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Introduction

The first comprehensive extinction-risk assessment of reptiles conducted by Cox et al.

found that at least 1,829 out of 10,196 species are threatened (i.e. 21.1% of reptile species,

excluding data-deficient species from the assessment process) (Cox et al., 2022). The study

also showed that the main factors that threaten non-marine reptiles are similar to threats

faced by other tetrapods: agriculture, logging, urban development, and invasive species.

However, marine reptiles, a subset of the reptile group, are threatened by other factors such

as fisheries bycatch (Camiñas et al., 2021; Rao et al., 2021), habitat loss (Lane & Guinea,

2010; Lukoschek et al., 2010), and climate change (Patrıćio et al., 2021; Hochscheid

et al., 2022).

Marine reptiles are a non-taxonomic group of reptile species which share similar

ecological requirements but have different adaptations regarding their return to the sea

(Rasmussen et al., 2011). These adaptations involve physiological changes (e.g. the

lachrymal glands of sea turtles), anatomical changes (e.g. the vertically flattened paddle-

like tail of sea snakes), and reproductive adaptations (e.g. the viviparity of true sea snakes).

Currently, there are 91 species of marine reptiles which form just 0.89% of all extant reptile

species (Table 1). These 91 species include the following: 79 sea snake species (including

Elapids [67], and aquatic/estuarine snakes Homalopsids [10] and Acrochordids [2]), 9 sea

turtle species (in four different families including 7 sea turtles species, and two aquatic/

estuarine turtles species), 2 saltwater crocodile species (Crocodylidae), and 1 marine iguana

species (Iguanidae). In relation to aquatic/estuarine turtles there are a lot of species

potentially to be included as “marine” (Rasmussen et al., 2011), however, we include

those estuarine species that have been bycatches in marine fisheries (Taskavak et al., 1999;

Eisemberg et al., 2011).

Marine reptiles occupy a wide variety of marine habitats with very heterogeneous

geographical range distributions between groups. For example, marine iguanas

(Amblyrhynchus cristatus) and many species of sea snakes have very limited ranges and

occupy shallow waters. However, sea turtles, with the exception of the Australian flatback

turtles (Natator depressus), have life histories that span vast ocean areas, including feeding
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fmars.2024.1416178/full
https://www.frontiersin.org/articles/10.3389/fmars.2024.1416178/full
https://www.frontiersin.org/articles/10.3389/fmars.2024.1416178/full
https://orcid.org//0000-0003-2049-0409
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2024.1416178&domain=pdf&date_stamp=2024-06-17
mailto:josecarlos.baez@ieo.csic.es
https://doi.org/10.3389/fmars.2024.1416178
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2024.1416178
https://www.frontiersin.org/journals/marine-science
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TABLE 1 Species of marine reptiles and their status according to the
Red List of International Union for Conservation of Nature (IUCN).

Family Species
IUCN
Status

Cheloniidae Caretta caretta (Linnaeus, 1758) VU

Chelonia mydas (Linnaeus, 1758) VU

Lepidochelys olivacea (Eschscholtz, 1829) VU

Lepidochelys kempii (Garman, 1880) CR

Natator depressus (Garman, 1880) DD

Eretmochelys imbricata (Linnaeus, 1766) CR

Dermochelyidae Dermochelys coriacea (Vandelli, 1761) VU

Trionychidae Trionyx triunguis (Forskål, 1775) VU

Carettochelyidae Carettochelys insculpta (RAMSAY, 1886) EN

Crocodylidae Crocodylus porosus (SCHNEIDER, 1801) LC

Crocodylus acutus (CUVIER, 1807) VU

Acrochordidae
Acrochordus granulatus
(SCHNEIDER, 1799) LC

Acrochordus arafurae (McDOWELL, 1979) LC

Homalopsidae Bitia hydroides (GRAY, 1842) LC

Cantoria violacea (GIRARD, 1858) LC

Fordonia leucobalia (SCHLEGEL, 1837) LC

Myrrophis bennettii (GRAY, 1842) DD

Myron richardsonii (GRAY, 1849) LC

Myron resetari (MURPHY, 2011) VU

Myron karnsi (MURPHY, 2011) DD

Cerberus australis (GRAY, 1842) LC

Cerberus rynchops (SCHNEIDER, 1799) LC

Gerarda prevostiana (EDYDOUX &
GERVAIS, 1837) LC

Elapidae Aipysurus apraefrontalis (SMITH, 1926) DD

Aipysurus duboisii (BAVAY, 1869) LC

Aipysurus eydouxii (GRAY, 1849) LC

Aipysurus foliosquama (SMITH, 1926) DD

Aipysurus fuscus (TSCHUDI, 1837) EN

Aipysurus laevis (LACÉPÈDE, 1804) LC

Aipysurus mosaicus (SANDERS,
RASMUSSEN, ELMBERG, MUMPUNI,
GUINEA, BLIAS, LEE & FRY, 2012) LC

Aipysurus pooleorum (SMITH, 1974) DD

Aipysurus tenuis (LÖNNBERG &
ANDERSSON, 1913) DD

Emydocephalus annulatus (KREFFT, 1869) LC

Emydocephalus ijimae (STEJNEGER, 1898) LC

(Continued)
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TABLE 1 Continued

Family Species
IUCN
Status

Emydocephalus orarius (NANKIVELL,
GOIRAN, HOURSTON, SHINE,
RASMUSSEN, THOMSON &

SANDERS, 2020)
NO

AVAILABLE

Ephalophis greyae (SMITH, 1931) LC

Hydrelaps darwiniensis
(BOULENGER, 1896) LC

Hydrophis atriceps (GÜNTHER, 1864) LC

Hydrophis belcheri (GRAY, 1849) DD

Hydrophis bituberculatus (PETERS, 1873) DD

Hydrophis brookii (GÜNTHER, 1872) DD

Hydrophis caerulescens (SHAW, 1802) LC

Hydrophis cantoris (GÜNTHER, 1864) DD

Hydrophis coggeri (KHARIN, 1984) LC

Hydrophis curtus (SHAW, 1802) LC

Hydrophis cyanocinctus (DAUDIN, 1803) LC

Hydrophis czeblukovi (KHARIN, 1984) DD

Hydrophis donaldi (UKUWELA, SANDERS
& FRY, 2012) DD

Hydrophis elegans (GRAY, 1842) LC

Hydrophis fasciatus (SCHNEIDER, 1799) LC

Hydrophis gracilis (SHAW, 1802) LC

Hydrophis inornatus (GRAY, 1849) DD

Hydrophis kingii (BOULENGER, 1896) LC

Hydrophis klossi (BOULENGER, 1912) DD

Hydrophis laboutei (RASMUSSEN &
INEICH, 2000) DD

Hydrophis lamberti (SMITH, 1917) LC

Hydrophis lapemoides (GRAY, 1849) LC

Hydrophis macdowelli (KHARIN, 1983) LC

Hydrophis major (SHAW, 1802) LC

Hydrophis mamillaris (DAUDIN, 1803) DD

Hydrophis melanocephalus (GRAY, 1849) DD

Hydrophis melanosoma (GÜNTHER, 1864) DD

Hydrophis nigrocinctus (DAUDIN, 1803) DD

Hydrophis obscurus (DAUDIN, 1803) LC

Hydrophis ocellatus (GRAY, 1849) LC

Hydrophis ornatus (GRAY, 1842) LC

Hydrophis pachycercos (FISCHER, 1855) DD

Hydrophis pacificus (BOULENGER, 1896) NT

Hydrophis parviceps (SMITH, 1935) DD

(Continued)
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areas that are very far from their nesting beaches. Historically,

saltwater crocodiles (Crocodylus porosus), had a much wider

distribution that included the Seychelle Islands and the coast of

China (Webb et al., 2010). Although they occupy mangrove forests

and river systems close to the coast, it is possible to see them

swimming in open waters.

The aim of this study was to review available information on the

population statuses of marine reptiles as well as on the threats and

impacts affecting this group. We also discuss possible future

measures to prevent the extinction of marine reptiles.
Status of marine reptiles in relation to
other vertebrate groups

It is relevant to note that of the 91 species of marine reptiles, 67

are within the group of sea snakes (Elapidae). This group is of

uncertain taxonomy and is still under review (Sanders et al., 2013).
Frontiers in Marine Science 03
In addition to the genetic issues such as low variation at all five

nuclear markers and conflicting relationships supported by

mitochondrial and nuclear trees (Sanders et al., 2013), there are

further complications stemming from the limited attention this

group receives compared to more charismatic species like sea

turtles. This disparity in attention results in inadequate funding

and research efforts, leading to gaps in data collection and

conservation initiatives (McClenachan et al., 2012; Udyawer

et al., 2018).

Among the marine reptiles, 33.0% (including 29 species of sea

snakes and the Australian flatback sea turtle, Natator depressus) are

considered to be data-deficient such that their extinction-risk

assessment cannot be conducted (to see Table 1). This relative

percentage is more than the percentage of species for which

extinction-risk assessments have not been conducted (reptiles,

14%; amphibians, 20.4%; mammals, 15.1%; birds, 0.5%) (Cox

et al., 2022). This could be indicative of the lack of attention that

these species have had among specialists in recent decades, as well

as of the difficulty of researching in marine habitats.

In relation to their extinction-risk assessment, 14.3% of marine

reptile species could be considered threatened of extinction (i.e. the

percentage of species relative to the total number of marine reptile

species adding the categories Critical Endangered, Endangered, and

Vulnerable) (Cox et al., 2022). However, while most sea turtle

species, marine crocodiles, and the marine iguana are included in an

International Union for Conservation of Nature (IUCN) Red List

threatened category, only 3 species out of the 79 sea snakes are

included in a threatened category; even though there are 29 species

of sea snakes included in the “Data Deficient” category, which could

indicate that this group needs more research and monitoring (Elfes

et al., 2013).

In the case of sea turtles, many specialists have questioned the

suitability of the IUCN Red List for estimating the true conservation

status of a species (Godfrey & Godley, 2008; Campbell, 2012).

Indeed, it is debatable whether a single conservation category can

summarise the multiple fluctuations that different populations of

the same species can undergo. For example, marine turtles have

wide distribution ranges, and so different responses could be

expected from different populations in the face of similar unique

threats, such as climate change.
Threatening processes affecting
marine reptiles

As discussed, marine reptiles have wide geographical ranges and

occupy multiple areas. Nevertheless, they are all affected by the

same three threats: bycatch, habitat loss, and climate change.

Bycatch in fisheries is a worrying threat that mainly affects sea

turtles (Wallace et al., 2010; Camiñas et al., 2021) and sea snakes

(Van Cao et al., 2014; Rao et al., 2021). In the case of sea snakes,

fisheries from Asia need better monitoring and tracking to better

understand the extent of the problem (Van Cao et al., 2014).

Regarding both groups, Ecological Risk Assessments (e.g. see

Angel et al., 2014) of the fisheries that may be susceptible to
TABLE 1 Continued

Family Species
IUCN
Status

Hydrophis peronii (DUMÉRIL, 1853) LC

Hydrophis platurus (LINNAEUS, 1766) LC

Hydrophis schistosus (DAUDIN, 1803) LC

Hydrophis spiralis (SHAW, 1802) LC

Hydrophis stokesii (GRAY, 1846) LC

Hydrophis stricticollis (GÜNTHER, 1864) DD

Hydrophis torquatus (GÜNTHER, 1864) DD

Hydrophis viperinus (SCHMIDT, 1852) LC

Hydrophis vorisi (KHARIN, 1984) DD

Hydrophis zweifeli (KHARIN, 1985) DD

Kerilia jerdoni (GRAY, 1849) LC

Kolpophis annandalei (LAIDLAW, 1901) DD

Thalassophis anomalus (SCHMIDT, 1852) DD

Laticauda colubrina (SCHNEIDER, 1799) LC

Laticauda frontalis (DE VIS, 1905) NT

Laticauda guineai (HEATWOLE, BUSACK
& COGGER, 2005) NT

Laticauda laticaudata (LINNAEUS, 1758) LC

Laticauda saintgironsi (COGGER &
HEATWOLE, 2006) LC

Laticauda schistorhyncha
(GÜNTHER, 1874) VU

Laticauda semifasciata
(REINWARDT, 1837) NT

Parahydrophis mertoni (ROUX, 1910) DD

Iguanidae Amblyrhynchus cristatus (BELL, 1825) VU
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reptile bycatch should be conducted. Courses on how to handle

these animals for their healthy and correct release to increase their

prospects of post-release survival (e.g. see Parga, 2012) must be

implemented. Such courses should also safeguard the physical

safety of fishermen, especially when handling sea snakes which

have a potentially lethal bite (Van Cao et al., 2014). Moreover, it is a

priority to engage both the fishing industry as a whole and the

artisanal fishing industry—especially those working in the tropical

belt—in marine reptile awareness and conservation programs.

Habitat loss is another important threat that affects favourable

areas for feeding and reproduction (Udyawer et al., 2020). It should

be noted that most marine reptile species (except for some species of

sea snakes) currently require emergent terrain for nesting and

laying their eggs. They are therefore particularly vulnerable to the

loss of favourable nesting sites. Moreover, aquatic/estuarine species

spend their entire lifecycle in these environments, whereas

amphibious species that use these habitats only for nesting or

resting may be less impacted by coastal threats.

Although there is currently insufficient evidence to be able to

assess the short- and medium-term threats of climate change to

reptiles (Cox et al., 2022), marine reptiles can be impacted by climate

change in two ways: (a) by limiting suitable habitats and the resources

provided by these habitats (as in the case of true sea snakes, sea

turtles, and marine iguanas); and (b) by causing a bias in sex ratios of

populations due to alterations in ecological sex determination (as in

the case of sea turtles and saltwater crocodiles). Concerning the

former threat, climate-change-driven temperature rises affect coral

reefs, which are inhabited by true marine snakes (Lane & Guinea,

2010). Moreover, increasing sea levels and severe storms due to

climate change could reduce the number of available nesting beaches

(Torres et al., 2021) used by sea turtles and some species of oviparous

sea snakes for egg laying (e.g. Lane and Guinea, 2010; Maneja et al.,

2021). Regarding iguanas, rising sea surface temperatures driven by El

Niño events—which are increasing in the context of climate change

(Cai et al., 2014)—disrupt the supply of seaweed. Since seaweed is the

main food source for iguanas, its loss can cause up to 90% of the

population to die from starvation during these events (MacLeod et al.,

2020). Concerning the latter threat, sea turtles and saltwater

crocodiles have temperature-dependent sex determination

(Woodward & Dickson, 1993; Tezak et al., 2020; Patrıćio et al.,

2021), and therefore climate-change-driven temperature rises could

affect sex bias within these populations. Hochscheid et al. found that

the nesting range of loggerhead turtles had expanded in the

Mediterranean despite their philopatry, which has been interpreted

as a response to climate change. Predictive models could help identify

new potential nesting areas and implement proactive conservation

actions to establish new rookeries (Hochscheid et al., 2022).

Regarding sea snakes, predictive models could help in preventing

encounters with the human population (Needleman et al., 2018).

In addition, the marine reptiles as ectothermic air-breathing

marine animals, increases in water temperatures will increase

metabolic demand, and subsequently reduce their diving

capacities (Rodgers et al., 2021). This has large implications on

foraging efficiencies, diving capabilities and survival of this whole

group, depending on the species ability to thermally acclimate to

changing temperatures (Rodgers et al., 2021).
Frontiers in Marine Science 04
Discussion

Other important threats also exist such as contamination,

emerging diseases, and hybridization between species. However,

these are common for all marine reptile species, and we therefore do

not know the degree of prevalence per species. Many conservation

policies described here cannot be considered specific to marine reptiles.

However, in the framework of marine megafauna, marine reptiles are

especially affected by the same three threats described above (i.e.

bycatch, habitat loss, and climate change). Thus, new tools are

needed to delimit populations and improve knowledge on their

fluctuations and trends. Wallace et al. proposed the use of Regional

Marine Turtle Management Units (RMUs) as a framework for

prioritising conservation of sea turtles across multiple scales (Wallace

et al., 2010). In this regard, Regional Tuna Fisheries Organisations have

invested great efforts in assessing stocks of different turtle RMUs

(Camiñas et al., 2021). To prevent habitat loss, it may be of interest

to first identify favourable areas for marine reptiles (Udyawer et al.,

2020). A second step would be to identify Important Marine Reptile

Areas in the same way that Important Marine Mammal Areas

(IMMAs) have been identified (Tetley et al., 2022), while including

the nesting and foraging zones of different populations.

It is worth noting that marine mammals and highly migratory

species are primarily governed by the United Nations Convention

on the Law of the Sea (UNCLOS). UNCLOS serves as the primary

legal instrument governing activities in the world’s oceans by setting

out general principles and obligations aimed at ensuring the

sustainable use and conservation of marine resources. Article 65

of the treaty specifically addresses the conservation and

management of highly migratory species, emphasizing the need

for states to cooperate both within and beyond national jurisdiction.

In addition to highly migratory species, UNCLOS also imposes

obligations on states to protect and preserve marine mammals.

Moreover, UNCLOS establishes mechanisms for international

cooperation and dispute resolution to address issues concerning

the conservation and management of marine mammals and highly

migratory species. This includes provisions for regional fisheries

management organizations (RFMOs) and other relevant bodies to

coordinate conservation measures and regulate activities impacting

these species across different maritime zones.

However, marine reptiles are not currently included in UNCLOS.

Including marine reptiles in UNCLOS could help create specific

international policies which would increase the effectiveness of

conservation efforts for this group. Other international treaties such

as the Convention on International Trade in Endangered Species of

Wild Fauna and Flora (CITES), include all non-snake marine reptiles

in their annexes. In fact, CITES does not have any species of sea snake

in their appendices (Davies, 2023). CITES plays a crucial role in

regulating the international trade of endangered species, regulates

international trade to prevent over-exploitation, and fosters global

cooperation to avoid illegal exploitation.

On the other hand, for these taxa country level policies are

likely to be important (e.g., such as the Endangered Species Act

provided by the United States Environmental Protection Agency, or

the legislation Australian Environment Protection and

Biodiversity Conservation).
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Finally, it should be a priority to integrate fishermen, especially

from the tropical belt, in awareness and conservation programs for

marine reptiles which are an ancient component of marine

biodiversity. As a threatened and distinct group, marine reptiles

require specific management to ensure their correct release and to

increase their survival post-release. Because of this, management

guides could help when working with sea snakes. There already

exists a multitude of these guides for sea turtles that could be used as

examples when creating them for sea snakes.
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