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ABSTRACT
We compiled, collated, and annotated 1033 dugong records for the Indonesian archipelago for the period 2010–2022. The da-
tabase comprises 337 incidental reports documented via various media sources and 696 cases based on publications and gray 
literature. Four of six apparent dugong hotspot areas were clustered around small archipelagos of the Banda Sea. Two others 
were clustered roughly 1000 km away around archipelagos at the opposite end of the Java Sea. Both Indonesian hotspot clusters 
were adjacent to recognized dugong hotspots located outside Indonesian waters. Notwithstanding known seagrass-dependency, 
documented dugong records were not significantly correlated with seagrass abundance. Seagrass was most prevalent around 
small sparsely populated offshore archipelagos, where riverine freshwater and sedimentation were also less. Notwithstanding 
seagrass presence along the west coast of Sumatra, the area had limited connectivity to other dugong hotspots and was largely 
devoid of dugong records. Dugong size–structure data were bimodal and dominated by larger animals, suggesting either recent 
immigration or recent local decline in reproductive success. Most documented mortality records were on the north-west side of 
the Java Sea and mainly due to entanglement bycatch. Citizen science, gray literature, and social media data have clear added 
value but the need for more quantitative, standardized, and reliable data are emphasized.

1   |   Introduction

The dugong (Dugong dugon), along with three species of man-
atees (genus Trichechus), is a member of the Sirenia, the only 
Order of extant marine herbivorous mammals. Globally, the 
IUCN Red List categorizes the dugong as Vulnerable with a de-
creasing population trend (Marsh and Sobtzick 2019). Indonesia 
is recognized as a country that has a significant dugong popula-
tion, as confirmed by a number of local studies, either through 
direct sightings or secondary sightings collected through ques-
tionnaires. The Indonesian archipelago is also centrally located 

in the world-wide range of the dugong and may therefore play 
a special role in maintaining geographic connectivity, gene flow, 
and genetic diversity within the species. The size of the dugong 
population in Indonesia has been previously estimated to have 
been as high as 10,000 in the 1970s and as low as 1000 in 1994 
(https://​www.​dugon​gcons​ervat​ion.​org/​where​-​we-​work/​indon​
esia/​). As of this writing, Indonesia is not signatory to the du-
gong MOU (UNEP-CMS  2019). However, under the Ministry 
of Marine Affairs and Fishery (MMAF), Indonesia has created 
a National Plan of Action for the “Conservation of the Dugong 
and Its Habitat” (KKP-DJPRL 2018). Nonetheless, the dugong's 
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population size and dynamics in the Indonesian archipelago 
are poorly understood, and only a rough estimate of population 
size and its general distribution are presently available (Hines 
et al. 2012). The consensus is that the species suffers from several 
anthropogenic threats such as incidental and intentional kill-
ing, seagrass loss and destruction, and human-wildlife conflicts 
within Indonesia as well as elsewhere (Marsh and Sobtzick 2019).

Indonesia is the largest archipelagic and fifth most populous 
country in the world, exhibiting rapid economic and population 
growth (BAPPENAS 2021). Rapid coastal development can po-
tentially affect the dugong and its habitat. As part of Indonesia's 
long-term development vision, 15 “Special Economic Zones” are 
currently being planned or developed. Among these, 12 are lo-
cated in or near coastal areas. Failure to take remedial conserva-
tion action in light of anticipated developments could easily result 
in severe consequences for the dugong, similarly to what has 
happened in Eastern China, where dugongs have disappeared 
and are now functionally extinct (Lin et al. 2022). At the same 
time, the rapid increase of maritime traffic across the archipel-
ago is becoming an emerging threat (Groom et al. 2004; Maitland 
et al. 2006). In parallel, habitat loss, fragmentation, and degrada-
tion exacerbate the overall pressure on the endangered dugong 
population (Dewi et al. 2025; Ng et al. 2022; Sjafrie et al. 2024).

In this study, our objective was to collect and analyze pub-
licly available information on dugong occurrence within the 
Indonesian archipelago so as to develop a better understanding 
of the species' known distribution and abundance. Publicly avail-
able information shared on many different platforms can be used 
to consolidate knowledge about the dugong's spatial and tempo-
ral distribution across the country by means of both incidental 
sightings and directed studies. Panyawai and Prathep  (2022) 
indicated that peer-reviewed publications on the dugong in the 
Indo-Pacific were limited. Hence, going beyond the use of for-
mally published scientific articles might help to obtain a broader 
picture of dugong distribution in Indonesia. Elsewhere underuti-
lized incidental reports have proven useful for the development 
of valuable insights for rare marine mammals (e.g., Choi-Lima 
et al. 2017; Debrot et al. 2020, 2022; Franzini et al. 2013; Nazareth 
et al. 2022; Pikesley et al. 2012; Sahri et al. 2020), so we used such 
reports for the dugong of Indonesia.

2   |   Methods

We collated incidental sightings reported via the Internet and so-
cial media, as well as published accounts, for the 13-year period 
of 2010–2022. A dedicated team searched the Internet and down-
loaded available information. All records were geolocated using 
GPS coordinates or to the highest precision possible, based on 
the available location information. We grouped dugong sighting 
information into two broad categories: (1) the “Internet and so-
cial media” category, which consisted of any information sourced 
from Internet news, Instagram, Facebook, and YouTube; and 
(2) the “publication” category, consisting of both gray literature 
and formal publications. Careful, case-by-case assessments were 
made to avoid redundancy of incidental reports by scrutinizing 
similarities in images and case descriptions, and time and loca-
tion of the documented records. As much as available, additional 
information collected included the type of record (sighting, 

directed takes, incidental take), the number of animals, whether 
they died or were actively killed, the sex (M/F), rough maturity 
stage (juvenile/adult), and size (total length). Direct contact with 
the owners of the information was established as much as pos-
sible to gain further details when necessary. However, in some 
cases this could not be further documented because of discon-
nected social media links or because the original reporters of the 
information could not be reached. In addition to our Internet 
and social media search, we used keywords in Bahasa Indonesia 
and major local dialects (i.e., dugong, duyong, duyung, dulung) 
to find additional publications and gray literature sources for the 
period 2010–2022. Publications or media notices about dugongs 
in Indonesian zoos and aquariums were excluded.

We distinguished three main types of records: (1) “stranding” 
records were for animals washed up on shore either dead or 
alive and whether or not due to entanglement in fishing gear; 
(2) “capture” records referred to all records in which animals 
were either caught passively in fishing gear or actively hunted 
and killed or put into captivity; and (3) “sighting” records which 
were reported by local fishers, nature managers, scientists, or 
dive operators. We further distinguished four main causes of 
death: (1) “entanglement bycatch and death due to stress; injury 
or drowning”; (2) “entanglement bycatch and purposely killed”; 
(3) “hunted”; and (4) “other” (e.g., suffocation due to plastic pol-
lution, boat collisions, and “unknown”). We used the rough age 
groupings by Marsh and Sobtzick  (2019) and Kwan  (2002) to 
differentiate age groups: average size at maturity is 2.7 m, and 
for this assessment all animals ≥ 2.7 m were classified as adults. 
Neonatal size was defined as ≤ 1.3 m in length while animals of 
1.3 ≤ 2.7 m were considered sub-adults.

Dugong abundance based on records was compared to the doc-
umented occurrence of seagrass. Sjafrie et  al.  (2018) indicate 
that seagrass coverage in Indonesia is minimally 293,000 ha. 
However, this number is considered to only represent 15%–35% 
of the potential seagrass beds due to limited data availability. In 
this assessment, we used the Allen Coral Atlas (2022), in which 
seagrass coverage up to 10 m depth was estimated using a com-
bination of machine learning and composite satellite images.

2.1   |   Statistical Analysis

Sex ratios in dugong records were tested for deviation from the 
expected ratio of 1:1 for males and females by means of the chi-
squared goodness of fit test. Sizes were reported as mean ± stan-
dard deviation (SD). The Kolmogorov–Smirnov (KS) test for 
normality was used to examine if the size–frequency structure 
conformed to normality. A simple linear regression analysis of 
variance F-test was used to test for any relationship between du-
gong records and seagrass coverage.

3   |   Results

Our compilation of dugong records for 2010–2022 amounted to 
1033 cases comprising 337 incidental reports documented via 
the Internet and social media and 696 cases reported via scien-
tific papers and gray literature sources. All records and support-
ing data are available in Supporting Information.
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3.1   |   Spatial Distribution

Dugong records were established for 24 of the 37 provinces of 
Indonesia (Figure  1). Five provinces (Sulawesi Utara, Bangka 
Belitung archipelago, Sulawesi Tengah, Nusa Tenggara Timur, 
and Riau archipelago) stood out with more than 50 reported re-
cords. Of these, Sulawesi Utara and Bangka Belitung archipel-
ago were provinces with more than 100 records, while Sulawesi 
Utara had the most records (518) distributed between the two 
concentration areas (Figure 1, see inserts F(1) and F(2)). The high 
numbers of records for Sulawesi Utara and Bangka Belitung archi-
pelago were mainly provided by Bonnet (2016), Putri et al. (2019), 
Septiani  (2022), Suhendro et  al.  (2018), Supratman and 
Farhaby (2021), Syafutra et al. (2018), and Wilanda et al. (2021).

Figure  1 shows the distribution of documented records from 
the two main categories of sources (Internet and social media 
vs. publications and reports) across the Indonesia archipelago. 
Many areas can be seen to have mostly social media records, 
while others have mostly published records based on reports 
and studies. For instance, for the Bangka Belitung archipel-
ago and Sulawesi Tengah, documented records were largely 
via social media, while for the Riau archipelago and Sulawesi 
Utara, records were largely from publications and gray litera-
ture sources. These hotspots are close to each other; thus, even 

relatively closely situated hotspot areas may differ greatly in the 
sourcing of available records. Thirteen provinces had no records 
available for the period considered.

Spatially, dugong records might be expected to be closely cor-
related with seagrass distribution as seagrass is the dugong's sta-
ple food (Budiarsa et al. 2021). Figure 2 shows reported dugong 
sightings and seagrass cover (ha) according to the Allen Coral 
Atlas (2022). There were provinces with many dugong records 
and little documented seagrass and those with few records and 
much seagrass (Figure 2).

Linear regression analysis of dugong records as a function of 
seagrass coverage at the province level failed to detect any sim-
ple relationship between dugong records and seagrass coverage, 
even after removal of an outlier value (518) for Sulawesi Utara 
(F = 1.95250594, df = 1, p = 0.17).

3.2   |   Demography

Out of 1107 reported dugong sightings, 918 sightings were re-
ported as solitary animals (89%), while 115 (11%) reports in-
volved multiple dugongs. Of the 94 animals in which the sex was 
determined, 43 were females and 51 were males, which failed 

FIGURE 1    |    Dugong and seagrass distribution in Indonesia based on Internet and social media (red) and publications and gray literature (yel-
low). Boxes A–E indicated > 50 sightings hotspots: A, Kepulauan Riau; B, Kepulauan Bangka-Belitung; C, Papua Barat; D, Sulawesi Tengah; E, Nusa 
Tenggara Timur; F(1) Sulawesi Utara—Minahasa Utara; F(2), Sulawesi Utara—Sangihe.
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to differ significantly from the expected ratio of 1:1 (x2 = 0.681, 
df = 1, p ≥ 0.05).

Of the 1107 sighting reports, 110 records provided a measure-
ment or estimate of total length (Figure 3). The average reported 
length of these 110 specimens was 2.15 ± 0.79 m, with a reported 
size range of 0.5–4.50 m. The mean length was below 2.7 m, 
which according to Marsh et al. (2012) is the average size at ma-
turity. One sighting from North Sulawesi was of an animal of 
between 4.25 and 4.5 m, a size which is quite rare (Burnie and 
Wilson 2005). The size distribution showed a significant devi-
ation from normality (KS, p = 0.003) with an overall tendency 
toward a left skew in which there were relatively fewer small 
animals and more large animals.

Two other features can be seen in the size–frequency data. The 
first is that the size estimates show an artifact typically associated 
with rough size estimation, namely that observers tend to trun-
cate their estimate to fit whole numbers, leading to a seemingly 
staggered size structure. The second, more interesting feature 
is that the size structure suggests that the dugong population is 
composed of two disjunct size groups, one with a modal size of 
1.25–1.50 m and one with a modal size at around 2.50 m.

3.3   |   Reported Threats and Fatalities

In total, 307 reported dugong records (28%) involved captured 
(113) or stranded animals (194), while 72% were sightings of an-
imals alive and at large (800 sightings). A total of 184 dugong 
records further involved dead animals (i.e., 17% of all records).

Of the 184 records of dead dugong, 130 (71%) were from unspec-
ified causes of death, followed by 45 (24%) likely deceased due 
to stress, injury or drowning resulting from entanglement by-
catch, 2 (1%) deceased due to purposeful killing after entangle-
ment bycatch, and 7 (4%) killed during directed hunts (Figure 4). 
Further, according to record type categories, stranding records 
contributed 123 of the 184 death reports, capture records (also 
as bycatch) contributed 54 death reports and sighting records 
contributed seven death reports. The provinces with highest 
number of documented mortalities were the Bangka Belitung 
(22% with 41 records of dead dugong) and Riau archipelagos 
(17% with 31 records of dead dugong), both at the western end of 
the Java Sea. The main sources of Bangka Belitung archipelago 
mortality cases were associated with entanglement bycatch (28 
cases) followed by other unknown causes (10 cases). Purposeful 
hunting (two cases) or killing after bycatch (one case) were 

FIGURE 2    |    Reported dugong records and seagrass coverage for each province (in hectares × 103).

FIGURE 3    |    Histogram of reported body lengths of dugong sightings. Two exceptional length reports (≥ 4 m) can be seen in the far right side of 
the histogram.
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least important (Chairul  2020; Haryanto  2021; Pojok  2021; 
Putri et  al.  2019; Suhendro et  al.  2018; Syafutra et  al.  2018; 
Tasmalinda  2021; TVRI Babel  2017). The main sources of 
Riau archipelago mortality cases were “unknown” (25 cases), 
followed by mortality associated with entanglement bycatch 
(five cases) and killing after bycatch entanglement (one case) 
(Figure 5).

3.4   |   Specific Cases

3.4.1   |   Intentional Capture and Hunting

We recorded eight intentionally captured and captive-kept 
dugongs within three provinces, namely: (a) Maluku Utara, 
(b) Papua Barat, and (c) Sulawesi Tengah. The general reason 
for keeping dugongs in captivity was to attract tourists from 
which to earn visitor fees. In two instances (Franciska  2016; 
Moore  2017), the dugong was tied by the tail and moved reg-
ularly to fresh seagrass. The person who captured the dugong 

would offer photo services and allow the visitor to touch or pet 
the dugong. Some of the reports mentioned injuries to the tail 
and body, likely due to scouring by the rope (Moore 2017). In one 
case (Yellu village in the province of Papua Barat), a dugong was 
captured and kept alive but eventually released by the authori-
ties (Nuraini 2020).

We recorded six cases, involving seven dugongs that were inten-
tionally hunted, including an incident from Halmahera Timur, 
Maluku Utara province, in 2011 when a pregnant dugong was 
caught and slaughtered by fishermen while the animal was in 
shallow waters (Nontji 2015; Nontji et al. 2012). There were also 
cases where bycaught and stranded freshly dead dugongs were 
subsequently slaughtered for consumption by the coastal villag-
ers if the meat was still fresh. Slaughtering of dugong (whether 
after intentional or non-intentional mortality) is rarely reported 
by the public because of its illegality and chance of penalties. 
Hence, the likelihood of under-reporting is high. At least 29 
sightings (2017–2022) involved a single solitary male dugong, lo-
cally named Mawar, interacting with human visitors in the Selat 
Mantar Marine Sanctuary, Kabola Bay, East Nusa Tenggara 
Province (Harahap 2018). The majority of the latter sighting re-
ports were attributable to a local boat tour operator (Fauzi 2019).

3.5   |   Temporal Trends in Dugong Records

The distribution of dugong records for the 13-year period of 
2010–2022 shows a general increasing trend apart from two 
major peaks for the year 2016 (266 records) and 2022 (243 re-
cords). This gradual increase in documented records can be 
attributed to mostly publications and gray literature studies 
(R2 = 0.19) but records from Internet and social media also mani-
fested a significant positive linear regression (R2 = 0.68) over the 
years (Figure 6).

FIGURE 4    |    Reported status of dugong records according to the re-
port categories of stranding, capture, and sighting.

FIGURE 5    |    Reported dugong source of mortality by province.
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The peak in records for 2016 were sourced back to a master's 
thesis by Bonnet  (2016) for Sulawesi Utara and a conference 
paper by Suhendro et  al.  (2018) covering widespread areas of 
Indonesia including a multi-institutional conservation report 
focused on Sulawesi Tengah. The peak in records for 2022, was 
sourced back to a master's thesis by Septiani (2022) for Sulawesi 
Utara. Both years also happen to be on record for highly extreme 
climatic events in southeast Asia which may have contributed 
to higher movement and visibility of dugongs (Trewin  2017; 
ABM 2022).

4   |   Discussion

The compilation of 1033 dugong sighting records from 2010 to 
2022 across Indonesia provides new insights into dugong distri-
bution patterns and threats. Our findings especially underscore 
the urgency for more consistent and coordinated dugong ecolog-
ical research and five main discussion points emerge:

4.1   |   Hotspots

A number of interesting geographic distributional patterns were 
suggested from our assessment. Six apparent hotspots were 
identified, clustered into two wider regions, namely the Banda 
Sea region (Nusa Tenggara Timur including the Flores Sea, 
Timor Sea, and Celebes Sea) and the western Java Sea (Bangka 
Belitung and Kepuluan Riau archipelagos). The Banda Sea clus-
ter occurred around relatively small island archipelagos, while 
the Bangka-Belitung and Kepulauan Riau archipelagos were 
the locus of the western Java Sea cluster. The Bangka-Belitung 
and Kepulauan Riau hotspots are closely situated to the Eastern 
Malaysia and Brunei dugong population “hotspots” as discussed 
by Ponnampalam et al. (2015) and Panyawai and Prathep (2022). 
In between, the Java Sea separates these two clusters by roughly 
1000 km, along which there is a notable paucity of dugong 

records. Despite older records for North Sumatra in the Malacca 
straits (Allen et al. 1976), as well as anecdotal records for East 
Kalimantan (Allen et  al.  1976; Hendrokusumo et  al. 1981; 
Marsh et al. 2002), it appears that overall the outstretched coasts 
of the main islands that lack safe havens such as bays and coves 
and which have more riverine input (including Java, most of 
Sumatra, south and east Kalimantan and the Papua coast of the 
Arafura Sea) presently have few to almost no documented re-
cords. The findings also suggest that the Indian Ocean coast of 
Central and West Java almost fully lack dugongs, even though 
in the past the species has been recorded at Cilacap and Segara 
Anakan west of Yogyakarta (Allen et al. 1976; Hendrokusumo 
et al. 1981; Marsh et al. 2002). The remarkably low number of 
dugong records for the Indian Ocean shores of West Sumatra 
(particularly the Mentawai archipelago) is notable in that small 
islands and documented suitable seagrass habitat are still plen-
tiful (Figure 1).

Proven seagrass stressors in Southeast Asia are increased nu-
trient loading and increased sedimentation in shallow coastal 
areas. Both factors are more problematic around larger islands 
(Short et al. 2014) as also influenced by the continued large-scale 
development of coastal lowland agriculture on those islands. The 
scarcity of records along Sumatra, Java, Kalimantan, and Papua, 
despite the presence of seagrass cover (Allen Coral Atlas 2022; 
Budiarsa et al. 2021), suggests that dugongs preferentially occur 
around small isolated offshore islands with (possibly) reduced 
disturbance and reduced sedimentation, or both. These patterns 
align well with previous studies that link dugong presence to 
small island seagrass ecosystems in Indonesia (De Iongh 1996; 
De Iongh et al. 1995, 1998, 2007). Even though several studies 
also demonstrate a tight link between seagrass and dugongs at 
more limited spatial scales (Cleguer et al. 2020; Cullen-Unsworth 
et al. 2018), the weak correlation between dugong sightings and 
seagrass observed in this study likely reflects both the opportu-
nistic nature of citizen science data and incomplete seagrass cov-
erage mapping (Allen Coral Atlas 2022; Sjafrie et al. 2018).

FIGURE 6    |    Number of dugong sightings from 2010 to 2022 based on (1) Internet and social media, (2) scientific publications and gray literature.
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4.2   |   Connectivity

The large geographic separation of hotspots highlights questions 
of connectivity both within Indonesia and across borders. The 
Banda Sea cluster may connect most directly to Australia, which 
has the largest worldwide population of about 70,000 dugongs 
(Marsh and Sobtzick  2019), which would be unsurprisingly 
consistent with published evidence of transboundary move-
ment (Marsh and Sobtzick 2019). Nevertheless, limited genetic 
barcoding from the eastern Java Sea (i.e., bordering the Banda 
Sea cluster of hotspots) suggests a closer association with the 
eastern Indo-Pacific population than with Australian dugongs 
(Dewi et al. 2025). Poommouang et al. (2021) have shown that 
the dugongs of the Banda Sea seem to be a quite diverse mix of 
widely dispersed lineages. In contrast, the genetic affinities of 
the western Java Sea cluster, situated adjacent to the Malaysian 
dugong concentration (Ponnampalam et  al.  2015; Panyawai 
and Prathep  2022), remain unknown. They might represent 
the Malaysian/Philippine dugong lineage or could also be more 
related to the Andaman dugongs, which are a mixture of the 
Malaysian/Philippine lineage and a unique Andaman lineage 
(Poommouang et al. 2021). The lack of understanding of trans-
boundary genetic connectivity and gene flow between the west-
ern Java Sea and the nearby Malaysian/Philippine and Andaman 
Sea dugongs (or even the more distant Banda Sea dugongs) rep-
resents a critical research gap. Poommouang et al. (2021) have 
further documented declining genetic diversity in dugongs 
from both sides of the nearby Thai peninsula. This, as well as 
limited gene flow and inbreeding as found for at least one Thai 
dugong subpopulation (Poommouang et  al.  2022), could well 
be occurring in Indonesian dugongs but remains to be studied. 
Finally, while the exact causes for the apparently low presence 
of dugongs in the Mentawai archipelago on the west coast of 
Sumatra remain unknown, these islands have ample seagrass 
habitat and should be suitable for re-establishment of an addi-
tional hotspot for dugongs. That could not only help bolster the 
status of the (transboundary) Andaman dugongs (Panyawai and 
Prathep 2022) but also serve as a valuable stepping stone for con-
nectivity across the Indian Ocean.

4.3   |   Demography

The gradual, incremental increase in the availability of dugong 
records as seen in our data is not so surprising, even as the spe-
cies might actually be showing long-term declines in Indonesia 
from within its core Banda Sea hotspots area (Cullen-Unsworth 
et al. 2018). Gradual increases in records of charismatic mega-
fauna are commonly seen in other fields of conservation en-
deavor as the public becomes more aware and engaged, as the 
number of scientists continues to increase, and as the collection 
and spread of information via social media becomes more prev-
alent. Hence, it is important to understand that the gradual in-
crease in documented records over time likely does not mean or 
even suggest that dugong abundance is increasing.

At the most elementary level, our data demonstrate a mix of 
dugong sizes, which corroborates that the species is clearly able 
to reproduce in Indonesia, as all size-groups were represented. 
A fully stable population of a long-lived species should further 

typically show a unimodal population structure. The dugong is 
a long-lived, late-maturing, low-fecundity species such that a 
left skew (with old animals predominating), as observed in our 
data, can also be expected as a normal feature of a stable popu-
lation (Heide-Jørgensen and Teilmann 1994). However, super-
imposed upon the general left skew, the data even suggest a 
bimodal structure, dominated by larger adults with fewer young 
age/size groups. Changes in the age/size-frequency structure 
of a population and irregularities in population structure are 
often caused by perturbations and will typically also have sig-
nificant impacts on population vitality (Holmes and York 2003; 
Jackson et al. 2020). This seemingly bimodal population struc-
ture could indicate recent immigration of adults from healthier 
populations (e.g., Australia) or a recently reduced reproductive 
success within Indonesia (Holmes and York  2003; Jackson 
et al. 2020). The overall average estimated size of 2.15 m falls 
below the maturity threshold size of 2.7 m (Marsh et al. 2012). 
This demographic profile emphasizes the need for standard-
ized monitoring to clarify reproductive success and long-term 
developments in population viability. In our data, records of 
males were somewhat but not significantly more abundant 
than records of females. A relative “shortage” of females versus 
males may signal lower survival of females or possibly greater 
mobility (and hence visibility) of males. Therefore, important 
deviations from a 1:1 ratio between the sexes should always 
be a good reason for further research. It is also important to 
verify any major meteorological dynamics that might impact 
dugong food availability and their movement patterns. For in-
stance, both years with exceptionally high numbers of dugong 
records were years associated with extreme regional meteoro-
logical upheavals known to disturb and destroy the main habi-
tat and food source of the dugong (Collier et al. 2014; McKenna 
et al. 2015; Short et al. 2014). When faced with food shortages, 
dugongs may emigrate in large numbers from affected areas 
(Preen and Marsh 1995) and are well-documented to make fre-
quent macro-scale movements in response to environmental 
change (Sheppard et al. 2006).

4.4   |   Knowledge Gaps

Reliable population size estimates are a minimal met-
ric required for population status assessment (Marsh and 
Sobtzick 2019). Despite Indonesia's importance in terms of its 
geographical position for dugong survival, scientific knowl-
edge on abundance and habitat use remains extremely scarce. 
Much of the available information (yet available) is derived 
from incidental sightings or localized studies, which make 
robust population estimation impossible (Cleguer et al. 2020; 
Cullen-Unsworth et  al.  2018; Sahri et  al.  2020). In addition, 
the size/age and sex–structure of any population are also key 
metrics of population vitality as they represent the joint result 
of numerous (also historical) processes governing population 
growth and/or decline through time. Therefore, standardized 
surveys for reliable population estimation and assessment in 
different parts of the archipelago and genetic studies are ur-
gently needed to assess and verify connectivity among the 
Indonesian subpopulations and with neighboring range states 
(Dewi et al. 2025; Garrigue et al. 2022; McGowan et al. 2023; 
Seddon et al. 2014).
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4.5   |   Policy Implication

Previously, Marsh and Sobtzick  (2019) ranked anthropogenic 
dugong mortality rates in Indonesia as unsustainable which 
means that addressing dugong mortalities is the most pressing 
policy matter to address. The Bangka Belitung and Kepulauan 
Riau archipelagos recorded the highest record of mortality 
largely caused by bycatch, highlighting the urgency of effective 
mitigation measures, especially for these archipelagos (Marsh 
and Sobtzick 2019). Strengthened governance, including bycatch 
reduction by excluding gillnet use from dugong-sensitive areas, 
effective enforcement, and participation in international con-
servation agreements, will be crucial for sustaining Indonesia's 
dugong populations (Sahri et al. 2020).

The recently enacted MMAF Decree No. 79/2018 regarding a 
National Action Plan for marine mammal conservation offers 
major new perspectives for dugongs (Sahri et al. 2020). The main 
action points of that plan were briefly summarized by Sahri 
et  al.  (2020) as follows: (1) more ecological and socio-cultural 
research; (2) building a national database (for which this project 
may be seen as a modest start); (3) reducing fishing-related mor-
tality (which our study identifies as a key problem for the dugong 
especially around the Bangka Belitung and Riau archipelagos); 
(4) identification and protection of main dugong hotspots (as we 
have explored here, but which need confirmation); (5) better val-
uation and community awareness of the (clearly growing) tour-
ist economic value of dugongs at large; (6) capacity building and 
the establishment of a network for rescuing stranded animals; 
and finally, (7) limiting negative effects of coastal development. 
A key challenge in this all will be to address the large existing 
gaps in spatial jurisdiction. Of the 34 provinces of Indonesia, 
only 16 have some form of marine spatial planning and of the 
177 widely scattered marine protected areas, only two specifi-
cally address marine mammal needs (Sahri et al. 2020).

5   |   Conclusions

Indonesia occupies a central position in the dugong's exten-
sive Indo-Pacific range and holds extensive seagrass ecosys-
tems. Yet its dugong populations remain poorly studied (Marsh 
et al. 2012; Marsh and Sobtzick 2019). By collating 1033 records 
from gray literature, scientific papers, and social media sources, 
this study identified two major hotspot clusters: the Banda Sea 
and the western Java Sea. These findings suggest that dugongs 
in Indonesia are not uniformly distributed; rather, they are con-
centrated around small archipelagos with relatively undisturbed 
seagrass ecosystems (De Iongh 1996; De Iongh et al. 1995, 1998, 
2007; Short et al. 2014). The first and foremost threat to address is 
the unsustainable level of mortality (Marsh and Sobtzick 2019), 
which (also based on our results) largely appears to be from by-
catch in coastal gillnet fisheries taking place in dugong-sensitive 
areas and habitat.

While the insights provide new working hypotheses, they also 
expose critical knowledge gaps. The absence of reliable popu-
lation size estimates, uncertainties in reproductive success, and 
unverified genetic connectivity between Indonesia's subpopula-
tions and neighboring range states, particularly Malaysia and 
Thailand, highlight the limits of current, available knowledge 

(Dewi et  al.  2025; Garrigue et  al.  2022; Seddon et  al.  2014). 
Our findings point to the need for standardized and consis-
tent ecological surveys, comprehensive seagrass mapping, and 
genetic studies addressing subpopulation structure and con-
nectivity (Cullen-Unsworth et  al.  2018; McGowan et  al.  2023; 
Sahri et  al.  2020). Use of an online, centralized, participatory 
reporting platform or other low-cost interview methods (Pilcher 
et  al.  2017); university capacity-building networks, and ad-
vanced technologies such as drone surveys and the use of arti-
ficial intelligence can be part of these efforts (Digdo et al. 2025; 
Rajpurkar et al. 2021).

From a management perspective, the high incidence of mor-
tality in Bangka Belitung and Kepulauan Riau archipelagos 
stresses the urgency of addressing bycatch issues (Holmes and 
York  2003; Marsh and Sobtzick  2019). Moreover, Indonesia's 
absence in the UNEP-CMS Dugong MoU (UNEP-CMS  2019) 
limits opportunities for regional cooperation. Strengthening 
conservation efforts under the National Plan of Action (KKP-
DJPRL 2018), while engaging international frameworks, will be 
essential for safeguarding dugongs across the Indonesian archi-
pelago (Sahri et al. 2020).
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