia-Lao border to Kratie town. In 
total, 44 secondary survey efforts were made between 2007 and 2015 (table 2).  

Photo Identification 

As marks on dolphins are naturally occurring and acquired over time; calves are born without 
marking and most unmarked animals are believed to be young. Further. young calves (<1 year) 
are more boat shy than older animals, and therefore more difficult to resight. The main 
assumption of the modelling effort is that the marked individuals are representative of the whole 
population in terms of sighting probabilities. For this reason unmarked photographs thought to be 
calves (by size next to its mother) were excluded from further analysis, as per similar studies 
(Silva et al. 2009, Ryan et al. 2011).  

Analytical Methods 

Encounters of individuals identified, and encounters of unmarked individuals were modelled 
using the (zero-truncated) Poisson log-normal estimator (ZPNE) mark-resight framework of 
McClintock and colleagues (McClintock & White 2009; McClintock et al. 2009) as available in 
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Program MARK (White and Burham 1999). We used the same model formulations as Ryan and 
colleagues (Ryan et al. 2011) to estimate: the number of unmarked individuals in the population 
during each primary survey period (Ut), the mean resighting probability for each primary period 
(αt) on the log-scale, additional variance in resighting due to individual heterogeneity (σ2t) on the 
log-scale, apparent survival between primary survey periods (φt), the probability of transitioning 
from an observable to unobservable state between primary survey periods given an individual 
was present to be observed (Ƴ″t), and the probability of remaining in an unobservable state (i.e., 
the probability of returning to an observable state) given an individual was not present to be 
observed (Ƴ′t). From this we derived the overall mean resighting rate for each primary survey 
period as well as the population size (Nt ) at each primary period. 

U was estimated as a function of survey, i.e., assuming there would be a different number of 
unmarked individuals for each survey so tha t we would not enforce a situation where changes in 
population size would only come from the marked population. Resighting probability was 
modelled as a constant across surveys (α.) as well as a function of survey (αt). Individual 
heterogeneity was modelled as a constant (σ2.), as function of survey (σ2t), as well as equal to 
zero (σ 2=0). Survival was modelled as a constant (φ.) and as a function of survey (φt). 
Transition probabilities were modelled as constant, (Ƴ″. and Ƴ′.) and either separate or equal to 
each other. This totaled a set of 24 models, which were compared using Akaike’s Information 
Criterion with a correction for small sample size (AICC) to compare models (Burnham and 
Anderson 2002). To estimate seniority (ρ) and thus population growth rate (ʎ), using a reverse-
time analysis of the top model and derive estimates we followed the methods used in Ryan and 
colleagues (Ryan et al. 2011). In total, twenty two primary survey periods and 44 secondary 
survey periods collected between April 2007 and April 2015 by Dove and colleagues for the first  
(Dove et al. 2008), Ryan and colleagues (Ryan et al. 2011) and compile with our data were used 
for the modelling. 

Results 

A total of 95 individual marked Mekong dolphins were identified from the 22 primary survey 
periods, including over 353 encounter occasions and 1816 resightings. The top model estimated 
resighting by survey, individual heterogeneity fixed at zero, survival as constant, and that the 
probability of transitioning to an unobservable state between surveys (Ƴ”) was different than the 
probability of remaining unobservable (Ƴ’). The second-best model was identical to the top 
model except the heterogeneity as constant was allowed to be estimated versus being fixed to 
zero, thus an additional parameter was estimated in this second model. These two models 
account for most of the support. The results of these models were extremely close, with virtually 
identical population estimates, and the estimates of transitioning into an unobservable state were 
effectively zero in both models. Therefore we chose to present results from the top model only. The 
best and second model suggested that clear evidence existed for resighting rate variation across 
primary survey periods. The mean of times an individual was resighted for each primary period 
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was lowest at 0.46 in November 2014 and highest at 1.76 in March 2009 with much variability 
across the surveys. Resighting rates increased from 2009 to 2014 as compared to the prior 
surveys and the last survey in 2015. The population was estimated at 80 individuals in April 
2015, with a 95% confidence interval of 64-100 individuals (fig 1). The population growth rate 
was estimated at 0.984, suggesting an average annual decline of 1.6% per year since 2007. 
Survival was estimated at 0.976, with a 95% confidence interval of 0.901-0.995, and seniority-
the probability that an animal present in a given year was present in the previous year at 0.991 
(95% CI 0.917-0.999). The probability of transitioning to an observable state, given a marked 
individual was unobservable (Ƴ’) was 0.939 (95%CI 0.835-0.979) and the probability of marked 
individuals transitioning to an unobservable state between primary survey periods (Ƴ”) was 
0.025 (95% CI 0.013-0.046). Recruitment was estimated at 0.008, or around 0.8% per year. The 
apparent survival, recruitment and population growth rate apply only to marked individuals. 

 

Figure 1: Estimated population size and 95% Confidence Interval (points), with smoothed 
population mean and confidence interval (ribbon). 

Estimates of the number of unmarked individuals in the population ranged from 2.4 in late 2008 
to 16.8 in early 2013. The number of unmarked individuals estimated was < 10 individuals from 
2007 to 2012, and the estimated number of unmarked individuals was >10 from 2013 to 2015 
(fig 2). 
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Figure 2: estimated number of unmarked individuals in the population. 

Discussion  

The best population estimate for the Mekong dolphin in 2015 is at 80 individuals, which includes 
both marked and unmarked animals. The mean population estimates since 2007 vary between 70 
individuals (2013) and 92 individuals (2009) but overlapping confidence intervals make 
interpreting trends difficult. However for the first 5-10 years of 21st century there is clear 
evidence of population decline. Beasley estimated annual decline of 7% from 2001 to 2005 
(Beasley et al. 2012). Since then rate of population decline has reduced from 2,2% per year for 
the period from 2007 to 2010 (Ryan et al. 2011) to 1,6% per year for the period from 2007 to 
2015.   

Additional encouraging signs come from the increasing modeled estimates of numbers of 
unmarked dolphins; these are presumably young individuals in the population. Moreover the 
modeled estimate of recruitment is 0.8% per year. This was previously estimated as zero (Ryan 
et al. 2011). Thus, there is now evidence of limited recruitment. This recruitment has occurred 
recent years with several new marked individuals recorded and the number of unmarked 
individuals averaging higher than previous estimates. 

These results match well with the previous work of Ryan and colleagues (Ryan et al. 2011) upon 
which they are based; they are based on the same data set, albeit with a small number of minor 
corrections.  The transition rates into and out-of an unobservable state were very close to zero 
with animals as likely to move into an observable state as move out. This result is consistent with 
previous estimates and suggests that survey area is complete representation of the Mekong 
dolphin’s dry season range in the Mekong River, and that minor side channels probably do not 
represent important habitat.  Given historic surveys (Baird and Mounsouphom 1997, Beasley 
2007) the high human population density, and long-term and ongoing research on dolphin in the 



7	  
	  

river, it is extremely unlikely that another population of dolphin remains undiscovered elsewhere 
in the river and its tributaries. We conclude that the surveys capture the entire the Mekong 
dolphin’s range. The high probability of staying unobservable once an individual dolphin 
becomes unobservable might indicate that some dolphins are especially boat shy or cryptic 
(Ryan et al. 2011). 

Unmarked animals are likely to be younger animals which are yet to accrue markings on their 
fins. This is corroborated by field observations of young unmarked individuals appearing in the 
same locations over several years. Previously, Ryan and colleagues (2011) excluded very young 
calves from analyses. He he suggested that the young animals may be boat-shy, and therefore 
have a different resighting probability from marked individuals. Ryan (2013) subsequently 
considered that the differentiation between age classes is likely to be highly arbitrary and non-
repeatable, and the assumption that newborn individuals, (those within one month of birth), may 
well have a lower resighting probability than marked adults. More extensive experience in the 
field, and review of photographs suggests that even fairly young individuals probably have a 
similar resighting rate as marked individuals. Therefore all unmarked encounters were included 
in this analysis. 

Resighting rates were variable, but notably higher from 2009 to the first of the 2015 surveys. We 
believe that the use of two photographers and significantly improved equipment since 2009, 
probably accounted for much of this variation. We also note that our modeling assumes that 
marked and unmarked animals have similar sightability. We believe we met this assumption well 
as photographs were not taken in relation to whether an individual was marked or not. In fact, 
taking photos was a fast reactive activity in which individual identifiers were only noted after 
examining the photos. Further, photographs of young calves, which may differ in sightability 
from older animals, were excluded from the analyses. 

In conclusion, we have clear evidence of an increase in unmarked individuals, which is likely to 
consist of younger animals in the Mekong River. There is clear evidence of the decline of the 
population of dolphins, but with recruitment evident the hope of recovery remains. . If mortality 
rate can be reversed, the population will stabilize and recover in the long term. 

Threats 

The Mekong River dolphins are a living national treasure of the Royal Government of 
Cambodia, that can now be found only over a distance of 180 km from Kampi dolphin viewing 
site, Kratie Province in Cambodia, to the Khone water Falls in southern Lao PDR, are facing a 
large number of threats, including fishing using gillnets in the Mekong dolphins’ protection and 
management area, illegal and destructive fishing using grenades, electro-fishing gear, poisonous 
fishing bait, increased boat traffic on the Mekong river due to human population growth, and 
development and tourism. The current construction of the Don Sahong dam located only 1,5 km 
north of the Cambodia-Lao border, is making the trans-boundary dolphin pools gradually 
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shallower from day to day due to increased sediment load. The remaininge three trans-boundary 
dolphins are moving away from the core habitat; the noise of blast and excavation disrupts 
dolphins’ social, breeding, navigation and foraging behavior and they are impacted by daily 
fluctuations in water flow  and water pollution due to the flow of chemical substances from the 
dam site downstream.  

The newly proposed dams at Sambo in Kratie province with electricity capacity of 2,600 mw, 
Stung Treng in Stung Treng province with electric capacity of 900 mw and lower Sekong in 
Stung Treng with electricity capacity of 190 mw will cause more immense impacts to this small 
remaining population. If these proposed dams are constructed, the whole population of the 
Mekong dolphin will completely be destroyed and all conservation achievements accomplished 
to date will be lost. 

Protection Measures 

As a member of the International Whaling Commission and recognizing an urgent need to 
prevent this natural living treasure from on-going decline, the Government of Cambodia in 
collaboration with WWF, development partners and experts from different countries around the 
globe, have taken several important steps to protect and conserve this species, including 
amendment of the law on fisheries, development of the Sub-Decree on the Determination of 
Types of Fisheries and Endangered Fisheries Products that provides full protection to the 58 
endangered fisheries species that also include Irrawaddy dolphin in the Mekong river, the 
Proclamation (Prakas) on the Measure to Protect the Endangered Fisheries Species and setting - 
up of the new office within the Department of Fisheries Conservation for management and 
conservation of marine mammals. More importantly, the Mekong River Dolphin’s Protection 
and Management Area has been created since 2012, in which 70 river guards are permanently 
based at 16 outposts along the Mekong dolphins’ range in Kratie and Stung Treng provinces to 
enforce the law on fisheries and relevant legislation regarding protection and management of this 
critically endangered dolphin.  

The Mekong River dolphin is the first ever species that the Royal Government of Cambodia has 
contributed to through its national budget of Riel 560 million (c. 136,585$)/year for management 
and protection. This budget has been mainly spent for supporting gasoline, salary of the 72 river 
guards, capacity building and maintenance.  

The Government of Cambodia, in collaboration with WWF has hosted a series of expert 
workshops on Mekong River dolphin conservation in support of field conservation and research 
efforts. The latest of these, hosted by the Deputy Director General of the Fisheries 
Administration (FiA) of the Ministry of Agriculture, Forestry and Fisheries (MAFF) was held in 
Kratie on January 16-18 2017.  These workshops foster valuable international collaboration on 
research methods and conservation approaches that have been important to the identification of 
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threats, evaluation of sources of mortality, and focus of conservation and enforcement efforts 
(WWF and FiA 2017).   

The joint effort has significantly contributed in eliminating illegal fishing activities, reducing 
annual mortality of the Mekong dolphin due to gillnet entanglement, surviving a big number of 
calves and making a better progress on the Mekong dolphins’ behavior. 
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