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Video surveys of sea snakes in
the mesophotic zone shed light
on trends in populations
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Declines in abundance of sea snakes have been observed on reefs throughout the

Indo-Pacific, although the reasons are unknown. To date, surveys have occurred

on shallow reefs, despite sea snakes occurring over a large depth range. It is not

known if populations of sea snakes in deep habitats have undergone similar

declines. To address this, we analysed deep-water video data from a historical

hotspot of sea snake diversity, Ashmore Reef, in 2004, 2016, and 2021. We

collected 288 hours of video using baited remote underwater videos and a

remotely operated vehicle at depths between 13 and 112 m. We observed 80

individuals of seven specieswith Aipysurus laevis (n=30),Hydrophis peronii (n=8),

andH. ocellatus (n= 6) being themost abundant. Five of the species (A. duboisii, A.

apraefrontalis, H. ocellatus, H. kingii, and Emydocephalus orarius) had not been

reported in shallow waters for a decade prior to our study. We found no evidence

of a decline in sea snakes across years in deep-water surveys, although

abundances were lower than those in early shallow-water surveys. A

comparison of BRUVS data from 2004 and 2016 was consistent with the

hypothesis that predation by sharks may have contributed to the loss of sea

snakes in shallow habitats. Our study highlights the use of underwater video to

collect information on sea snakes in the mesophotic zone and also suggests that

future monitoring should include these depths in order to capture a more

complete representation of habitats occupied.
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Introduction

Sea snakes are the most speciose group of marine reptiles

(~70 known species) (Rasmussen et al., 2014). They play a key

ecological role in the systems they inhabit both as mesopredators

and prey (Shine et al., 2020). Sea snakes are economically

important in several parts of the world where they are

harvested for leather, meat, and traditional medicine (Zhou

and Jiang, 2004). Although the taxonomy and phylogenetics of

this group of species has received considerable attention in the

recent past (e.g., Sanders et al., 2013; Rasmussen et al., 2014), our

understanding of the distributions and ecology of sea snakes is

based primarily on surveys in shallow waters (mostly <15 m)

(See review by Lukoschek et al., 2013). Recent observations of

these animals in localities (Park et al., 2017) and at depths

(Crowe-Riddell et al., 2019) that were previously thought to be

beyond habitable ranges have occurred due to expansion of

sampling to isolated areas and the use of new, remotely-operated

technologies to access relatively deep waters. These studies

challenge traditional views of the biogeography, ecology and

physiology of sea snakes, and highlight several key knowledge

gaps in their biology (Bonnet et al., 2016). This point is further

emphasised by the fact that more than one third of the species of

sea snakes are currently categorised by the International Union

for the Conservation of Nature (IUCN) Red List as Data

Deficient (Elfes et al., 2013).

A number of recent studies suggest that sea snakes have

undergone declines in some areas of the Indo-Pacific including

the Great Barrier Reef (Lukoschek et al., 2007), New Caledonia

(Goiran and Shine, 2013), and the Timor Sea (Lukoschek et al.,

2013). Once recognised as a global hotspot for sea snake

diversity and abundance, Ashmore Reef in north-western

Australia has seen a dramatic decline in both the diversity and

abundance of sea snakes within shallow waters over the last two

decades, beginning in c. 2000 (Lukoschek et al., 2013;

Somaweera et al., 2021). These observations are of particular

concern, as some sea snakes have now disappeared from ranges

that were largely restricted to the region of this reef. Species such

as Aipysurus apraefrontalis and A. foliosquama that were once

commonly observed at Ashmore are now categorised as

Critically Endangered by the Environment Protection and

Biodiversity Conservation (EPBC) Act. Similarly, A. fuscus

which was also once abundant at this reef, is now categorised

as Endangered by the IUCN (Udyawer et al., 2020). Although

the exact reason for these declines is not known, Somaweera

et al. (2021) outlined a number of possibilities including

environmental disturbances, increased maritime activity, and a

change in trophic structure of predators (sharks and large

teleost mesopredators).

Surveys of sea snakes at Ashmore Reef and most other

localities have typically occurred in shallow water and rely on

diver-based or surface-based observations (but see Redfield et al.,

1978; Udyawer et al., 2014). Given our improved understanding
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and developing knowledge of the depth range sea snakes occupy

(0 – 250 m), it is important to determine if declines have

occurred across the entire reef system or if deep habitats may

still provide refuges for sea snakes. Sampling surveys that have

used Baited Remote Underwater Video Stations (BRUVS) and a

recent Remotely Operated Vehicle (ROV) survey of mesophotic

habitats (> 50 m) offer an opportunity to examine patterns in the

distribution and abundance of sea snakes across depth gradients

at Ashmore Reef. BRUVS record abundances and behaviours of

animals that are attracted to a bait bag. This technique is also

used to sample reefs to depths beyond the range of SCUBA

divers and collect a permanent video record of communities and

the habitat where they were deployed (Ellis and Demartini, 1995;

Langlois et al., 2020). Sea snakes are known to be attracted to the

bait bag and are readily recorded by BRUVS (Udyawer et al.,

2014). Surveys using ROV are becoming more common in the

marine environment, although they are generally used to assess

structural integrity of offshore structures used by oil and gas,

with footage later repurposed to document fish and benthic life

associated with the structures (e.g., Mclean et al., 2017). The

artificial lighting, sound, and size of ROVs have been shown to

influence fish behaviour (Stoner et al., 2008; Sward et al., 2019),

although the effects on sea snake behaviour are unknown.

Combined, BRUVS and ROVs could offer an effective means

to determine species composition and abundance of sea snakes

in deep-water habitats.

Here, we compare sightings of sea snakes on BRUVS surveys

collected in 2004 and 2016 and a ROV survey in 2021 at

Ashmore Reef. These video surveys encompass a period

following a significant decline in abundance and diversity of

sea snakes in shallow waters (Somaweera et al., 2021).

Furthermore, our surveys span a time period over which there

was a recovery of shark populations at the reef and subsequent

changes in mesopredatory fish communities (Speed et al., 2018;

Speed et al., 2019). We contrast observations of sighting of sea

snakes in deep-water video surveys (mean depths > 70 m), with

visual surveys in shallow water (mean depth < 15 m) (e.g.,

Lukoschek et al., 2013; Somaweera et al., 2021).
Methods

Two video survey methods were used to collect information

on sea snake abundance, which were Baited Remote Video

Stations (BRUVS) and a Remotely Operated Vehicle (ROV).

The original focus of the BRUVS surveys was to collect

information on fish and shark communities, while the ROV

survey focused on benthic mesophotic communities. BRUVS

consist of digital cameras in underwater housings attached to a

metal frame with a bait bag on an arm that are deployed for at

least 60 minutes on the reef. The units did not contain any

artificial lighting. BRUVS were deployed at Ashmore Reef in

October 2004 (austral spring), primarily focussed on assessing
frontiersin.org
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shark stocks in the region (Meekan and Cappo, 2004). A second

BRUVS survey in January 2016 (austral summer) also focused

on reef sharks (Speed et al., 2018), as part of the Global FinPrint

Project (https://globalfinprint.org/), although other large

predatory teleost species were also targeted (Speed et al.,

2019). Both surveys deployed BRUVS during daylight hours,

with replicate units spaced > 400 m apart on the reef for > 60-

minute periods. Bait bags were filled with 1 kg of pilchards

(Sardinops spp). Depth of deployments in 2004 ranged between

13 – 58 m, and between 4 – 41 m depths in 2016 (For more

details on deployments see Meekan and Cappo, 2004; Speed

et al., 2018).

The second survey method using a ROV surveyed the

mesophotic reefs around Ashmore (> 50 m depths) in April

2021 (austral autumn). The Schmidt Ocean Institute ROV

SuBastian with the dimensions 2.7 x 2.2 x 1.8 m, and a top

speed of 3 knots, was fitted with 4k UHD 2160 p video capability

and auxiliary cameras on each side, as well as spot (28,000 lm),

flood (8,500 lm), and strobe lights (100,000 lm) for illumination.

ROV transect surveys spanned the 50-150m depth contours

along the reef edge during daylight hours (6 am – 6 pm) over a

14-day period. Transects at 50 m, 100m, and 150m depth

contours were done each day, with additional opportunistic

surveys to collect invertebrates for a concurrent project being

done over a larger depth range (30m – 150m).

We manually extracted screen captures and video clips of sea

snake sightings on BRUVS and ROV footage that were reviewed

to identify animals to species where possible by two of the

authors (RS & VU) working independently. Where there was no

consensus on species identification, or the image quality was not

adequate to accurately identify an individual, it was listed

as ‘Unidentified’.

To compare the spatial distribution of sightings of sea snakes

in shallow-water at Ashmore Reef with the deep-water video

records presented here, we collated previous records from the

Atlas of Living Australia (https://www.ala.org.au/) (ALA, 2021).

Shallow-water visual surveys at Ashmore Reef included: Scuba,

manta tow, reef walking, boat surveys, and snorkelling (see

Somaweera et al., 2021). We compared the differences in depth

and horizontal spatial scales of shallow and deep-water surveys

and distance of sightings from the reef was calculated using the

‘Generate Near Table’ function in ArcGIS, where distance

measures were geodesic. We also compared temporal

abundance records of sea snakes from shallow-water surveys

at Ashmore Reef presented by Lukoschek et al. (2013) and

Somaweera et al. (2021) with the deep water records collected

using BRUVS and ROV in the present study.

We compared the results of BRUVS surveys in 2004 and

2016 to test the hypothesis that the recovery of populations of

top order predators such as sharks led to the decline of sea

snakes in shallow and deep-water habitats. We partition

observations of sea snakes and sharks into ‘shallow’, which

incorporates the depth range that previous shallow-water
Frontiers in Marine Science 03
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observations between 30 – 60 m. Abundances of sea snakes and

reef sharks were compared between time periods and depth bins

(shallow and deep) using Poisson Generalised Linear Models

(GLM). Model residuals were then plotted against fitted values to

assess whether model assumptions were met (Zuur et al., 2007).
Results

Temporal sampling comparison

A total of 46 BRUVS were deployed around Ashmore Reef in

2004 (50.35 hours of video total) and 89 in 2016 (90.07 hours

total). A ROV was deployed 14 times in 2021 (148 hours total)

(Figure 1). The depth range of deep-water surveys reported here

varied among survey type and year. In both the 2004 and 2016

surveys > 40% of deployments were below 30 m depth. Average

maximum sampling depths differed between shallow-water

visual surveys (14 ± 1.4 m SE) and deep-water video surveys

(BRUVS & ROV surveys, 73 ± 19 m SE) (Supplementary

Figure 1). ROV surveys in deep-water overlapped to a small

extent with previous visual surveys in shallow water. The mean

spatial separation from the reef edge of shallow and deep-water

observations were significantly different at 0.29 km ± 0.04 SE and

7.4 km ± 0.49 SE respectively (Supplementary Figure 2).
Snake observations

BRUVS deployments in 2004 identified sea snakes at depths

between 13 – 58 m with a mean depth of 34 m (± 3.9 m SE).

Snakes were observed across a more restricted depth range using

BRUVS in 2016 (between 30-34 m), although had a comparable

mean depth of 32 m (± 0.7 m). The ROV deployments in 2021

observed sea snakes at much greater depths ranging from 37 to

112 m with a mean of 65 m (± 2.9 m). The deepest observation

was an individual of Hydrophis ocellatus at 112 m.

A total of 80 sightings of sea snakes were recorded in deep

water, of which 70 were identified to species or genus level

(Table 1), the remaining 10 observations were labelled as

‘Unidentified’ due to poor image quality. Of the total sightings,

60 were detected on the 2021 survey. When accounting for

sampling effort, sightings of sea snakes across surveys varied

from 0.3 hr-1 in 2004 to 0.06 hr-1 in 2016, to 0.4 hr-1 in 2021

(Figure 2A). All sightings in deep water surveys were lower than

those in the historical peak of sea snake sightings in shallow

water of 60 hr-1 in 1998 (Figure 2B).

The most abundant species were Aipysurus laevis (n = 30),

Hydrophis peronii (n = 8), and H. ocellatus (n = 6). Five of the

species observed in 2021 were “re-discoveries” of species for

Ashmore Reef, these included A. duboisii, A. apraefrontalis, H.

ocellatus, H. kingii, and Emydocephalus orarius (Figure 3).
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The results from the Poisson GLM indicated that there were

significant increases in the relative abundance of reef sharks and

decreases in relative abundance of sea snakes between the 2004

and 2016 BRUVS surveys (Supplementary Table 1 & Figure 4).

Depth bin (shallow vs deep) was not a significant term in either

shark or snake models, nor was there an interaction between

year and depth bin. The relative increase in shark numbers

between surveys was an increase by a factor of 2.3 in 0-30m and

2.2 in the 30-60m. The relative decrease observed in sea snake

numbers between surveys equated to a decrease by a factor of

15.7 in 0-30m and 3.3 in 30-60m.
Discussion

Our deep-water video surveys provide evidence of the

persistence of species of sea snake that have not been seen in

shallow water surveys for decades at Ashmore Reef, which was
Frontiers in Marine Science 04
once a global hotspot of diversity and abundance for this marine

predator guild. These “re-discoveries” of species in deep water

suggest a possible refuge, although the relatively low abundances

give cause for alarm for their long-term persistence. Of

particular note from the ROV survey was the observation of

the critically endangered species A. apraefrontalis. This species

has undergone a decline in abundance of 90% or more of

individuals since 2000 at Ashmore (Guinea, 2007) with the last

confirmed sighting during a reef flat survey in 1998 (Guinea and

Whiting, 2005). Due to the depth limitations of previous surveys,

the habitat preference of this species was presumed to be within

shallow waters (< 10 m) of the inner lagoon of Ashmore Reef

(Mccosker, 1975; Minton and Heatwole, 1975). Similarly, other

species such as A. duboisii, and H. ocellatus have not been

observed at Ashmore Reef since the early 1970s (Lukoschek

et al., 2013), whereas H. kingii and E. orarius (previously E.

annulatus), the latter which have not been recorded since the

mid-2000s. The re-sightings of these five species confirm that
FIGURE 1

Sea snake sightings in and around Ashmore Reef. The deep-water video surveys in 2004 and 2016 were done using BRUVS, whereas the 2021
survey used an ROV. Shallow-water visual survey data downloaded from Atlas of Living Australia; occurrence download at https://doi.ala.org.au/
doi/8b85f7f1-8ba7-40fe-a69c-6c48f5f45962;jsessionid=4A9BACF61A47968B6A7B1E2738C05DBF, Accessed September 2021. Thick blue line
denotes the reef edge and shaded area includes shallow coral Reef habitats.
frontiersin.org
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TABLE 1 Sea snake taxa identified at Ashmore Reef using BRUVS surveys in 2004 and 2016, and a ROV survey in 2021.

Taxa Depth bin BRUVS ROV Total

2004 2016 2021

Aipysurus apraefrontalis 60-100 1 1

Aipysurus duboisii 40-60 3 3

Aipysurus laevis* <20 1 1

20-40 4 2 2 8

40-60 2 15 17

60-100 10 10

>100 3 3

Emydocephalus orarius 20-40 1 1

Hydrophis coggeri 20-40 1 1 2

40-60 1 3 4

Hydrophis ocellatus 40-60 2 2

>100 4 4

Hydrophis kingii 40-60 1 1

Hydrophis peronii* 40-60 1 4 5

60-100 3 3

Hydrophis sp 20-40 1 2 3

40-60 2 2

Unidentified 20-40 3 3

40-60 2 5 7

Grand Total 15 5 59 80
Frontiers in Marine Science
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*These species were also seen in shallow-water surveys done in 2005, along with A. fuscus and E. orarius, and A. stokesii (Guinea, 2006).
FIGURE 2

(A) Sea snake sightings per hour at Ashmore Reef between 2004 and 2021. Deep-water video observations were made by BRUVS in 2004 and
2016 and ROV in 2021. (B) Historical shallow-water observations of sea snakes recorded per hour at Ashmore Reef since the 1994 (redrawn
from Somaweera et al., 2021). Diver image courtesy of the Integration and Application Network, University of Maryland Center for Environmental
Science (ian.umces.edu/symbols/).
sin.org
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localised extinctions have not occurred over the past decades,

although their absence on shallow-water surveys is concerning,

as are the low abundances observed in deep water. The most

common species of sea snake observed on the BRUVS and ROV

surveys at Ashmore Reef was A. laevis, which is also the most

common species sighted in shallow-water at Ashmore, and the

most common species found in mesophotic habitats on other

reefs and shoals in the region, including Scott Reef, Glomar

Shoal, and Rankin Bank (AIMS unpublished data; Guinea, 2013;

D’anastasi et al., 2016; Udyawer and Heupel, 2017).

Shallow-water visual surveys from 1972 to 2019 show a

striking decline in sea snakes at Ashmore beginning around ca.

2000 (Lukoschek et al., 2013). Our limited BRUVS surveys
Frontiers in Marine Science 06
support the idea that this also occurred in deep water between

2004 and 2016. However, it is likely that mesophotic waters act

as a refuge for sea snakes, as has been suggested for a number of

species of fishes (Thomas et al., 2015; Lindfield et al., 2016;

Macdonald et al., 2016), particularly those of larger size classes

(Williams et al., 2019). There are extensive deep-water habitats

around Ashmore Reef (< 100 m in depth), which occur on the

north and east sides of the reef (Berry, 1993). These seem to

provide suitable habitat for sea snakes and were the locations

where the majority of observations of sea snakes were made by

video surveys. There is also the possibility that detectability of

sea snakes varies with depth, which could be related to changes

in foraging, resting, and predator avoidance in low light levels
FIGURE 3

Photographs of sea snakes obtained during the ROV survey at Ashmore Reef in 2021. (A) Aipysurus apraefrontalis, (B) Aipysurus duboisii,
(C) Emydocephalus orarius, (D) Hydrophis coggeri, (E) Aipysurus laevis (colour variations), (F) Hydrophis ocellatus, (G) Hydrophis kingii,
and (H) Hydrophis peronii (with closeup of head).
frontiersin.org
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(e.g., Rickel and Genin, 2005), or changes due to habitat

complexity, as have been observed in species of fish (Hixon,

2015). To test hypotheses of sea snake detectability, it would be

necessary to sample across a wider range of shallow and

mesophotic depths with consistent remote video techniques

such as ROV or BRUVS.

BRUVS data collected in 2004 and 2016 provides support for

the hypothesis that the decline in sea snake abundances at

Ashmore Reef may have been influenced by a recovery of top-

order predators. Over this time the numbers of reef sharks in

shallow and deep habitats more than doubled, whereas numbers

of sea snakes seen in the same videos declined by 15-fold in 0-30

m depths and more than double in 30-60 m depths. Sea snakes

are known to be part of the diet of reef sharks and apex sharks

(Lyle, 1987; Simpfendorfer et al., 2001) and such a decline is

consistent with other studies that show an increase in the

abundance of sharks can lead to changes in abundance and

composition of mesopredatory fishes (Speed et al., 2018; Speed

et al., 2019), rays (Bond et al., 2019), and moray eels (Clementi
Frontiers in Marine Science 07
et al., 2021). Targeted shark fishing by Indonesian fishers to

supply the trade in banquet foods (shark fin soup) has a

centuries-old history at Ashmore Reef and shark populations

have recovered since the 2000s due to better enforcement of

marine park regulations that have established a no-take

management zone at the reef (Speed et al., 2018; Meekan

et al., 2020). If the decline in abundances of sea snakes was

indeed driven by the recovery of top-order predators, it

seems possible therefore that the large numbers of sea

snakes recorded in this locality in early years of surveys may

have been driven by the suppression of predation by targeted

fishing of sharks. It must be acknowledged here that the

numbers of sea snakes recorded in shallow-water surveys,

prior to any BRUVS surveys being done, had considerable

variation between samples, although indicated an overall

decline. This variation may have been due to a number

of potential biological drivers, environmental conditions,

or other anthropogenic impacts that are not immediately

evident (Although see Somaweera et al., 2021). Given

that historical baseline data on sea snakes prior to the impacts

of fishing in this location do not exist, it’s difficult to assess

whether these high numbers of sea snakes were representative

of natural baselines, or a potential artefact of reduced

predation pressure through targeted fishing of known

predators of sea snakes.

Why more sea snakes now occur in deep than shallow waters

in the most recent surveys at Ashmore Reef remains unknown,

although this is again consistent with the distribution of top-

order predators, which are present in significantly greater

numbers in shallow waters. BRUVS data suggested that there

has been a decline in abundance of sea snakes between 2004 and

2016 in both shallow and deep water, but this pattern could not

be confirmed with ROV data as we lacked any sampling using

this technique prior to 2021. In any event, it may be difficult to

compare abundances between these techniques given that

BRUVS are stationary, have a fixed view once deployed and

have baits that are likely to attract sea snakes. Future surveys

may also consider the use of molecular techniques such as

environmental DNA (eDNA), which may assist in confirming

the presence of rare species that may otherwise go undetected by

techniques such as BRUVS. In contrast to BRUVS, ROVs are

mobile and have a changing field of view, and cover a larger area

in transects, which arguably could increase the probability of

detecting species. The lights and noise of the ROVmay have also

had an effect on the species and how many individuals were

detected (Schramm et al., 2020). Additionally, the ROV sampled

deeper water than BRUVS, with maximum depths of 112 and 58

m for the two techniques respectively. Nevertheless, the presence

of sea snakes across surveys in deep water is a positive indication

of species persistence, albeit in low numbers compared to

sightings in shallow waters in early surveys.

The possibility exists that the snakes observed in deep water

around Ashmore Reef constitute separate populations to those
A

B

FIGURE 4

Mean hourly observations collected using BRUVS at Ashmore
Reef by shallow (< 30 m) and deep (30 – 60 m) habitats for (A)
reef sharks and (B) sea snakes.
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that had declined in shallow-water habitats. For example, a

previous study of the genetics of A. apraefrontalis populations

across the North West Shelf of Australia identified genetic and

morphological differences between specimens collected in shallow

waters at Ashmore Reef and coastal populations in Exmouth Gulf

(Sanders et al., 2015). Preliminary assessments of A. apraefrontalis

from the deep-water ROV surveys in 2021 suggest the specimen

sighted had morphological differences to individuals of the same

species in shallow water, although genetic samples are required to

confirm if these deep-water animals form a distinct population.

Our re-discoveries of species at Ashmore Reef also highlight

the importance of spatial scale of sampling and design of surveys

for marine fauna, which can be problematic when little

information is known about depth and habitat use of target

species. Observations of sea snakes in deep-water video surveys

occurred at a greater distance from the edge of the reef slope than

previous shallow-water surveys (Supplementary Figure 2),

suggesting an importance or reliance on inter-reef habitat by

some of these species. Indeed, a tracking study of A. laevis

indicated frequent use of areas of non-continuous reef and

foraging in areas of sand that intersect with coral or rock

(Burns and Heatwole, 1998). Other studies of habitat use of

Emydocephalus annulatus also showed a preference for coral

rubble, when compared to coral, rock, or sand habitats (Shine

et al., 2003; D’anastasi et al., 2016). Ideally, deep-water sampling

should be incorporated into long-term surveys of sea snakes to

ensure a more complete representation of distribution and status.

Whereas previous surveys using BRUVS have reported on sea

snake abundance and distribution (e.g., Cappo et al., 2011;

Heyward et al., 2012; Udyawer et al., 2014; Moore et al., 2017;

Bouchet et al., 2020; Mclean et al., 2021), there have been

comparatively few studies that have made use of ROV footage

for this purpose (but see Crowe-Riddell et al., 2019). ROVs are

used in the maintenance and operation of offshore oil and gas

structures (Mclean et al., 2017) and provide a potentially effective

method to collect data on the vertical habitat use of sea snakes

where this industry occurs. Personal field observations by two of

the authors (KM and NGW) suggest that the ROV seemed to have

caused undetectable or very minimal disturbance to the behaviour

of sea snakes. In combination with the high-definition camera

system of the ROV, this enabled accurate identification of sea

snakes, even at a distance of several meters from the camera. Such

identifications were not always possible with footage obtained

from BRUVS (e.g., Supplementary Figure 3). In summary, while

there are limitations, both BRUVS and ROV survey methods have

capabilities for observing and monitoring sea snake populations in

habitats that are otherwise very difficult or impossible to access

using other methods of visual survey.
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Conclusion

Declines of sea snakes in the shallow waters at Ashmore

Reef, once considered a global hotspot of sea snake diversity

and abundance, have prompted concern for the persistence of

some species. Our video surveys in the deep waters

surrounding Ashmore Reef documented the presence of

species that had not been recorded for over a decade during

shallow-water sampling and show that these sea snakes still

persist in these deep habitats, albeit at abundances that were

well below those recorded in early surveys in shallow water.

BRUVS surveys in 2004 and 2016 suggest that the recovery of

populations of sharks and top-order teleosts may have been

responsible for the decline in numbers of sea snakes in shallow

habitats at Ashmore Reef, although additional sampling is

required to confirm our hypothesis. Our observations show

that deep-water and inter-reef habitats should be included in

surveys to accurately assess population status of sea snakes.

BRUVS and ROV techniques provide a practical means to

achieve this goal.
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