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A Commentary on 


Video surveys of sea snakes in the mesophotic zone shed light on trends in populations.
 By Speed CW, Wilson NG, Somaweera R, Udyawer V, Meekan MG, Whisson C and Miller K (2022) Front. Mar. Sci. 9:921542. doi: 10.3389/fmars.2022.921542


The Ashmore Reef National Nature Reserve is an International Union for Conservation of Nature (IUCN) category 1a strict nature reserve with entry and fishing prohibited since 2002 (COA, 2002). Between 1999 and 2003, sea snakes on reef flats and channels suffered an unexplained rapid decline in numbers and species (Guinea et al., 2004). In those years as now, sea snake and shark populations appeared healthy at neighboring reefs (Somaweera et al., 2021). The Cartier Island Marine Reserve, 50 km to the east of Ashmore Reef, has identical zoning since 2002 (COA, 2002). The Hibernia Reef, 50 km north, is unmanaged. Being outside the Australian Provisional Fisheries Surveillance Enforcement Line (PFSEL) (COA, 2002), it has unrestricted fishing (Guinea, 2013).

This investigation focused on one hypothesis designated as plausible in Somaweera et al. (2021) to explain the disappearance of sea snakes from the Nature Reserve. It used the 2004 and 2016 recordings from Baited Remote Video Stations (BRUVS) (Speed et al., 2018) reexamined for the presence of sea snakes. A Remotely Operated Vehicle (ROV) recorded sea snakes in the mesophotic zone (50 –150 m) in 2021. These datasets suggested that shark sightings between 2004 to 2016 increased from 0.6 to 1.5/h in shallow water and 0.5 to 1.0/h in deeper water. The authors evaluated the hypothesis that increasing numbers of reef sharks led to the decline of sea snakes in shallow and deeper water habitats. The resultant correlation led to their acceptance of causation without performing a causality analysis. Concerns over their assumptions, presentations, and species identification question the veracity of the shark depredation hypothesis. David Hume (1739) established criteria for evaluating the cause and effect, which proves informative when investigating the cause of sea snake decline at Ashmore Reef. A critique using his rules of the present hypothesis follows:

(A) The agent of cause and the resultant effect need contiguity in time and space (met). Sharks, including gray reef sharks, Carcharhinus amblyrhynchos (Speed et al., 2018), and 11 sea snake species occured at Ashmore Reef (Minton and Heatwole, 1975).

(B) The cause must be prior to the effect (unmet). Sea snake species and numbers decreased rapidly between 1999 and 2003 (Guinea et al., 2004) and gradually thereafter (Somaweera et al., 2021). Gray reef shark numbers increased fourfold after suggested changes to enforcement in the Nature Reserve between 2008 and 2016 (Speed et al., 2018). Guinea (2020) strongly rejected any such change in enforcement. The hypothesized cause does not precede the effect. More recent data show that reef shark numbers remain unchanged at Ashmore Reef between 1998 and 2019 (Keesing et al., 2021).

(C) A constant relation must exist between the cause and the effect (unmet). Sharks, especially tiger sharks (Galeocerdo cuvier), are a major predator of sea snakes (Heatwole, 1975; Somaweera et al., 2021). Other species, including gray reef sharks, avoid eating sea snakes (Heatwole, 1975). Examples are missing in the literature of gray reef sharks eating sea snakes.

(D) The same cause always produces the same effect (unmet). The Cartier Island Marine Reserve, with the same strict zonation as Ashmore Reef, has both sharks and sea snakes in healthy numbers (Guinea, 2013). The Hibernia Reef, where fishing is unrestricted, has sharks and sea snakes present in good numbers also (Guinea, 2013).

(E) In a stable system, a cause is required to bring about an effect (unmet). Mentions in the literature of sea snakes from waters around Ashmore Reef persist from the mid-nineteenth century (Stokes, 1846), which suggests a continuing presence. Consistency persists in the species recorded by the ROV survey, which matches those of previous surveys to 25 m (Minton and Heatwole, 1975) and from the trawls to 100 m (Shuntov, 1971). The deep-water sea snake assemblage remains intact and appears unaffected by the cause of their decline in shallower water. The ROV dataset lacks reef shark observations, which precludes any analysis of the depredation hypothesis in the mesophotic zone.

The figures hinder our understanding by having shades of red data points on colored backgrounds (Figures 1, 2) . Further confusion stems from superimposed survey data points. Omitted is the boundary of the Nature Reserve, the site of all sea snake surveys since 1994 (Guinea, 2013). ROV transects are missing duration, lengths, and directions. Confusion continues in Figure 2 with glyphs on a colored background, and where four data points for 2004, 2006, 2014, and 2016 represent the two BRUVS surveys. Graphs with different scales in figures and supplementary material require scrutiny to avoid confusion. Notably, the exaggerated scales of sea snake sightings in Figure 2A overshadow the miniaturized Figure 2B showing the complete record.




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 hitps://dol.ala.org.au/ dol/8685711-8ba7-40fe-a69c 6c4815145962;]sessionid=4A9BACF61447968564761E2739C05DBE, Accessed September 2021. Thick blue line denotes the reef edge and shaded area includes shallow coral Reef habitats. Reproduced from Speed et al. (2022).






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 (redravn from Somaweera et al., 2021). Diver image courtesy of the Integration and Application Network, University of Maryland Center for Environmental Science (lan.umces.ado/symbols/). Reproduced from Speed et al. (2022).



Other issues include misidentification of species. The turtle-headed sea snake at Ashmore Reef is Emydocephalus annulatus not E. orarius, a Western Australian coastal endemic (Nankivell et al., 2020). The sea snake labeled Hydrophis kingii in Figure 3 lacks the dark rhombic bands, the black head, and white scales around the eyes that are diagnostic for this species. Mentioned, but not explained, are differences in deep and shallow water forms of Aipysurus apraefrontalis. The statement that ROVs “caused undetectable or very minimal disturbance to the behavior of sea snakes” requires validation as the highly inquisitive species Aipysurus laevis makes 50% of sightings (Table 1 after corrections). Sounds and lights of the ROV will attract some species because light trapping is a standard technique for catching sea snakes (Guinea, 2013) and underwater noise such as hammering and drilling commonly attract sea snakes.




Figure 3 | Photographs of sea snakes obtained during the ROV survey at Ashore Reef in 2021. (A) Aipysurus apraefrontalis, (B) Aipysurus duboisi, (C) Emydocephalus orarius, (D) Hydrophis coggeri, (E) Aipysurus laevis (colour variations), (F) Hydrophis ocellatus, (G) Hydrophis kingii, and (H) Hydrophis peroni (with closeup of head). Reproduced from Speed et al. (2022).




Table 1 | Sea snake taxa identified at Ashmore reef using BRUVS survey in 2004 and 2016, a ROV survey in 2021.



The authors presented the necessary results to evaluate if predation by sharks could explain the decline in sea snakes in the Nature Reserve. Logic and field studies provide little support for such a hypothesis, which, when scrutinized, is implausible. Following this demotion, other putative causes require testing. The ROV survey showed that the deeper water sea snake assemblage remains stable, and the decline affected those living on the reef crest and channels. For researchers, the challenge remains of preventing sea snake declines on other reefs while monitoring their recolonization of Ashmore Reef National Nature Reserve.
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