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Abstract

In the last four decades, dugong (Dugong dugon) 
aggregations have been rarely reported from the 
geographically isolated, vast seascape of the 
Andaman Islands, India. The Indian Ocean tsu-
nami of 2004, hunting, coastal development, and 
habitat loss are the major causes of this change 
in the social system of dugongs in the Andaman 
Islands. Our long-term monitoring study (2017 
to 2022) reveals a changing trend in aggregating 
behaviour of dugongs. In an inclusive, collab-
orative effort, we engaged multiple stakeholders 
using two approaches: (1) creating a spatially 
spread citizen science network targeting sea-faring 
agencies—the fishers, forest department, SCUBA 
divers, and defence bodies (Indian Navy and 
Indian Coast Guard); and (2) conducting standard-
ized questionnaire surveys (UNEP/CMS) with 
fishers. Our approach yielded reports of 63 herd 
sightings of dugongs from the Andaman archipel-
ago. The fishers reported 73.01% of the sightings, 
followed by the defence bodies (20.63%), forest 
department (3.18%), and SCUBA divers (3.18%). 
Smaller herds in our study comprised three to 
six individuals, with a social structure of “adults 
only” and “adult–calf.” The larger herds of seven 
to 13 individuals included an “adult–calf” combi-
nation with a greater number of adults accompa-
nying two to three calves. More than 95% of these 
herd occurrences were reported from sheltered, 
coastal waters with resource concentrations (large 
seagrass meadows). Further, we present novel 
dugong occurrence reports from data-deficient 
regions like the Jarawa Tribal Reserve and the 
North Sentinel Island, along with dugong occur-
rences from Little Andaman, where the population 
was speculated to be locally extinct after the 2004 
tsunami. These findings strongly advocate the 
involvement of multiple stakeholders as a cost-
effective approach to monitoring the distribution 
and population of dugongs in larger seascapes 

like the Andaman and Nicobar Islands. Moreover, 
such an approach would be critical for sensitizing 
the local stakeholders regarding the conservation 
and management of large marine mammals such 
as dugongs.
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Introduction

Dugongs (Dugong dugon, Müller) are an elusive 
marine mammal species with a wide distribution 
range in Indo-Pacific tropical waters, spanning 39 
countries (Marsh et al., 2011). Global decline in 
dugong populations, mostly due to bycatch, boat col-
lision, hunting (indigenous/illegal), and habitat loss 
(Marsh et al., 2011; Hines, 2012), demands strong 
national/transnational legislative measures for con-
serving the remnant dugong population across its 
distribution range. In India, dugongs receive the 
highest legal protection under Schedule-I of the 
Indian Wildlife (Protection) Act of 1972, which pro-
hibits their hunting and trade by law. Historically 
in India, dugongs occurred along the peninsular 
coastline’s west and east coasts, except on the north-
eastern coast (Hines, 2012). However, synchronous 
with worldwide threats, most of the local dugong 
populations were extirpated, restricting their present 
distribution to three locations. Two distribution sites 
are along the mainland Indian coast: (1) the Gulf of 
Kutch on the west coast (Arabian Sea) and (2) the 
Gulf of Mannar and Palk Bay on the east coast (Bay 
of Bengal). The third location is the Andaman and 
Nicobar Islands, where an insular population was 
reported (Mani, 1960; Lal Mohan, 1963; Das & 
Dey, 1999).

Between the mid-19th and the late 20th century, 
information on dugongs in India primarily relies 
on anecdotal reports by voyagers and on reports 
of stranded/dead dugongs in local newspaper 
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articles (Blyth, 1859; Kloss, 1902; Miller, 1902; 
Annandale, 1905; Prater, 1928; Pocock, 1940; 
Moses, 1942; Ellerman & Morrison-Scott, 1951). 
In a few instances, the species was misidentified 
as seals or as “fish resembling man caught” from 
the west coast of India (Silas, 1961, p. 264; see 
also Blyth, 1859; Mani, 1960). Gradually, research 
focused on the distribution, status, and ex-situ 
behaviour of dugongs (Jones, 1959, 1967, 1977, 
1980, 1981; Mani, 1960; Silas, 1961; Lal Mohan, 
1963; P. James, 1974; Nair et al., 1975; D. James, 
1985; Silas & Fernando, 1985). However, these 
reports were mostly restricted to the mainland 
Indian coast, with the rarity of dugong occurrence 
reported from the insular waters of the Andaman 
and Nicobar Islands (henceforth, ANI), India.

Captain Niblett of the steamer Sydney first 
reported dugong occurrence in the Andaman 
Islands in 1859 after he retrieved the lower jaw 
and bones of a subadult dugong from a hut of the 
indigenous tribe (Blyth, 1859). These specimens 
were exhibited in the Asiatic Society of Bengal in 
1859 and later mentioned in the Proceedings of 
the U.S. National Museum (Miller, 1902). In the 
last two decades of the 20th century, a few spo-
radic reports documented dugong strandings from 
the ANI (Jones, 1980; Rao, 1990; Bhaskar & Rao, 
1992). Pan-archipelago-wide systematic studies 
by Das (1996) and Das & Dey (1999) offered a 
critical understanding of dugongs and seagrass 
distribution in the ANI.

A recent five-decadal (1959 to 2008) exami-
nation of dugongs highlighted accidental net 
entanglements and hunting as significant threats 
to dugongs in the ANI, concurrent with the global 
scenario (D’Souza et al., 2010). Additionally, 
the 2004 Indian Ocean tsunami further critically 
impacted seagrasses, the only foraging grounds of 
dugongs (Thangaradjou et al., 2010), thus affect-
ing their distribution range in the islands. A few 
post-tsunami studies highlighted sporadic dugong 
occurrence, in-situ behavioural observations, occu-
pancy trends, habitat-use patterns, their ecological 
role, and threats in the ANI (D’Souza & Patankar, 
2009; D’Souza et al., 2013, 2015; Sivakumar & 
Nair, 2013; Malakar et al., 2015; Sivakumar et al., 
2021). These earlier studies broadly focused on 
understanding the dugong population, distribution, 
and habitats and were primarily based on sporadic 
records of dugong occurrences and limited under-
water observations in the ANI.

The geographical vastness of the ANI, low 
population size, and the elusive nature of dugongs 
limit the probability of direct encounters through 
systematic surveys (D’Souza et al., 2013). The 
inaccessibility of sites to researchers (e.g., remote-
ness, entry-prohibited tribal areas) has rendered 
many regions within the archipelago data deficient 

in terms of dugong distribution (D’Souza et al., 
2015). In a spatially vast seascape like the ANI, 
considering the limitations of conducting boat-
based field surveys (i.e., limited funds, manpower, 
logistics), anecdotes from multi-stakeholder sea-
farers represent a cost-effective method to fill the 
existing data gaps in dugong research (Pardalou 
& Tsikliras, 2018). In this context, we created a 
marine citizen science network and interacted 
with the local fisher communities with two pri-
mary objectives: (1) to understand dugong occur-
rence hotspots, especially from data-deficient 
regions; and (2) to prioritize dugong research and 
conservation areas in the ANI. Herein, we pres-
ent the effectiveness of anecdotal records received 
through a citizen science platform in understand-
ing the herd size dynamics of dugongs in the 
Andaman Islands, India. We also report first-
time records of dugong occurrences from data-
deficient sites within the Andaman Islands with 
rare natural history observations on the potential 
sexual phase of dugong from India. The network-
ing of multiple stakeholders provided us with a 
cost-effective approach to understanding the dis-
tribution, herd size dynamics, and rare natural his-
tory observations of dugongs in a larger seascape 
in the Andaman Islands, India.

Methods

Study Site
The ANI (6° 45' to 13° 41' N, 92° 12' to 93° 57' E) 
is a geographically isolated chain of 836 islands/
rocky outcrops/islets situated in the Bay of Bengal, 
India. The total geographical area of the ANI is 
8,249 km2, which is further broadly divided into 
two island groups: (1) the Andaman archipelago 
(77.68% of the total geographical area) and (2) the 
Nicobar archipelago (22.32%), separated by the 
10º channel (www.andaman.gov.in). The tropi-
cal islands of the ANI receive very high rainfall 
from the southwest (June to September) and the 
northeast (October to January) monsoon winds. 
Due to geographic isolation, the ANI supports 
high-value ecosystems like corals, mangroves, 
mudflats, intertidal regions, and seagrasses pri-
marily preserved in pristine conditions. Of these, 
the seagrass meadows represent the only foraging 
area for mega-herbivores like dugongs.

The present study site was the Andaman archi-
pelago, which comprises > 800 islands/rocky 
outcrops/islets of the ANI, of which 24 are inhab-
ited. Four of the six indigenous groups of the 
ANI (Jarawas, Onges, Sentinelese, and Great 
Andamanese) inhabit the Andaman archipelago, 
along with immigrant “settler” communities from 
mainland India. The Andaman archipelago is 
divided into (1) the North and Middle Andaman 
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district and (2) the South Andaman district (www.
andaman.gov.in; Figure 1). Further, to the east of 
South Andaman lies a cluster of 13 islands called 
Ritchie’s archipelago, and 30 nmi to the south is 
Little Andaman; both are administratively part of 
the South Andaman district (Figure 1).

Approach
We collated dugong occurrence data from 2017 to 
2022 via two approaches: (1) citizen science initia-
tive targeting sea-faring stakeholders and (2) com-
munity interactions with local fishers through 
standardized questionnaire surveys (UNEP/CMS, 
2010). We engaged potential sea-faring stakehold-
ers such as local fishing communities, defence agen-
cies (i.e., the Indian Navy and Coast Guard), forest 
department (frontline staff), and SCUBA divers. 
We encouraged the informants to report opportu-
nistic sightings of dugongs and to photo-document 
them for verifiable evidence (whenever possible). 
Sightings were shared through social media apps 

(WhatsApp), personal meetings, or monthly follow-
up phone calls. The resultant data were compiled 
as a database on dugong sightings and further used 
in the mapping platform QGIS to generate dugong 
distribution maps. The sighting records were segre-
gated based on the number of individuals sighted at 
each instance. This article focuses only on the herd 
size of dugongs (minimum no. of individuals = 3); 
hence, sightings with a single animal or a pair were 
removed from the analysis.

Results

We obtained 63 herd sighting records from the 
Andaman archipelago from stakeholders. The fish-
ers provided 73.01% of herd occurrence records, 
followed by the defence bodies (20.63%), forest 
department (3.18%), and SCUBA divers (3.18%). 
Sightings were spread across the North and Middle 
Andaman, South Andaman, Little Andaman, 
and Ritchie’s archipelago (Figure 1). Herd size 

Figure 1. Study area map showing locations of dugong (Dugong dugon) herd sightings reported from the Andaman Islands 
from 2017 to 2022
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ranged from a minimum of three to a maximum 
of 13 individuals. Small herds of three to six indi-
viduals were more frequently reported than large 
herds of eight to 13 individuals (Figure 2a). We 
categorized the social structure of herds as “adult–
calf” and “only adults.” Smaller herds represented 
both categories, and these groups were reported 
moving in shallow coastal waters (Figures 2b & 
3a). However, in three instances, a herd of an adult 
dugong with two calves was reported.

The structure of large herds (8 to 13 individu-
als) involved only the first category: “adult–calf” 
(Figure 2b). Large herds comprised either a 
mother–calf group (herd of eight individuals: four 
adults and four calves) or a greater number of adults 
accompanying two to three calves. In such large 
herds, adults always occupied the group’s periph-
ery, with calves positioned at the center (Fishers, 
pers. comm., 23 January 2020). Calves remained 
closer to their mothers (< 1 to 2 m) when in herds 
with only mother–calf pairs (Figure 3b). Although 
> 95% of total sightings were from nearshore, 
shallow waters (~2 m water depth), one herd was 
sighted 40 km offshore in South Andaman (report 
by the Indian Coast Guard). In this report, a herd of 
13 individuals, including three calves, was moving 
at the surface in a close-knit group (water depth 
~100 m).

In the ANI, the local narratives from senior 
fishers implied that past occurrences of dugong 
herds (~15 to 20 individuals; 40 to 50 y ago) are 
uncommon at present. The previous extensive 
survey across the ANI that documented sight-
ings of 15 individuals over 7 y (2007 to 2013) 
is also indicative of the sharp population decline 
in dugong numbers in the ANI (D’Souza et al., 
2015). Similarly, > 40% of surveyed fishers per-
ceived a decrease in the dugong population in the 

ANI in the past two decades. The primary cause 
for the decline in dugong numbers was attributed 
to the Indian Ocean tsunami in 2004, followed by 
accidental net entanglement, hunting, boat traffic, 
and a decline in foraging grounds (Figure 4).

Anecdotes shared by Dr. Himansu Das (pers. 
comm., 14 April 2022), who carried out extensive 
dugong and seagrass meadow surveys in the ANI 
(1994 to1997), also suggest that dugong herds 
(~10 individuals) were commonly observed in the 
1990s in the shallow water of Ritchie’s archipelago 
and in Dugong Creek, Little Andaman. Secondary 
information received on Onge dugong hunting 
practices also indicated that dugong herds were 
common in the Dugong Creek, Little Andaman, 
where Onges—an aboriginal community—have 
traditionally hunted dugongs at dusk with their 
canoes and spears (resource person from Andaman 
Adim Janjati Vikas Samiti [AAJVS], pers. comm., 
6 March 2022). The dugong population at this 
site sharply declined following the 2004 Indian 
Ocean tsunami (resource person from AAJVS, 
pers. comm., 6 March 2022), after which dugongs 
in Little Andaman were speculated to be “locally 
extinct” (D’Souza et al., 2013). Elevated sedi-
mentation rates and debris depositions on the sea-
floor post-tsunami led to massive loss of seagrass 
meadows in the Dugong Creek, Little Andaman, 
which affected the dugong population (resource 
person from AAJVS, pers. comm., 2 February 2022 
& 6 March 2022). However, we have received 
recent (2019 to 2021) anecdotal records of dugong 
occurrence from Little Andaman, including from 
Dugong Creek (Figure 1). Because of this, our 
focused surveys provided the first photographic 
evidence and confirmed dugong presence from 
the southern coast (South Bay) of Little Andaman 
(Figure 3c).

Figure 2. (a) Herd size-specific frequency of sightings reported in the present study, and (b) social structure of dugong herds
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Figure 3. (a) A herd of three dugong individuals reported from the Jarawa Tribal Reserve (Photo credit: Indian Navy); (b) a 
herd of two mother and calf pairs reported from the Jarawa Tribal Reserve (Photo credit: Indian Coast Guard); (c) direct 
encounter of a dugong adult from Lighthouse (South Bay), Little Andaman (Photo credit: Sumit Prajapati); (d) a herd of four 
individuals in a close-knit movement reported from South Andaman (Photo credit: Indian Coast Guard); and (e) potential 
sexual phase of a male adult dugong with a visible erect male reproductive organ (in white circle) reported from Shaheed 
Dweep, Ritchie’s archipelago (Photo credit: Adventure SCUBA).

Figure 4. Perceived reasons for dugong population decline by the local fishing communities in the ANI (data extracted from 
UNEP/CMS, 2010, questionnaire survey conducted by the Wildlife Institute of India in the ANI)
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In addition to herd sightings, we also received 
reports of new dugong distributional records from 
tribal protected areas, such as the Jarawa Tribal 
Reserve (JTR; n = 7) and North Sentinel Island (n 
= 3), from the Middle and South Andaman (photo-
documented reports from Indian Navy and Indian 
Coast Guard during aerial sorties; Figures 1, 3a, 
& 3d). Lastly, we received a report of rare anec-
dotal evidence, provided by a SCUBA diver infor-
mant, on the potential sexual phase of a male adult 
dugong from Shaheed Dweep, Ritchie’s archipel-
ago (Figure 3e). A 1-min video from December 
2019 showed a ~2.5-m-long male adult with an 
erect penis protruding from its body. The indi-
vidual was observed passively swimming in the 
shallow waters of Shaheed Dweep. Although a 
one-time observation, it is notable that this is the 
first documentation of a potential sexual phase of 
dugong from Indian waters. 

Discussion

Primary understanding of dugong aggregation 
behaviour is dominantly reported from regions 
with large dugong populations, such as Australia, 
Arabian Gulf waters, Africa, and Southeast Asia, 
that are aided by advanced survey techniques 
(e.g., aerial surveys) (Preen, 2004; Garrigue et al., 
2008; Findlay et al., 2011; Ichikawa et al., 2012; 
Ponnampalam et al., 2015; Dunshea et al., 2020). 
However, information on dugong herds from low-
population regions like Indian coastal waters is 
almost unavailable. An earlier study speculated 
that the social system of dugong occurrence in 
herds had broken down in the ANI owing to mul-
tiple pressures that induced population decline 
and loss of habitat (D’Souza et al., 2015). Further, 
small dugong herds (5 to 7 individuals) were much 
more common historically (30 y ago); however, 
dugong sightings in recent years were restricted to 
solitary individuals or pairs in the ANI (D’Souza 
et al., 2015).

Contrary to the rarity of dugong herd sightings 
from the ANI reported in the past, our stakehold-
ers and citizen science findings reveal the repeated 
occurrence of herds from the Andaman Islands. 
Although dugong aggregations are non-cohesive 
and known to be unstable in nature (O’Shea et al., 
2022), we believe that dugong herd occurrences in 
the present study are significant. Despite dugongs 
having a simplified social structure (Marsh et al., 
2011), herd size dynamics are essential in studying 
their social behaviour (O’Shea et al., 2022). Our 
findings, therefore, provide valuable evidence to 
prospective sociality studies on the species in the 
Andaman Islands.

Recent seagrass exploratory surveys have con-
firmed seagrass presence from the locations of calf 

sightings in the present study (Sivakumar et al., 
2021). Further, O’Shea et al. (2022) suggested that 
the strongest social bonds in sirenians are between 
a mother and nursing calves. Based on spatial dis-
tribution trends in herd sightings and the frequency 
of calves reported in our study (> 50% of the herds 
included calves), we speculate that the south-
western coast of South Andaman and pockets of 
Ritchie’s archipelago are critical for dugongs, espe-
cially calving mothers. These sheltered waters with 
resource concentrations (seagrass meadows) are 
possibly used by dugongs primarily for calf pro-
tection. The southwestern Andaman coast is highly 
protected as a part of the Mahatma Gandhi Marine 
National Park (MGMNP), which extends north 
into the tribal-protected Jarawa Tribal Reserve. 
However, two of the islands of Ritchie’s archipel-
ago (Shaheed Dweep and Swaraj Dweep), which 
have a significant number of dugong herd sight-
ings, are tourist hotspots and are exposed to coastal 
habitat alteration (infrastructure development) and 
boat traffic (inter-island shipping lanes, high-speed 
boats, water jet skis). We suggest that these regions 
with a substantial interface of human-dominated 
dugong habitats be of priority for their conservation 
value. Lastly, we do not draw any conclusive trends 
for herds comprised of only adults documented in 
the present due to a lack of behavioural data. Still, 
these observations will inform research studies in 
the future.

Studies worldwide have highlighted the role of 
stakeholder-targeted marine citizen science pro-
grams and the engagement of local communities 
in assessing species distribution and monitoring 
(Bruce et al., 2014; Cigliano & Kliman, 2014; 
Embling et al., 2015), marine litter (Hidalgo-Ruz 
& Theil, 2013), policymaking (Hyder et al., 2015), 
and delineating priority marine research and con-
servation areas (Hauser et al., 2006; McKelvey 
et al., 2008; Cigliano & Kliman, 2014; Embling 
et al., 2015). However, the reliability of these 
anecdotal observations is uncertain if not sup-
plemented with verifiable evidence (McKelvey 
et al., 2008). Our study, which extensively relied 
on secondary observations, is complemented by 
photographs from the defence patrolling agen-
cies (Indian Navy and Indian Coast Guard) and 
SCUBA divers. By targeting these novel agen-
cies, our work highlights the effectiveness of an 
inclusive strategy to engage relevant stakeholders 
in citizen science initiatives. Moreover, this study 
provides rare dugong sightings from deficient 
data locations, filling research gaps on dugong 
distribution in the Andaman Islands. Also, as the 
seagrass meadows in the ANI reportedly rebound 
after the significant loss following the 2004 Indian 
Ocean tsunami, this offers optimism for dugong 
population recovery. Therefore, a seagrass status 
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assessment is strongly advocated, especially in 
regions historically known for dugong occur-
rence. Lastly, our approach of engaging people 
from non-scientific backgrounds to share anec-
dotal occurrence reports could be a significant 
way forward towards community-based dugong 
monitoring and conservation in the Andaman and 
Nicobar Islands.

Acknowledgments

We acknowledge the National CAMPA Advisory 
Council (NCAC), Ministry of Environment, Forest 
and Climate Change, Government of India (Grant/
Award #13-28(01)/2015-CAMPA) for sponsoring 
the study. We thank the Chief Wildlife Warden, 
Department of Environment and Forests, Andaman 
and Nicobar Islands, for granting necessary work 
permits, and respective Divisional Forest Officers 
and frontline forest staff for their support and assis-
tance. We humbly thank all the informants and 
stakeholders involved in the Dugong Monitoring 
Program: fishers, SCUBA divers, Indian Navy, 
Indian Coast Guard, sailors, staff from AAJVS, 
forest department, lifeguards, and the marine police 
& tribal protection police force for their generous 
contribution of sighting records. We thank Sohini 
Dudhat, Prasad Gaidhani, Adithya Pillai, and 
Esha Gokhale for contributing to the fieldwork. 
We acknowledge Dr. Himansu Das (Environment 
Agency, Abu Dhabi) for his valuable comments on 
the manuscript and Snehal Gole for preparing the 
maps. 

Literature Cited

Annandale, N. (1905). Notes on the species, external char-
acters and habits of the dugong. Journal of the Asiatic 
Society of Bengal, 1, 238-243. 

Bhaskar, S., & Rao, G. C. (1992). Present status of some 
endangered animals in Nicobar Islands. Journal of the 
Andaman Science Association, 8(2), 181-186.

Blyth, E. (1859). Report of Curator, Zoological Department, 
for February to May meetings, 1859. Journal of the 
Asiatic Society of Bengal, 28, 271-298. 

Bruce, E., Albright, L., Sheehan, S., & Blewitt, M. (2014). 
Distribution patterns of migrating humpback whales 
(Megaptera novaeangliae) in Jervis Bay, Australia: A 
spatial analysis using geographical citizen science data. 
Applied Geography, 54, 83-95. https://doi.org/10.1016/j.
apgeog.2014.06.014 

Cigliano, J., & Kliman, R. A. (2014). Density, age, struc-
ture and length of queen conch (Strombus gigas) in shal-
low-water aggregations in the Sapodilla Cayes Marine 
Reserve, Belize. Caribbean Journal of Science, 48(1), 
18-30. https://doi.org/10.18475/cjos.v48i1.a4 

Das, H. (1996). Status of seagrass habitats of Andaman and 
Nicobar coast (Technical Report No. 4). SACON, India.

Das, H. S., & Dey, S. C. (1999). Observation on the 
dugong, Dugong dugon (Müller) in the Andaman and 
Nicobar Islands, India. Journal of the Bombay Natural 
Historical Society, 96(2), 195-198.

D’Souza, E., & Patankar, V. (2009). First underwater 
sighting and preliminary behavioural observations 
of dugongs (Dugong dugon) in the wild from Indian 
waters, Andaman Islands. Journal of Threatened Taxa, 
1(1), 49-53. https://doi.org/10.11609/JoTT.o2002.49-53 

D’Souza, E., Raveendran, E. K., Rajan, P. T., & Patankar, 
V. (2010). Status of the Dugong dugon (Müller) in the 
Andaman and Nicobar Islands based on past records 
and traditional hunting by indigenous tribes. In C. 
Ramakrishna, C. Raghunathan, & C. Sivaperuman (Eds.), 
Recent trends in biodiversity of Andaman and Nicobar 
Islands (pp. 443-448). Zoological Survey of India. 

D’Souza, E., Patankar, V., Arthur, R., Alcoverro, T., & 
Kelkar, N. (2013). Long-term occupancy trends in 
a data-poor dugong population in the Andaman and 
Nicobar archipelago. PLOS ONE, 8, e76181. https://doi.
org/10.1371/journal.pone.0076181

D’Souza, E., Patankar, V., Arthur, R., Marba, N., & 
Alcoverro, T. (2015). Seagrass herbivory levels sus-
tain site-fidelity in a remnant dugong population. 
PLOS ONE, 10, 1-18. https://doi.org/10.1371/journal.
pone.0141224.t001 

Dunshea, G., Groom, R., & Griffiths, A. D. (2020). Observer 
performance and the effect of ambiguous taxon identifica-
tion for fixed strip-width dugong aerial surveys. Journal 
of Experimental Marine Biology and Ecology, 526, 
151338. https://doi.org/10.1016/j.jembe.2020.151338 

Ellerman, J. R., & Morrison-Scott, T. C. S. (1951). Checklist 
of Palaearctic and Indian mammals, 1758-1946. British 
Museum, London.

Embling, C., Walters, A., & Dolman, S. (2015). How much 
effort is enough? The power of citizen science to moni-
tor trends in coastal cetacean species. Global Ecology 
and Conservation, 3, 867-877. https://doi.org/10.1016/j.
gecco.2015.04.003 

Findlay, K. P., Cockcroft, V. G., & Guissamulo, A. T. 
(2011). Dugong abundance and distribution in the 
Bazaruto Archipelago, Mozambique. African Journal 
of Marine Science, 33, 441-452. https://doi.org/10.298
9/1814232X.2011.637347 

Garrigue, C., Patenaude, N., & Marsh, H. (2008). Distribution 
and abundance of the dugong in New Caledonia, south-
west Pacific. Marine Mammal Science, 24, 81-90. https://
doi.org/10.1111/j.1748-7692.2007.00173.x 

Hauser, D. W., Vanblaricom, G. R., Holmes, E. E., & 
Osborne, R. W. (2006). Evaluating the use of whale 
watch data in determining killer whale (Orcinus orca) 
distribution patterns. Journal of Cetacean Research and 
Management, 8, 273-281.

Hidalgo-Ruz, V., & Theil, M. (2013). Distribution and 
abundance of small plastic debris on beaches in the SE 
Pacific (Chile): A study supported by a citizen science 
project. Marine Environment Research, 87-88, 12-18. 
https://doi.org/10.1016/j.marenvres.2013.02.015 



60 Gole et al.

Hines, E. (2012). Dugongs in Asia. In E. Hines, J. E. 
Reynolds, L. V. Aragones, A. A. Mignucci-Giannoni, 
& M. Marmontel (Eds.), Sirenian conservation—
Issues and strategies in developing countries (1st ed., 
pp. 58-76). University Press of Florida. https://doi.
org/10.2307/j.ctvx079z0 

Hyder, K., Townhill, B., Anderson, L., Delany, J., & 
Pinnegar, J. K. (2015). Can citizen science contribute 
to the evidence-base that underpins marine policy? 
Marine Policy, 59, 112-120. https://doi.org/10.1016/j.
marpol.2015.04.022 

Ichikawa, K., Akamatsu, T., Shinke, T., Arai, N., & 
Adulyanukosol, K. (2012). Clumped distribution of 
vocalising dugongs (Dugong dugon) monitored by pas-
sive acoustic and visual observations in Thai waters. 
Proceedings of Acoustics, J-01, 130-134.

James, D. B. (1985, January). Some observations and 
remarks in the endangered marine animals of Andaman 
and Nicobar Islands. Proceedings of the Symposium on 
Endangered Marine Animals and Marine Parks, Cochin, 
India.

James, P. S. B. R. (1974). An osteological study of the dugong, 
Dugong dugon (Sirenia) from India. Marine Biology, 27, 
173-184. https://doi.org/10.1007/BF00389070 

Jones, S. (1959). On a pair of captive dugongs Dugong 
dugon (Erxleben). Journal of Marine Biological 
Association of India, 1(2), 198-202.

Jones, S. (1967). The dugong or sea cow—its present 
status in the seas around India with observations on 
its behaviour in captivity. International Zoo Yearbook, 
7, 215-219. https://doi.org/10.1111/j.1748-1090.1967.
tb00398.x

Jones, S. (1977, August). The present status of the dugong, 
Dugong dugon (Müller) in the Indo-Pacific and prob-
lems of its conservation. FAO Advisory Committee on 
Marine Resources Research, Scientific Consultation in 
Marine Mammals, Bergen. 

Jones, S. (1980). The dugong or the so-called mer-
maid, Dugong dugon (Müller) in the Indo-Sri Lanka 
waters: Problems of research and conservation. Spolea 
Zeylanica (Colombo Museum Centenary Volume), 35(I 
& II), 223-260.

Jones, S. (1981, May). Distribution and status of the Dugong 
dugon (Müller) in the Indian waters. Proceedings of 
the Seminar Workshop held at James Cook University, 
Australia.

Kloss, B. C. (1902). Andaman and Nicobars. Vivek 
Publishing House, Delhi. (Reprint 1971)

Lal Mohan, R. S. (1963). On the occurrence of Dugong 
dugon (Müller) off the Gulf of Cutch. Journal of Marine 
Biological Association of India, 5(1), 152.

Malakar, B., Venu, S., Ojha, C., Ram, B. S., Gogoi, N. K., 
Lakra, R. K., Basumatary, G., Thomas, L., & Nagesh, R. 
(2015). Recent sightings of marine mammals in Andaman 
Islands, India. Journal of Threatened Taxa, 7(5), 7175-
7180. https://doi.org/10.11609/JoTT.o4168.7175-80 

Mani, S. B. (1960). Occurrence of the sea cow, Halicore 
dugong (Erxl), off the Saurashtra coast. Journal of the 
Bombay Natural History Society, 57(1), 216-217.

Marsh, H., O’Shea, T. J., & Reynolds III, J. E. (Eds.). (2011). 
Ecology and conservation of the Sirenia: Dugongs and 
manatees (Vol. 18). Cambridge University Press. https://
doi.org/10.1017/CBO9781139013277 

McKelvey, K., Aubry, K., & Schwartz, M. (2008). Using anec-
dotal occurrence data for rare or elusive species: The illusion 
of reality and a call for evidentiary standards. BioScience, 
58(6), 549-555. https://doi.org/10.1641/B580611 

Miller, G. (1902). The mammals of the Andaman and 
Nicobar Islands. Proceedings of the U.S. National 
Museum, 24(1269), 751-795. https://doi.org/10.5479/
si.00963801.24-1269.751 

Moses, S. T. (1942). The fisheries of the Gujarat coast. 
Journal of the Gujarat Research Society, 4(2), 61-82.

Nair, R. V., Lal Mohan, R. S., & Rao, K. S. (1975). The 
dugong, Dugong dugon. ICAR Bulletin of the Central 
Marine Research Institute, No. 26.

O’Shea, T., Beck, C. A., Hodgson, A. J., Keith-Diagne, 
L., & Marmontel, M. (2022). Social and reproductive 
behaviors. In H. Marsh (Ed.), Ethology and behavioral 
ecology of Sirenia: Ethology and behavioral ecology of 
marine mammals (pp. 101-154). Springer. https://doi.
org/10.1007/978-3-030-90742-6_4 

Pardalou, A., & Tsikliras, A. (2018). Anecdotal informa-
tion on dolphin-fisheries interactions based on empirical 
knowledge of fishers in the northeastern Mediterranean 
Sea. Ethics in Science and Environmental Politics, 18, 
1-8. https://doi.org/10.3354/esep00179 

Pocock, R. I. (1940). Some notes on the dugong. Annals 
and Magazine of Natural History, 5(11), 229-245. 
https://doi.org/10.1080/00222934008527109 

Ponnampalam, L., Fairulizmal, J. H., Adulyanukosol, K., 
Ooi, J., & Reynolds, J. (2015). Aligning conservation and 
research priorities for proactive species and habitat man-
agement: The case of dugongs Dugong dugon in Johor, 
Malaysia. Oryx, 49, 743-749. https://doi.org/10.1017/
S0030605313001580 

Prater, S. H. (1928). The dugong or sea cow (Halicore 
dugong). Journal of the Bombay Natural History Society, 
33(1), 84-99.

Preen, A. (2004). Distribution, abundance and conserva-
tion status of dugongs and dolphins in the southern and 
western Arabian Gulf. Biological Conservation, 118, 
205-218. https://doi.org/10.1016/j.biocon.2003.08.014 

Rao, G. C. (1990). Present status of the sea cow, Dugong 
dugon (Müller) in Bay Islands. Journal of Andaman 
Science Association, 6(2), 181-186.

Silas, E. G. (1961). Occurrence of the sea cow, Halicore 
dugong (Erxl), off the Saurashtra coast. Journal of the 
Bombay Natural History Society, 58(1), 263-266.

Silas, E. G., & Fernando, A. B. (1985, January). The dugong 
in India: Is it going the way of the dodo? Proceedings 
of the Symposium of Endangered Marine Animals and 
Marine Parks, Cochin, India.



61Dugong Herd Size in Andaman

Sivakumar, K., & Nair, A. (2013). Dugong distribution, 
habitat and risks due to fisheries and other anthropo-
genic activities in India (Technical Report). Wildlife 
Institute of India.

Sivakumar, K., Johnson, J. A., Pande, A., Gole, S., Dudhat, 
S., Shekar, S., Pathan, S., Ghanekar, C., Magesh, 
M. K., Rajpurkar, S., Seal, S., Bayyana, S., Patel, S., 
Prajapati, S., Saini, H., Hatkar, P., Tripura, V., Bose, S., 
& Christian, G. (2021). CAMPA-recovery of dugongs 
and their habitats in India: An integrated participa-
tory approach (Annual Progress Report V, 2020-2021). 
Wildlife Institute of India (Ministry of Environment, 
Forest & Climate Change).

Thangaradjou, T., Sivakumar, K., Nobi, E. P., & Dilipan, E. 
(2010). Distribution of seagrasses along the Andaman 
and Nicobar Islands: A post-tsunami survey. In C. 
Ramakrishna, C. Raghunathan, & C. Sivaperuman 
(Eds.), Recent trends in biodiversity of Andaman and 
Nicobar Islands (pp. 157-160). Zoological Survey of 
India.

UNEP/CMS. (2010). Standardised dugong catch/by-catch 
questionnaire. UNEP/CMS Dugong MoU, Abu Dhabi 
Office, United Arab Emirates.




