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Abstract

Marine snakes in the Family Elapidae are key mesopredators in tropical and subtropical Indo-Pacific
ecosystems. While some species have been recorded in the mesophotic zone (30—150 m) and in even
deeper water, such observations remain rare and limit our understanding of habitat use and the
ecological role of these snakes. We present 15 observations of marine elapids at depths > 50 m in the
Ryukyu Islands of southwestern Japan, obtained through rebreather diving and remotely operated
vehicles. Black-banded Sea Kraits (Laticauda semifasciata) were observed at depths of 50-112 m
across both hard and soft substrates (n=13), and one Blue-lipped Sea Krait (L. /aticaudata) was
observed at 122 m depth. Four of the observed L. semifasciata exhibited foraging behavior. Additionally,
one Ornate Reef Sea Snake (Hydrophis ornatus) was recorded at 95 m. These represent the deepest
known records for all three species. As benthic foragers, these marine elapids may play a role in nutrient
transfer between deep and shallow habitats. Furthermore, deep-water environments may serve as
foraging refugia, offering protection from predators such as sharks, as well as the impacts of marine
heatwaves and coastal development.

Introduction

Snakes of the family Elapidae include two major clades that have independently colonized the marine
environment: sea kraits (genus Laticauda) and sea snakes in the subfamily Hydrophiinae. Sea kraits are
oviparous and periodically return to land for digestion, mating, and oviposition, while sea snakes are
viviparous and fully aquatic. Both groups have a convergently evolved paddle-shaped tail that enhances
swimming, and exhibit various morphological and physiological adaptations to the marine environment.
These marine elapids play crucial roles as mesopredators in tropical and subtropical coastal marine
ecosystems in the Indo-Pacific (Voris and Voris 1983; Heatwole 1999). Furthermore, many marine
elapids prey on rare or cryptic fish such as eels and gobies, and have the potential as bioindicators to
help monitor the effects of climate change and habitat change on marine fish assemblages (Brischoux
et al. 2009; Rasmussen et al. 2011). Most ecological studies of marine elapids have focused on shallow
waters (< 15 m) due to logistical constraints (e.g., Lukoschek et al. 2013; Udyawer et al. 2015; Shine et al.
2020). However, recent remotely operated vehicle (ROV) observations have recorded sea snakes at
depths down to 250 m, significantly expanding their known depth range (Crowe-Riddell et al. 2019).
Additionally, surveys using baited remote underwater video stations (BRUVS) and ROVs have revealed
the presence of sea snakes in the mesophotic zone (30—-150 m) in Ashmore Reef, Australia,
underscoring the significance of deep-water habitats in the ecology of marine elapids (Udyawer et al.
2014; Speed et al. 2022). Speed et al. (2022) further proposed that these deep zones may offer refuge
from predators, particularly sharks, which are more abundant in shallower waters. Given the recent
decline of marine elapid abundance in global hotspots (Goiran and Shine 2013; Somaweera et al. 2021),
it is essential to assess their distribution across their full spatial range.

The Ryukyu Islands in southwestern Japan represent one of the northernmost areas with breeding
populations of marine elapids: records further north in mainland Japan and Korea are considered waif
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dispersals (Hecht et al. 1974; Masunaga et al. 2005; Ota and Yamadashima 2012; but see Park et al.
2017). Although marine elapids are regularly observed during benthic surveys in the mesophotic zone in
this region (Sinniger et al. 2019), detailed accounts of their species composition, habitat use, and
behavior are lacking. Here, we present new records of marine elapids in the mesophotic zone of the
Ryukyu Islands based on ROV and scuba surveys, including the deepest known occurrences of three
species.

Materials and methods

Observations were conducted in coastal waters off northwestern Okinawa Island and near Kodakara
Island, Japan (Fig. 1). The coastlines are predominantly surrounded by fringing reefs. In our study site
around Okinawa Island, the area surrounded by Okinawa, le, Minna, and Sesoko Islands is relatively flat
and comprises mesophotic coral reefs and soft substrate. At the outer coasts of the islands, steep reef
slopes occur, and depths rapidly drop off to > 100 m within ca. 3 km from land. Several topographic
features raising a few hundred meters above the seafloor with large flat tops reaching 65 m depth are
located in the survey area, and provide extensive habitats for benthic invertebrates. Around Kodakara
Island, the depths similarly rapidly increase from the coast. Videos and photos of marine elapid snakes
were opportunistically taken during technical scuba diving surveys for mesophotic corals led by FS and
SH, and during benthic surveys using ROVs conducted by the Okinawa Churashima Foundation. Images
from Kodakara Island were obtained from the JAMSTEC E-library of Deep-sea Images
(https://www.godac.jamstec.go.jp/jedi/e/index.html). In the scuba surveys, depth, time, and water
temperature were obtained from the dive computers (Shearwater Research, Canada). In the ROV surveys,
depth was recorded. From the video footage, we visually categorized the substrate as rock, rock plus
sand, sand plus coral rubble, non-branching hard coral, or soft sediment.

Results and discussion

We made 15 observations of marine elapids between October 2011 and August 2024 in the daytime.
Observations included 13 Erabu Sea Kraits Laticauda semifasciata, one Blue-banded Sea Krait L.
laticaudata, and one Ornate-reef Sea Snake Hydrophis ornatus (Table 1, Fig. 2). One L. laticaudata was
found near Kodakara Island, and the others around Okinawa Island. Observations ranged from 50 to 122
m depth, with ambient temperatures of 21.6—24.6°C (where recorded). Laticauda semifasciata was
found on a variety of hard and soft substrates, while L. /aticaudata was found in rock plus sand
substrate, and H. ornatus in soft sediment substrate. The snakes were either foraging (indicated by the
snout repeatedly touching the substrate) or swimming. Three individuals of L. semifasciata approached
the diver or the ROV.
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Table 1
List of observations of marine elapid snakes in the mesophotic zone in the Ryukyu Islands, Japan.

Species Date Time  Habitat De;;th Temperature Behavior
(m (*C)
Laticauda 150ct  14:.05 Rockplus 122 22 Swimming
laticaudata 2011 sand
Laticauda 8 Sep 10:20  Sand plus 50 N/A Foraging;
semifasciata 2015 coral rubble approaching
ROV

Laticauda 27Sep 11:37 Sand plus 112 24.6 Swimming
semifasciata 2019 coral rubble
Laticauda 9 Jul 10:36  Sand plus 85 22.5 Approaching
semifasciata 2021 coral rubble ROV; fleeing
Laticauda 180ct 10:15 Non- 67 21.7 Foraging
semifasciata 2021 branching

hard coral
Laticauda 24Mar 11:16  Non- 75 N/A Foraging
semifasciata 2022 branching

hard coral
Laticauda 24 Mar  11:27 Non- 70 N/A Foraging
semifasciata 2022 branching

hard coral
Laticauda 29 Apr  12:24  Sand plus 88 21.6 Swimming
semifasciata 2022 coral rubble
Laticauda 22 Jul 13:35 Non- 57 22 Swimming
semifasciata 2022 branching

hard coral
Laticauda 8 Aug 13:49 Rock 81 22 Approaching
semifasciata 2022 diver
Laticauda 20 Aug 9:47 Rock plus 72 23 Swimming
semifasciata 2022 sand
Laticauda 20Aug 10:13  Rock plus 70 23 Swimming
semifasciata 2022 sand
Laticauda 30 Jul 9:56 Rock plus 77 22 N/A
semifasciata 2024 sand
Hydrophis 14 Aug 14:43 Softsediment 95 N/A Swimming
ornatus 2024
Laticauda 14 Aug NA Soft sediment 95 N/A Swimming
semifasciata 2024

Laticauda semifasciatais a dietary generalist that feeds on fish from a wide range of families and body
shapes (Su et al. 2005; Tabata et al. 2017). The spatial ecology of L. semifasciatais largely unknown, but
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they have been observed to forage at < 45 m depth (Somaweera et al. 2023). In our observations, about
one-third of the individuals were found during foraging behavior, suggesting that L. semifasciatais a
predator of a wide array of fish in mesophotic reef communities. A L. /aticaudata, a known eel specialist
(Brischoux et al. 2007; Tabata et al. 2017), was observed at 122 m, also far deeper than previous records
for this species (maximum 32.4 m in New Caledonia; Cook et al. 2016). Several physiological
adaptations enable marine elapids to perform deep dives. A large cardiac shunt coupled with high skin
permeability to gases are thought to allow Hydrophis sea snakes to avoid forming nitrogen bubbles in
the bloodstream after deep dives (i.e., decompression sickness). Sea kraits also possess these traits,
albeit to a lesser extent, and simulated pressurization experiments have estimated that they may be at
risk of decompression sickness at depths of 30—70 m. (Seymour 1978). However, our observation of sea
kraits occurring at > 100 m depth demonstrates that the diving capacity of sea kraits is underestimated.
This calls for further assessment of their physiological adaptations for diving.

Hydrophis ornatus is a widespread sea snake that, in the Ryukyu Islands, has been predominantly
observed in relatively enclosed bay-like waters with soft substrates at depths of less than 25 m, where it
primarily feeds on burrowing gobies (Kidera et al. 2015; Fujishima et al. 2021). Consistent with these
observations, we found an H. ornatus on soft substrate, but at a greater depth of 95 m. The habitat use
of H. ornatus is largely unknown, and to our knowledge, this represents the deepest recorded occurrence
of this species.

Our observations with temperature records showed that the water temperatures at the depth of the
observations were 22-23°C in July, August, and October. Surface water temperature around Okinawa
Island range around 21-29°[ peaking during August and September, and 21-24°C at 100 m depth
(Japan Oceanographic Data Center, http://www.jodc.go.jp/service.htm). Diving to deeper, cooler waters
may benefit snakes, particularly in warmer months, by lowering their metabolic rate, which reduces
energy expenditure and extends dive duration, thereby allowing more time for foraging (Cook and
Brischoux 2014).

In conclusion, our observations substantially expand the depth range of three species of marine elapid
snakes.

In particular, sea kraits regularly move across large areas (> 20 km from the home island) of the reef to
forage on the bottom and return to land (Brischoux et al. 2007). Our observations of sea kraits occurring
in the mesophotic zone suggests their role in translocating nutrients between mesophotic and shallow
reef systems, as well as with the terrestrial habitat that they utilize (Slattery et al. 2011; Estupifian-
Montafio et al. 2023).

In Ashmore Reef in north-western Australia, where the once abundant sea snakes have largely
disappeared from shallow waters, sea snake populations were found to persist in the mesophotic zone
(Speed et al. 2022). The increase in numbers of top predators, namely sharks, has been a major plausible
explanation for the drastic decline of sea snakes in Ashmore Reef (Somaweera et al. 2021). The
mesophotic zone may have acted as a refuge for sea snakes from predatory sharks, which are
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significantly more abundant in shallow waters (Speed et al. 2022). Similarly in the Ryukyu Islands,
sharks, particularly tiger sharks Galeocerdo cuvier, are known to be a major predator of sea kraits and
sea snakes (Masunaga et al. 2008), and deep diving by snakes may serve to avoid predation by sharks.

Coral reefs have experienced widespread habitat degradation, notably through heat-induced bleaching
events caused by elevated ocean temperatures (Hoegh-Guldberg et al. 2007; Hughes et al. 2017). While
the direct impacts of reef degradation on marine elapids remain poorly quantified, declines in the
abundance of reef-associated fishes following habitat loss are relatively well documented, though the
magnitude varies across taxa (Prachett et al. 2011; Huang et al. 2023). Marine elapids that primarily feed
on coral reef fishes (e.g., sea kraits) may be indirectly affected by such declines (Ota 2014). Mesophotic
reefs represent a major habitat type that may be less impacted by heat-induced bleaching events that
severely affect shallow reefs (Bongaerts and Smith 2019; Pérez-Rosales et al. 2021). These deep areas
may serve as important refugial foraging habitats for reef-associated snakes. Future research integrating
standardized visual survey methods using ROVs and/or BRUVS and implanted data loggers are needed
to understand the population trends, diving behavior, and ecological roles of marine elapids in
mesophotic systems. Such information will be crucial in informing conservation policies such as marine
protected areas (MPAs) regarding mesophotic habitats (Gress et al. 2018; Pulido Mantas et al. 2024).
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Figure 1

Map showing the Ryukyu Islands (A) and the study sites (B and C). The locations where marine elapids
were observed in the mesophotic zone are indicated by red dots.
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Figure 2

Marine elapid snakes observed in the mesophotic zone of the Ryukyu Islands, Japan. (A) Laticauda
semifasciata photographed with a mixed-gas rebreather diver at 75 m depth. (B) Laticauda laticaudata at
122 m depth, recorded by a remotely operated vehicle (ROV). (C) Hydrophis ornatus at 95 m depth,
recorded by an ROV. Photographs courtesy of Thomas Jonsson (A) and the Okinawa Churashima
Foundation (C). Image in (B) was derived from a video by the Japan Agency for Marine-Earth Science
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and Technology (JAMSTEC;
https://www.godac.jamstec.go.jp/jedi/static_player/e/HPD1336HDDB10_00420900).
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