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Chesterfields (A. duboisii, A. laevis, E. annulatus, H. cog-
geri, H. laboutei, H. peronii, H. platurus), the Entrecasteaux 
atolls exhibit a high sea snake species richness. RUV360s 
appear to sample the diversity of sea snakes more effectively 
than did baited remote underwater video stations (BRUVS) 
within the Great Barrier Reef (which detected only A. laevis, 
H. curtus, H. ocellatus).
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Introduction

Sea snakes species are distributed in tropical and subtropi-
cal areas of the Indo-Pacific, with the greatest diversity in 
the Coral Triangle (Elfes et al. 2013). In a recent review 
of future directions for research on marine snakes, a key 
question identified was “What are the geographic distribu-
tions and boundaries of the species of marine snakes, and 
where are hotspots of biodiversity, endemism and rich-
ness?” (Udyawer et al. 2018). Knowledge about the distri-
bution of sea snake species is useful for several purposes. 
Most notably, these predators can act as bioindicators to 
monitor coral reef ecosystems, which face many threats 
worldwide (Reed et al. 2002; Seret et al. 2008; Rasmus-
sen et al. 2021). Remote atolls might be an important ref-
uge from increasing anthropogenic disturbance, although 
declines in the abundance of sea snakes have occurred at 
such sites (Rasmussen et al. 2021). To address this gap 
in knowledge, we need surveys of a wide array of sites 
at a range of spatial scales. Unfortunately, little informa-
tion is available about snake diversity on remote reefs. 
For example, snakes have not been studied at the Entre-
casteaux atolls, although these atolls occur in a region of 

Abstract  The first survey of sea snakes (Elapidae, 
Hydrophiinae) at the remote Entrecasteaux atolls, Coral Sea, 
was conducted using remote unbaited 360° video cameras 
(RUV360), in 2021. We detected 49 snakes belonging to at 
least six species (Aipysurus duboisii, A. laevis, Hydrophis 
coggeri, H. macdowelli, H. major and H. ornatus) at the two 
largest atolls, Surprise and Huon. Three more are probably 
present (Emydocephalus annulatus, H. peronii, H. platu-
rus), highlighting the richness of these atolls. No snakes 
were detected at neighboring smaller atolls. The lack of sea 
snake observations at the five small atolls may be due to 
the insufficient area of suitable habitat. Compared to assem-
blages sampled using the same method in New Caledonia 
(at Nouméa = A. laevis, E. annulatus, Laticauda sp., H. mac-
dowelli, H. major, H. ornatus; at Touho = A. laevis, H. orna-
tus), and assemblages sampled with different methods at the 
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high sea snake species richness (Brischoux et al. 2012; 
Elfes et al. 2013). The Entrecasteaux atolls are located 
in the northern part of the New Caledonia EEZ (Exclu-
sive economic zone), a large (1.3 million-km2) area that 
became the Coral Sea Natural Park in 2014. This park 
aims to protect biodiversity while permitting sustainable 
economic development, a goal that requires knowledge of 
the biodiversity present. Several animal taxa have been 
surveyed at the Entrecasteaux atolls (Read et al. 2014; 
Juhel et al. 2019; Borsa et al. 2021; Wantiez et al. 2022) 
but sea snakes have been neglected. The only published 
information was a single photograph of Aipysurus laevis, 
in a publication about hermit crabs (Evans et al. 2015).

One reason for a scarcity of detailed information on the 
geographic distribution of sea snake species is that most 
survey methods are expansive and labor-intensive (e.g., 
snorkelling; manta-tows). New technologies offer promis-
ing ways to overcome these problems (Crowe-Riddell et al. 
2019). For example, remote unbaited 360° video sampling 
(RUV360) enables standardized and efficient census of ver-
tebrates over peri-reefal soft bottoms (Mallet et al. 2021a, 
b, 2022). This method allowed us to produce the first list 
of sea snake species at Entrecasteaux atolls. We compare 
our findings to unpublished research at Touho, on the east 
coast of New Caledonia, and Nouméa (Mallet, unpublished 
data, 2021) and to published research from the nearby Ches-
terfields (Minton and  Dunson 1985; Zimmerman et al. 
1994). Finally, we compare RUV360 versus baited remote 

underwater video surveys (BRUVS) (Udyawer et al. 2014) 
for surveying sea snakes.

Methods

Camera stations

The remote unbaited 360° video sampling method (RUV360) 
was selected for this study as it provides a less biased rep-
resentation of vertebrate assemblages than do remote 
underwater video stations that use bait to attract predators 
and scavengers to the camera site (BRUVS). Mallet et al. 
(2021b) demonstrated that RUV360 can provide standard-
ized and efficient censuses of vertebrates over peri-reefal 
soft bottoms. They estimated the optimal duration of camera 
deployment at 17 min. We set up unbaited 360° cameras for 
video census between 30 August 2021 and 10 September 
2021 (i.e., at the end of the cold season), over soft bottoms 
inside Entrecasteaux atolls (see Mallet et al. 2021a, b, 2022). 
Entrecasteaux atolls comprise two large atolls, bearing coral 
cays (Huon and Surprise) and five smaller atolls without 
such cays (Petit Guilbert, Gros Guilbert, Mérite, Pelotas, 
and Portail) (Fig. 1).

Stations on the same atoll were 1.5 km apart, in order 
to optimise sampling effectiveness. About 197 stations 
were deployed successfully (out of 207 attempts): 89 at 
Huon atoll, 73 at Surprise atoll, 12 at Pelotas atoll, 8 at 

Fig. 1   Study site. The Entrecasteaux atolls include seven reef systems North–West of New Caledonia, and within the New Caledonian EEZ 
(Exclusive economic zone) which was declared as the Coral Sea Natural Park in 2014
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Portail atoll, 4 at Mérite atoll, 8 at Gros Guilbert atoll, 
and 3 at Petit Guilbert atoll. Cameras were attached to 
weighted tripods to keep them upright, and were set up 
at depths of 2–50 m. Recordings were made from 0700 
to 1630 h (i.e., over the diel period with sufficient light). 
On each deployment, the camera was turned on immedi-
ately before immersion and allowed to sink to the bottom 
with a rope tied to a buoy. It was set to record for 17 min. 
During that period, the boat went to another one or two 
stations to deploy additional cameras, before returning 
to retrieve the first camera (located via the buoy), and 
moving it to another station. The number of snakes was 
recorded as MaxN: maximum number of individuals of 
the same species appearing at the same time throughout 
the entire video.

Species identification

Videos allow sea snakes to be identified with confidence 
because there are < 15 species in New Caledonia (Ineich 
& Laboute 2002; Ineich 2007; Brischoux et al. 2018) and 
these species differ in body shape (notably, including both 
microcephalic and macrocephalic taxa: see Sanders et al. 
2013) and markings. Species were identified using rele-
vant publications (Ineich & Laboute 2002; Cogger 2018). 
In the discussion below, we use current generic names, 
some of which differ from those used in earlier reports.

Results and discussion

Of the 197 stations in which cameras were deployed success-
fully, 39 (19.8%) recorded at least one snake. This is similar 
to the proportion of deployments that recorded snakes in a 
BRUVS study from the Great Barrier Reef (19%: Udyawer 
et al. 2014). We recorded a total of 49 snakes, of which nine 
(18.3%) could not be identified to species level. Six species 
of sea snakes were identified at Huon and Surprise atolls, 
but no snakes were recorded on the 35 stations at smaller 
atolls (Fig. 2). The lack of observations of sea snakes at 
the small atolls may be due to insufficient sampling effort 
or (more likely) to an inadequate area of suitable habitat to 
support population persistence. Sea snakes were detected 
more frequently at the Entrecasteaux atolls that in the other 
sites sampled to date with the same method. In the New Cal-
edonia lagoon, sea snakes were recorded in 12.5 and 6.5% 
of the stations off Nouméa and Touho (Fig. 1), respectively 
(Mallet et al. unpublished data 2020, 2021a, b).

The list of species observed at the Entrecasteaux atolls 
can be compared with published data from the Chester-
fields. These larger systems are similar and geographically 
close to Entrecasteaux atolls, and are also within the Coral 
Sea Natural Park (Fig. 2). At the Entrecasteaux atolls and 
in the Chesterfields, 10 species of sea snakes have been 
recorded (Table 1), but only four of them are common to 
both reef systems. These differences may reflect the differ-
ence of methods used (videos in our study versus snorkel-
ling, manta-board, scuba diving and netting from a boat in 
other studies).

Fig. 2   The locations of 
deployments of RUV360 sta-
tions within the Entrecasteaux 
atolls. Colored points represent 
recorded observations of sea 
snake species within Huon 
and Surprise lagoons. Stations 
with more than one species are 
represented by a pie chart of the 
different species recorded
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The unbaited cameras also gave us the opportunity to 
record behavior of sea snakes that was not modified by the 
presence of human beings or predators (i.e., sharks) attracted 
by a bait, because our cameras were set up to function in 
the absence of divers or bait. Nevertheless, sea snakes are 
notoriously curious, often approaching novel objects (Ineich 
& Laboute 2002) and in the current study, snakes often 
investigated the camera, facilitating species identification. 
Observed behaviors are listed in Table 2. Some snakes 
exhibited more than one behavior during the recording 
period. 75.5% of the sea snakes that we recorded swam near 
the bottom, as expected because all species of sea snakes 
except Hydrophis platurus feed on benthic prey (Sanders 
et al. 2013). A video of each species is available as Supple-
mentary Information.

Sea Kraits (Laticauda spp.) were not seen in our videos. 
That result is unsurprising, because these amphibious spe-
cies were not recorded as part of the terrestrial herpetofauna 
of Surprise Island (the only nearby land mass, the cay at 
Huon atoll is only a few meters wide: Bauer et al. 1992; Caut 
et al. 2008). Sea Kraits are not known from the Chesterfields 
either.

Turtle-headed Sea Snakes (Emydocephalus annulatus) 
were not identified with confidence from the videos, but 
some of the unidentified small dark-colored snakes may 
be E. annulatus. Indeed, individuals of this species were 
photographed around coral bommies at Huon atoll in 2019 
(A. Aupetit pers. com., see https://​www.​inatu​ralist.​org/​obser​
vatio​ns/​11604​4037 to 116044043). In the Chesterfields, 
Minton and Dunson (1985) saw E. annulatus and Zimmer-
man et al. (1994) described this species as the most com-
monly encountered. Living mostly on coral reefs (Goiran 
et al. 2020), E. annulatus can easily be missed by cameras 
set up on soft bottom substrates such as in the present study.

Reef Shallows Sea Snakes (Aipysurus duboisii) were pre-
sent at Surprise atoll. We recorded two pairs of A. duboisii, 
one snake following the other, apparently engaged in court-
ship. One pair was swimming horizontally mid-water over a 
22 m deep sandy bottom, an unusual habitat for this shallow-
reef snake (see video in Supplementary Information). Min-
ton and Dunson (1985) saw A. duboisii in the Chesterfields.

Olive Sea Snakes (A. laevis) were the most abundant sea 
snakes on our videos. Being curious, they frequently inves-
tigated the cameras. They also were seen in the Chesterfields 
by Minton and Dunson (1985), and were reported to be the 
second most abundant sea snakes there (Zimmerman et al. 
1994).

Cogger’s Sea Snake (Hydrophis coggeri) was the sec-
ond-most-often recorded sea snake species in our surveys 
of the Entrecasteaux atolls. Minton and Dunson (1985) do 
not mention this species in the Chesterfields. However, that 
situation likely reflects identification issues. They mention 
a species of Hydrophis that resembles H. melanocephalus, 
a species found only in Vietnam, China, Taiwan and Japan 
(Sanders et al. 2013). The specimens collected by Minton 
and his colleagues were deposited in the Field Museum at 
Chicago, and were later identified as H. coggeri (catalogue 
#s 224,286–8, 2,053,694–6). Thus, the two unidentified 
Hydrophis mentioned by Zimmerman et al. (1994) were 
probably also H. coggeri.

Table 1   Recorded sightings of species of sea snakes at Entrecasteaux 
atolls and in the Chesterfields. + : present, − : absent

Species Entrecasteaux Chesterfields

Aipysurus duboisii  +   + 
Aipysurus laevis  +   + 
Emydocephalus annulatus  +   + 
Hydrophis coggeri  +   + 
Hydrophis laboutei  −   + 
Hydrophis macdowelli  +   − 
Hydrophis major  +   − 
Hydrophis ornatus  +   − 
Hydrophis peronii  −   + 
Hydrophis platurus  −   + 

Table 2   Summary of species 
and behaviors recorded on 39 
RUV360 cameras at Huon and 
Surprise atolls

MaxN: Maximum number of individuals of the same species appearing at the same time throughout the 
entire video. Some snakes were observed engaging in multiple behaviors

Species MaxN Courtship Swim 
near bot-
tom

Swim mid-
water (hori-
zontal)

Vertical 
move-
ments

Inves-
tigate 
camera

Depth (m)

Aipysurus duboisii 4 4 2 2 0 0 9 − 22
Aipysurus laevis 17 4 13 0 0 5 22 − 49
Hydrophis coggeri 11 0 10 0 2 1 15 − 46
Hydrophis macdowelli 3 0 2 0 1 0 36 − 46
Hydrophis major 2 0 1 0 0 1 37 − 43
Hydrophis ornatus 3 0 2 0 0 2 29 − 37
unidentified 9 0 7 1 1 0 9 − 38
Total 49 8 37 3 4 9 9 − 49

https://www.inaturalist.org/observations/116044037
https://www.inaturalist.org/observations/116044037
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McDowell’s Sea Snakes (Hydrophis macdowelli) were 
recorded at Huon and Surprise atolls. This species is 
described as highly wary (Ineich & Laboute 2002), but 
the specimen recorded at Huon atoll behaved in a relaxed 
way, showing the advantages of the unbaited video survey 
(see video in Supplementary Information). It has not been 
recorded in the Chesterfields.

Greater Sea Snakes (Hydrophis major) were recorded at 
Huon and Surprise atolls. They were not seen in the Ches-
terfields by Minton and Dunson (1985) nor by Zimmerman 
et al. (1994). Feeding exclusively on striped catfish Plotosus 
lineatus (Shine et al. 2019), these sea snakes are indicators 
of the presence of P. lineatus at these atolls, although this 
cryptic species is not included in the published species-list 
for fishes of the Entrecasteaux atolls (Wantiez et al. 2022).

Ornate Reef Sea Snakes (Hydrophis ornatus) were 
recorded at Huon atoll. The taxonomy and nomenclature of 
this species is currently under revision, so the snakes listed 
here under this name may soon be redescribed. In general 
appearance, the snakes seen in videos resemble those seen 
in the waters off Noumea: pale with grey bands extending 
halfway down the flanks (see https://​www.​inatu​ralist.​org/​
obser​vatio​ns/​10599​8451).

Horned Sea Snakes (Hydrophis peronii) were not 
recorded at the Entrecasteaux atolls. Known for foraging 
on soft bottom habitats (Ineich & Laboute 2002), H. pero-
nii may live in the lagoons that we surveyed but remained 
unseen. The method we used detects only moving snakes. 
A pale snake, lying in ambush at the entrance of a goby’s 
burrow (as is typical for our observations of this species in 
the Noumea region: R. Shine, pers. obs. and C. Goiran, pers. 
obs.; see https://​www.​inatu​ralist.​org/​obser​vatio​ns/​10575​
9087) is likely to remain unnoticed on videos. Therefore, 
we cannot exclude the presence of this species at the Entre-
casteaux atolls. It was seen in the Chesterfields by Minton 
and Dunson (1985) and by Zimmerman et al. (1994).

Yellow-Bellied Sea Snakes (Hydrophis platurus) were not 
seen on our videos. Again, observability may be low because 
of our methodology. This species is pelagic, drifting at the 
sea surface (Ineich & Laboute 2002) and thus is unlikely 
to be seen on videos taken near the sea floor. The Entreca-
steaux atolls are well within the wide geographic range of 
this species, so it will almost certainly be found in targeted 
surveys. It was recorded by Minton and Dunson (1985) and 
Zimmerman et al. (1994) in the Chesterfields.

More generally, the species detected by surveys in remote 
sites will depend upon the methods employed. For example, 
adding bait to underwater stations (baited remote underwa-
ter video stations, = BRUVS) may yield results different 
from those obtained when using unbaited stations. Data 
from 2,471 BRUVS deployments within the Great Barrier 
Reef Marine Park revealed the presence of sea snakes in 
19% of the videos (Udyawer et al. 2014), but the 572 sea 

snakes recorded comprised only three identified species: 
Aipysurus laevis (77%), Hydrophis curtus (9%), and H. 
ocellatus (8%). The remaining 6% could not be identified. 
The region in which the cameras were deployed is home to 
about 16 species (Elfes et al. 2013), suggesting that large 
teleosts and sharks that were attracted to bait stations may 
have dissuaded other sea snake species from approaching the 
BRUVS, with sightings of sea snakes biased towards larger-
bodied or generalist species. Therefore, unbaited systems 
such as our remote unbaited 360°video sampling method 
(RUV360) may sample the diversity of sea snakes more 
effectively than is possible with baited systems. Sea snakes 
are not the only group efficiently surveyed with RUV360. 
The pilot study demonstrated that this method is efficient 
for monitoring fish assemblages and soft bottom habitats at 
the same time (Mallet et al. 2021b).

Conclusion

Sea snakes were abundant on the previously unsurveyed 
Entrecasteaux atolls, appearing in 19.8% of our videos. We 
confirmed the presence of six species (Aipysurus duboisii, 
A. laevis, Hydrophis coggeri, H. macdowelli, H. major, and 
H. ornatus) and at least three more species are likely to 
be present (Emydocephalus annulatus, H. peronii, and H. 
platurus). Therefore, the Entrecasteaux atolls seem to host 
a rich diversity of sea snakes, consistent with the assem-
blage identified from the Chesterfields. The lack of records 
of snakes at five small atolls suggests that these atolls do not 
offer sufficient area of suitable habitat for sea snakes. Our 
study also demonstrated the value of the unbaited 360°video 
sampling method (RUV360) for surveys of the health of soft 
bottom habitats. We recommend the use of RUV360 for 
long-term follow-up studies of soft bottom habitats, together 
with visual census of coral reefs at the Entrecasteaux atolls 
and other parts of Coral Sea Natural Park, in particular the 
Chesterfields.
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