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Abstract
Marine snakes comprise 90% of all marine reptiles, yet they are the least known of all marine reptiles. Among the marine snakes,
very little is known about the marine snakes of the Indian Ocean (IO) compared to the marine snake fauna of the Indo-West
Pacific (IWP). Hence, there is a dearth of information about the diversity, systematics, distribution, abundance, natural history,
and conservation of IOmarine snakes. Therefore, to gain insights to the IOmarine snake fauna, we conducted a systematic survey
on the marine snakes in the island of Sri Lanka, a central tropical location in the IO. Eight sites around the islandwere sampled for
fisheries by-catch from 2010 to the end of 2012. The study documented 14 species (Acrochordidae 1, Homalopsidae 2, Elapidae
(Hydrophiinae) 11) of marine snakes from Sri Lankan waters. Our by-catch data indicates that Acrochordus granulatus,
Hydrophis curtus, Hydrophis cyanocinctus, Hydrophis schistosus, Hydrophis spiralis, and Hydrophis viperinus are highly
abundant (n>20). Further, data demonstrates that the most widely distributed species in Sri Lankan waters are H. spiralis and
H. curtus. However, high volumes of marine snakes in fisheries by-catch indicate that fishing-relatedmortality is a major threat to
marine snakes of Sri Lanka. Given the distinct evolutionary history of these snakes in the IO and the unique conservation value,
the IO marine snake fauna (inclusive of Sri Lankan marine snakes) should be considered a separate conservation management
unit.

Keywords By-catch . Evolutionary significant units . Conservationmanagement unit . IndianOcean

Introduction

Marine snakes comprise 90% of all marine reptiles, yet they
are poorly known compared to marine turtles (Rasmussen
et al. 2011). Snakes with marine habits are present in the snake
families Acrochordidae, Colubridae (subfamily Natricinae),
Homalopsidae, and Elapidae (subfamily Hydrophiinae)

(Heatwole 1999). Of these, homalopsids, natricines, and
acrochordids with marine habits are predominantly brackish
water inhabitants. However, the viviparous (i.e., ovo-vivipa-
rous) marine snakes inthe family Elapidae are truly marine
(i.e., live and give birth to live young at sea) and hence called
“true sea snakes.” Marine snakes are distributed in tropical
and subtropical coastal waters throughout the Indo-Pacific
region. However, the majority of studies on marine snakes
have been centered on the Southeast Asian and Australian
marine snake fauna (Voris 1972; Dunson, 1975; Voris et al.
1978). Therefore, very little is known about the Indian Ocean
marine snakes (Ganesh et al. 2019).

An estimated 36 species of marine snakes inhabit the coast-
al waters of the Indian Ocean (IUCN, 2010). However, there
is a dearth of information about the systematics, distribution,
abundance, biology, threats, and conservation of these spe-
cies. To gain insights in to the Indian Ocean marine snake
fauna, we conducted a systematic survey on the marine snakes
in the island of Sri Lanka, a central location in the IO. Sri
Lanka is a continental tropical island situated at the southern
tip of India. Eighteen species of marine snakes have been
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reported from Sri Lanka (Wickramasinghe 2012), including
four South Asian endemics that are listed as Data Deficient on
the IUCN Red List (IUCN 2010). Twelve of the 18 species
reported from Sri Lanka have ranges that extend either along
the IO coasts of the Arabian Gulf, Pakistan, India,
Bangladesh, Myanmar, and Thailand, or occur throughout
the Southeast Asian region (Rezaie-Atagholipour et al. 2016;
Razzaque Sarker et al. 2017). Many species have disjunct
ranges and show geographical variation in morphology, thus
may contain currently unrecognized species. Hence, the actual
marine snake diversity could be higher than the currently
known diversity in the IO as well as Sri Lanka (Ukuwela
et al. 2014; Ukuwela et al. 2016). Yet, there has never been
any formal systematic study conducted on the marine snake
fauna of Sri Lanka or not even on the marine snakes that are
also found in the South Asian region of the IO. As a result,
there are major gaps in the knowledge on the marine snakes of
Sri Lanka, including (1) the actual species diversity and dis-
tribution in Sri Lanka, (2) the phylogenetic relationships to
their relatives in other geographic areas, (3) population con-
nectivity in Sri Lanka and elsewhere, (4) biology, and (5)
threats. To address these issues, a survey was conducted cov-
ering almost all the coasts of Sri Lanka from 2010 to 2013.
The results of this study relating to reproductive biology (pre-
liminary findings) (de Silva et al. 2011a), population genetic
structure (Ukuwela et al. 2014) and phylogenetic relationships
(Ukuwela et al. 2013; Ukuwela et al. 2017b) and
biogoegraphic origins (Ukuwela et al. 2016) have already
been published elsewhere. Here, we report the diversity and
distribution of the Sri Lankan marine snakes with brief notes
on their natural history from the above survey and summarize
and compare findings from our previously published work
and published work from other resources.

Materials and methods

Study region and sampling sites

Sri Lanka lies between latitudes 5° 55′ – 9° 51′ N and longi-
tudes 79° 41′ – 81° 54′ E. With a coastline of 1562 km in
length, the island has a shallow continental shelf that has an
average width of 22 km from the coast. The coastline of Sri
Lanka consists of lagoons, bays, headlands, peninsulas, sand
bars, and islets. Sri Lanka encompasses a diverse array of
tropical coastal habitats including lagoons and estuaries
(42,000 ha), mangroves (6,000–10,000 ha), sea grass beds,
salt marshes, and coral reefs (about 50 linear km in length)
(Anonymous 1997).

Eight main sampling sites were selected during an island-
wide pilot study conducted in early 2010. The main sampling
sites selected were (1) Mannar Island, (2) Vankale-Mannar,
(3) Puttalam lagoon, (4) Negambo, (5) Kirinda, (6) Uppaveli-

Nilaveli coast, (7) Pulmude, and (8) northern coastline of
Jaffna Peninsula. Additional samples were opportunistically
collected from (9) Jaffna lagoon, (10) Hikkaduwa, (11)
Kumana, (12) Thampattai (near Ampara), and (13) Pottuvil
areas (Fig. 1). The following is a brief description of these
sampling sites.

Mannar Island is a small island off the northwestern coast
of Sri Lanka in the Gulf of Mannar. The area surrounding the
island constitutes shallow coastal seas (depth 1–11 m), coral
reefs, and mangrove habitats. Vankale-Mannar is a coastal
fish-landing site in the northwestern coast of northern Sri
Lanka facing the Gulf of Mannar. The marine habitats in the
area consist of shallow coastal seas (depth 1–11 m) with coral
reefs, sea grass beds, and an estuary with extensive mangrove
habitats. Negambo is a major fishing port in the western coast
of Sri Lanka. This area comprises a lagoon and estuarine man-
groves as well as shallow coastal seas (depth 1–30 m). The
Puttalam Lagoon is the second largest lagoon (327 km2) in Sri
Lanka, situated in northwestern Sri Lanka. The lagoon’s water
is brackish to saline and has extensive mangroves, sea grass
beds, mud flats, and salt marshes (depth 1–75 m). Kirinda, a
fishing port in the southern coast of Sri Lanka, consists of
shallow coastal seas (depth 1–100m) and scattered coral reefs.
Uppaveli-Nilaveli is a 12-km coastal stretch, which consists of
several small fishing villages in the northeastern coast of
northern Sri Lanka. The area comprises of shallow coastal
seas (depth 1–200 m), scattered coral reefs, and a river mouth
with mangroves. Pulmude is a small fishing village in the
northeastern coast of northern Sri Lanka, which consists of
shallow coastal seas (depth 1–50 m) and a bay. On the north-
ern coast of Jaffna, small fish landing sites along a 6-km
stretch from Valvettithurai to Inparsiddy (i.e., Valvettiturai,
Polikandy, Thikkam, Erincha amman kovilddy, and
Inparsiddy) were selected for sampling. This stretch consists
of shallow coastal seas (depth 1–20 m) with small scattered
coral reefs.

Sampling

Marine snakes were collected with permits from the
Department of Wildlife Conservation, Sri Lanka, by liaising
with local fishermen to obtain their marine snake by-catch
from 2010 to the end of 2012. Information including the
GPS location, distance (km) from the landing site, and collec-
tion time were recorded when available. Tissue samples (liver
or muscle tissue preserved in 70% Isopropyl alcohol) were
collected for DNA analysis in the laboratory from deadmarine
snake specimens. The specimens were identified following
descriptions and diagnoses of Rasmussen (2001) and Smith
(1926). A total of 189 voucher specimens were collected
while another 157 specimens were identified in the field but
were not vouchered. The voucher specimens were fixed in
10% formalin solution, washed thoroughly in running water,
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and later transferred to 70% Isopropyl alcohol. The voucher
specimens are accessioned in the Zoology Division in the
National Museum of Sri Lanka in Colombo (NMSL) and the
Zoology Museum at Girithale National Wildlife Research and
Training Center (NWRTC) of the Department of Wildlife
Conservation of Sri Lanka (Supplementary Material).

Voucher specimens were dissected to examine reproduc-
tive condition and the gut contents. The gut contents were
identified to the family level when possible. Reproductive
condition was examined only in females by examining for
the presence of vitellogenic follicles, oviducal eggs and em-
bryos (also see de Silva et al. 2011b). Standard measurements,
snout to vent length (SVL) measured from the tip of the snout
to posterior end of the anal plate, and tail length (TAL) from
posterior margin of anal plate to tip of tail, were taken from the
preserved specimens up to the nearest mm. The sum of SVL
and TAL was used to obtain total length of the specimens in
mm.When sample size was greater than 5, the total length was

averaged in females in reproductive condition to determine the
mean size at sexual maturity in each species. Studies on the
molecular systematics of the Sri Lankan snakes and IOmarine
snakes have already been published elsewhere. (See Ukuwela
et al. 2013; Ukuwela et al. 2014; Ukuwela et al. 2016;
Ukuwela et al. 2017a; Ukuwela et al. 2017b for further
details on the methods and outcomes of the individual
studies.) Comments on the systematics of the marine snakes
of Sri Lanka summarized here have been derived from find-
ings of the above studies.

Results

Diversity and distribution of marine snakes

The study documented 346 specimens of marine snakes be-
longing to 14 species (file snakes (Acrochordidae) 1, mud

Acrchordus granulatus  Cerberus rynchops  Gerada prevostiana 

Hydrophis curtus Hydrophis cyanocinctus Hydrophis fasciatus 

Hydrophis jerdonii Hydrophis lapemoides Hydrophis ornatus 

Hydrophis platurus Hydrophis schistosus Hydrophis spiralis 

Hydrophis viperinus  Microcephalophis gracilis 

Fig. 1 Sampling locations of the
study and the observed
distribution patterns of the marine
snakes. The numbers denote the
sampling sites, Mannar Island (1),
Vankale-Mannar (2), Puttalam
lagoon (3), Negambo (4), Kirinda
(5), Uppaveli-Nilaveli coast (6),
Pulmude (7), northern coastline of
Jaffna (8), Jaffna lagoon (9),
Hikkaduwa (10), Kumana (11),
Thampattai (12), and Pottuvil
(13). The pie charts represent the
proportional percentages of ma-
rine snakes observed in each site.
The gray area denotes the 120-m
isobath drawn from bathymetric
data obtained from the General
Bathymetric chart of the Oceans
(http://www.gebco.net/.)
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snakes (Homalopsidae) 2, viviparous sea snakes (Elapidae)
11) from Sri Lankan waters (Table 1). Acrochordus
granulatus, Hydrophis curtus, Hydrophis cyanocinctus,
Hydrophis schistosus, Hydrophis spiralis, and Hydrophis
viperinus were observed in relatively high abundance
(n>20). In comparison, Gerarda prevostiana (n=2),
Hydrophis platurus (n=4), andHydrophis jerdonii (n=1) were
recorded in very small numbers. Of the eight main sites sam-
pled, the northern coast of Jaffna had the highest species di-
versity with 9 species (Fig. 1). Mannar Island and Kirinda had
the next highest species diversity with five species each,
followed byVankale and Pulmude, both of which yielded four
species (Fig. 1). Based on by-catch data, the most widely
distributed species wereH. spiralis andH. curtus, which were
collected from six and five sampling sites respectively cover-
ing western, southern, northern, and eastern coasts of Sri
Lanka (Fig. 1). Gerarda prevostiana, Hydrophis fasciatus,
H. jerdonii, andH. viperinuswere only recorded from a single
site/region (Fig. 1). Below we provide accounts for each spe-
cies with notes on their distribution, habitat, abundance, and
natural history and highlight the taxonomic issues based on
our previous molecular phylogenetic analyses (Ukuwela et al.
2013; Ukuwela et al. 2014; Ukuwela et al. 2016; Ukuwela
et al. 2017a).

Analysis of gut contents

Of the 174 specimens examined for gut contents, 85 (48.85%)
specimens had stomach contents. Of these, only in 50
(58.82%) specimens were the contents identifiable while in
the rest (35), the contents were unidentifiable due to complete
digestion. In all the identified stomach contents, a single indi-
vidual (Hydrophis curtus) had an invertebrate (Mollusca,
Gastropoda, Babylonidae), while the rest had fish (98%).
Fish belonging to 10 families (Callionymidae, Clupeidae,
Congridae, Engraulidae, Gobiidae, Ophichthyidae,
Plotosidae, Sciaenidae, Siganidae, Synodontidae) were pres-
e n t i n t h e c o n t e n t s ( F i g . 2 ) . S n a k e e e l s
(Ophichthyidae: 20.83%) were the most dominant type of
prey observed in the stomach contents followed by gobies
(Gobiidae: 16.67%) (Fig. 2).

Species accounts

Acrochordus granulatus

This species (Fig. 3a) was collected from three locations, two
of which were brackish water habitats (Fig. 3d) and the other
was a shallow coastal location (Northern coast of Jaffna).
Total lengths ranged from 707 to 835 mm. Four gravid fe-
males were collected, two in May and another two in August
that had well-developed embryos (de Silva et al. 2010). The
four gravid females ranged between 707 and 731 mm in total

length. Two individuals contained partially digested gobies
(Gobiidae) in their guts. Based on our by-catch specimens
(113 (32%) out of 346), Acrochordus granulatus seems to
be a very common species that is caught in large numbers in
gill nets in the Puttlam lagoon.

Cerberus rynchops

Eight individuals (2.31% out of 346) (Fig. 3b) were collected
from brackish water habitats (Fig. 3d) from the northern, west-
ern, and eastern coastal regions of Sri Lanka. Total length
ranged from 518 to 668 mm. Two females collected in
January and June contained vitellogenic follicles and had total
lengths of 668 mm and 775 mm. Gut contents of two individ-
uals contained a partially digested fish that could not be iden-
tified and another contained a goby (Gobiidae). Our observa-
tions indicate that this is an uncommon species in brackish
water habitats that is regularly caught in fishing nets.

Gerarda prevostiana

Two juveniles (0.57% of 346) were caught as fisheries by-
catch from Vankale area in Mannar (Mannar district,
Northern Province) in the open ocean about 1 km off the coast
(Fig. 3c). Total lengths ranged between 175 and 196 mm. This
is a rare species in Sri Lanka known from only a few previous
records from brackish water habitats in western and north-
western coastal locations (see Somaweera et al. 2006,
Karunarathna et al. 2018). Based on analyses of the mitochon-
drial cytochrome b gene (Cyt-b), the Sri Lankan individuals of
G. prevostiana form a distinct clade with conspecifics in
Singapore with a pairwise divergence of 3.08–3.87%
(Ukuwela et al. 2017a).

Hydrophis curtus

This common species (24 (6.93%) out of 346) was frequently
collected from fishing nets of the coastal regions of northern,
eastern, and southern coasts of Sri Lanka (Fig. 4a). Total
lengths ranged between 446 and 911 mm. Females collected
in March, April, May, and October contained vitellogenic
follicles while two females collected in March and April
contained 4–10 eggs (mean number of eggs=8.67) (de Silva
et al. 2011b). The total length of females in reproductive con-
dition ranged between 539 and 911 mm (mean=717.00 mm,
SD=±114.45 mm) (Fig. 5). Gut contents included various
types of fish (Clupeidae, Engraulidae, Synodontidae) and a
shelled gastropod (de Silva et al. 2011a). Based on Cyt-b
analyses, the Sri Lankan population of H. curtus forms a
monophyletic group with other IO H. curtus populations,
and this clade differs from a West Pacific (WP) H. curtus
clade by 9.3–9.5% (Ukuwela et al. 2014).
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FOR APPROVAL

Hydrophis cyanocinctus

This common species (25 (7.22%) out of 346) was frequently
collected from the fishing nets of northern, eastern, and south-
ern coasts of Sri Lanka. Total lengths ranged from 454 to
1295 mm (Fig. 4b). Females collected in January, February,
and October contained vitellogenic follicles while a specimen
collected in August contained four eggs and another female
collected in May contained five fully developed embryos (de
Silva et al. 2011b). Females in reproductive condition ranged
between 757 and 1295 mm (mean=1109.91 mm,
SD=±167.29 mm) (Fig. 5). Gut contents comprised eel-tail
catfishes (Plotosidae), garden eels (Congridae), and gobies
(Gobidae). The Sri Lankan population of Hydrophis
cyanocinctus forms a monophyletic group with other sampled
IOH. cyanocinctus populations based on Cyt-b analyses. This
IO lineage is genetically divergent from their conspecifics in
Southeast Asia by a distance of 4.01–4.95% inCyt-b gene and
does not show a sister species relationship (Sanders et al.
2013; Ukuwela et al. 2016).

Hydrophis fasciatus

This uncommon species (9 (2.6%) out of 346) was recorded
only from the northern coastal region of the island (also see
Abyerami & Sivashanthini 2008) (Fig. 4c). Total lengths of
the sampled specimens ranged from 757 to 993 mm. Females
with vitellogenic follicles were recorded from May to August
while females with 4–7 eggs were recorded in August (mean

number of eggs and embryos =5.67, SD=±1.53). A female
with five partially developed embryos and one egg were re-
corded in January. The females in reproductive condition
ranged between 757 and 993 mm in total length
(mean=898.50 mm, SD=±94.38 mm) (Fig. 5). Phylogenetic
analysis of the Cyt-b gene indicates close affinities (mean p-
distance: 0.294%) between IO (i.e., Sri Lanka only) and
Southeast Asian populations of this species (Ukuwela et al.
2016).

Hydrophis jerdonii

A single specimen (0.28% of 346) with a total length of
902 mm was recorded from the northern coast of Jaffna in
January 2013 (Fig. 4d), in close proximity to the most recent
previous record of this species (Abyerami & Sivashanthini
2008). The specimen was a gravid female that contained three
eggs. The species seems to be rare in Sri Lankan waters.

Hydrophis lapemoides

This uncommon species (5 (1.44%) out of 346) was recorded
from two different locations in the northern coastal region of
Sri Lanka (Fig. 4e). The total length of the specimens ranged
between 674 and 853 mm, and the two females that were in
reproductive condition had total lengths of 674 and 763 mm.
A female with a total length of 674 mm collected in January
was gravid with 3 eggs.
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Fig. 2 Diversity of prey types observed in the stomach contents of marine snakes dissected in the study
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FOR APPROVAL
Hydrophis ornatus

This uncommon species (10(2.89%) out of 346) was collected
from the by-catch from northern, eastern, and southern coasts
(Fig. 4h). The total length of the specimens ranged between
335 and 925mm. Females with vitellogenic follicles and grav-
id females (n=4) with 2–3 eggs were collected in January and
had total lengths ranging between 615 and 925 mm (mean=
819.75mm, SD=±145.21mm) (Fig. 5). Gut contents included
gobies (Gobiidae) and eel-tail catfishes (Plotosidae). Based on
Cyt-b analysis, the Sri Lankan population of Hydrophis
ornatus forms a monophyletic group with other sampled IO
H. ornatus populations. However, this IO lineage is genetical-
ly divergent from H. ornatus in Southeast Asia by a distance
of 3.33–4.12% in the Cyt-b gene and does not show a sister
species relationship (Ukuwela et al. 2016).

Hydrophis platurus

Four specimens (1.15% out of 346) were recorded from three
locations from the southern and northern coasts. The total
lengths ranged from 316 to 764 mm (Fig. 4f). Two females
containing vitellogenic follicles were collected in May and
had total lengths of 721 and 764 mm. Phylogenetic analyses
of Cyt-bgene showed shallow genetic divergence (mean p-
distance: 0.148%) for two populations of this species spanning
the IO and WP (Ukuwela et al. 2016).

Hydrophis schistosus

This common species (21 (6.1%) out of 346) was regularly
collected from the by-catch mostly from brackish water

habitats along the northwestern and western coasts during
the study (Fig. 4g). However, four specimens were collected
from trawl nets as far as 3 km off the coast of Kudiramale
(north of Puttlam lagoon). The total length of the specimens
ranged from 513 to 1293 mm. Females with vitellogenic fol-
licles were collected in March while gravid females were col-
lected in June and their total length ranged between 621 and
1293 mm (mean=1054.88 mm, SD=±238.81 mm) (Fig. 5).
Litter sizes ranged between 7 and 16eggs/embryos per female
(mean number of eggs and embryos =12.17, SD=±3.43). Gut
contents were rabbit fish (Siganidae) and croakers
(Sciaenidae). Phylogenetic analyses of the Cyt-b gene recov-
ered two clades corresponding to populations in the IO (in-
cluding Sri Lankan individuals) and Southeast Asia, with
4.06–4.96% divergence between the two clades (Ukuwela
et al. 2016).

Hydrophis spiralis

This common species (28 (8.09%) out of 346) was regularly
collected in coastal fisheries (3–5 km off the coast) from
northern, southern, and western coasts (Fig. 4k). The total
length of the specimens ranged from 451 to 1672 mm.
Females with vitellogenic follicles were collected from
January to October while gravid females were collected in
January and October and the total length of females in repro-
ductive condition ranged between 823 and 1672 mm
(mean=1286.44 mm, SD=±297.11 mm) (Fig. 5). Litter sizes
ranged between 7 and 13eggs/embryos per female (mean
number of eggs and embryos =9.50, SD=±2.65). Gut contents
were identified as eels in the families Ophichthidae and
Muraenidae. Phylogenetic analysis of theCyt-b gene indicates

Fig. 3 Brackish water marine
snakes observed during the
survey; aAcrochordus
granulatus; bCerberus rynchops;
cGerarda prevostiana; d a
pristine mangrove, habitat of the
brackish water marine snakes
(photos; a, b—K.D.B. Ukuwela;
c, d—A. de Silva)
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FOR APPROVAL

Fig. 4 Viviparous sea snakes
observed during the survey.
aHydrophis curtus; bHydrophis
cyanocinctus; cHydrophis
fasciatus; dHydrophis jerdonii;
eHydrophis lapemoides;
fHydrophis platurus; gHydrophis
schistosus; hHydrophis ornatus;
iHydrophis viperinus (striped
form); jHydrophis viperinus
(plain form); kHydrophis spiralis;
lMicrocephalophis gracilis
(photos: a, j, k, l—K.D.B.
Ukuwela; b, c, d, e, e, g, h, i—A.
de Silva)
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FOR APPROVAL
weak population genetic structure between IO and Southeast
Asian populations of this species (Ukuwela et al. 2016).

Hydrophis viperinus

This common species (37 (10.7%) out of 346) was regularly
collected as fishery by-catch from coastal habitats (3–5 km off
the coast) in the northern coast of Jaffna (Fig. 4 i and j). The
total length of the specimens ranged from 505 to 773 mm.
Females with vitellogenic follicles were observed between
January and July while females with eggs (3–4) and embryos
(2–6) were observed from April to August (mean number of
eggs and embryos=3.60, SD=±1.52). The total length of the
females in reproductive condition ranged between 576 and
773 mm (mean =663.71 mm, SD=±65.83 mm) (Fig. 5). Gut
contents contained fish of the family Callionymidae (drag-
onets). Hydrophis viperinus populations in the IO and
Southeast Asian seas form two corresponding reciprocally
monophyletic groups and the populations are divergent in
the Cyt-b gene by 4.05–4.85% (Ukuwela et al. 2016).

Microcephalophis gracilis

This uncommon species (16 (4.62%) out of 346) was recorded
from the northern and southern coasts collected as fisheries
by-catch approximately 3–5 km off the coast (Fig. 4l). The
total length of the specimens ranged from 770 to 1244 mm.
Females with eggs and vitellogenic follicles were observed in
January, July, and December. Gravid females contained 4–7
eggs (mean number of eggs and embryos =5.00, SD =±1.41).
The total length of the females in reproductive condition
ranged between 813 and 953 mm (mean=887.83 mm,
SD=±55.46 mm) (Fig. 5). Gut contents were identified as
snake eels (Ophichthidae).Microcephalophis gracilis popula-
tions in the IO and Southeast Asian seas form reciprocally

monophyletic groups and the populations are divergent in
the Cyt-b gene by 4.53–5.44% (Ukuwela et al. 2016).

Discussion

The present study reports 14 species of marine snakes
(Table 1) from Sri Lankan waters. This represents 16% of
the currently known marine snake fauna in the world, 78%
of the marine snake diversity previously reported from Sri
Lanka, and 14% of the total snake fauna of Sri Lanka. We
discuss these findings with respect to the diversity, ecology,
systematics, distribution, and conservation of the marine
snakes of Sri Lanka.

Diversity and systematics of marine snakes of Sri
Lanka

The total diversity of marine snakes currently recognized in
Sri Lanka is 18 species (15 elapids, 2 homalopsids, 1
acrochordid) (Wickramasinghe 2012). In one of the earliest
reports on marine snakes, Wall (1921) listed all 22 of the
known IO species of marine elapids as occurring in Sri
Lanka. Subsequently, Deraniyagala (1955) revised this list
to include only 18 species of marine snakes and later works
by de Silva (1980) and (1990) listed 19 species. However, de
Silva (1994) suspected the occurrence of H. fasciatus,
Hydrophis caerulescens, Hydrophis nigrocintus, and
Lapemis hardwicki (now synonymized with H. curtus) in Sri
Lanka based on the records of these species byMurthy (1977)
off the southeast coast of Madras, India. Subsequently,
Balasubramaniam (2007) reported the occurrence of
Hydrophis mamillaris and Abyerami and Sivashanthini
(2008) confirmed the occurrence of H. fasciatus in Sri
Lanka. Though Laticauda colubrina was added to the list of

Fig. 5 Boxplot of the total length
of seven species of female marine
snakes in reproductive condition
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Sri Lankan sea snakes by Das and de Silva (2005), no speci-
men has been found in Sri Lankan waters.

Our present survey failed to locate any specimens of
Hydrophis bituberculatus, H. mamillaris, Hydrophis
stricticollis, Hydrophis stokesii, and L. colubrina. Although
the type locality of H. bituberculatus is Sri Lanka, it has not
subsequently been collected in Sri Lanka but has been collect-
ed in Thailand (Rasmussen 1992). The most recent survey on
marine snakes of Sri Lanka recorded H. stricticollis but failed
to record H. bituberculatus and H. stokesii (Wickramasinghe
& Rodrigo 2004). Historical surveys have also failed locate
these species from the region (Hallermann et al. 2001; Kharin
and Hallerman, 2009). Furthermore, we failed to locate any
specimens of H. bituberculatus and H. stokesii in the collec-
tions of the National Museum of Sri Lanka in Colombo. Thus,
the occurrence of H. bituberculatus and H. stokesii in Sri
Lanka needs to be re-evaluated. A recent survey reported a
single specimen of Hydrophis caerulescens from the Indian
coast of the Gulf ofMannar (Lobo 2006). Thus, the absence of
this species in Sri Lankan waters can be explained by its ex-
treme rarity in the region. The same can be concluded for
H. mamillaris that has only a single confirmed record in Sri
Lanka but several records in neighboring India (Hallermann
et al. 2001; Kharin and Hallerman, 2009). However, the oc-
currence of the banded sea krait (L. colubrina) in Sri Lanka is
doubtful despite its addition to the Sri Lankan list by Das and
de Silva (2005). Sea kraits are the most conspicuous of all
marine snakes due to their close association with land as they
come ashore to rest and lay eggs (Heatwole 1999). However,
so far a specimen has never been observed in Sri Lanka nor
seen resting or laying eggs in the coastal regions of Sri Lanka.
The closest place to Sri Lanka where L. colubrina occurs is
Andaman and Nicobar islands, which are more than 1200 km
from the east coast of Sri Lanka. Since L. colubrina is a
shallow water specialist, it is highly unlikely that it would
cross this large expanse of deep sea that separates the two
locations. Reasonably, Wickramasinghe (2012) did not in-
clude it in the recent most list of Sri Lankan snakes due to
the lack of confirmed specimens from Sri Lankan waters.

Most abundant species (n>20) observed in the survey were
A. granulatus, H. curtus, H. cyanocinctus, H. schistosus,
H. spiralis, and H. viperinus. It is most likely that the popula-
tions of these species are high; however, it is also possible that
it could be a sampling artefact as all these specimens were
collected from artisanal fisheries by-catch and these fishers
may be fishing in areas where these species are more abun-
dant. However, G. prevostiana, H. platurus, and H. jerdonii
were the least abundant species observed in the study. Our
island-wide sampling in both open ocean and brackish waters
indicates that both G. prevostiana and H. jerdonii could actu-
ally be very rare. However, the rarity of H. platurus could be
most likely due to a sampling effect as this is the most wide-
spread of all sea snakes in the world. Hydrophis platurus is a

pelagic species that is usually observed in open ocean habitats
about 5–10 km from the coast. The artisanal fishers we ob-
tained our specimens from, rarely fish in the deeper open
oceans. Thus, the rarity could most likely be due to this rea-
son. The complete absence of H. stricticollis is however inex-
plicable given the fact that the species was found in the most
recent marine snake survey (Wickramasinghe & Rodrigo
2004) and also by the availability of specimens in the
National Museum of Sri Lanka collected from the northwest-
ern coast.

Our phylogeographic analyses across the Indo-Pacific in-
dicated the presence of strongly supported and reciprocally
monophyletic lineages that correspond to the IO and
Southeast Asia/WP for G. prevostiana , H. curtus ,
H. schistosus, H. viperinus, and M. gracilis (Ukuwela et al.
2014; Ukuwela et al. 2016; Ukuwela et al. 2017a). On aver-
age, the intraspecific corrected pairwise genetic divergences in
theCytochrome b gene ranged between 2.5 and 9.5% between
the two lineages corresponding to the IO and Southeast
Asia/WP. Further, our analyses recovered distantly related
but cryptic lineages within both H. cyanocinctus and
H. ornatus in the IO and WP. Hydrophis cyanocinctus sam-
pled from the IO formed a sister lineage to a clade that
contained three highly morphologically divergent species, in-
cluding H. cyanocinctus from West Pacific (Southeast Asia
and Australasia), H. parviceps and H. coggeri (Sanders et al.
2013; Ukuwela et al. 2016). Similarly, H. ornatus from
Southeast Asia was sister to a clade that contained Southeast
Asian species H. lamberti and H. ornatus from the IO
(Ukuwela et al. 2016). Whether the paraphyly of H. ornatus
reflects phenotypic convergence or whether it is due to incom-
plete lineage sorting of molecular markers needs to be tested
using additional independent nuclear markers. This suggests
that the actual diversity and regional endemism of viviparous
sea snakes could be higher than currently known. Hence,
broader sampling across each species’ range and morpholog-
ical examinations are needed to delimit cryptic species bound-
aries and their corresponding geographic ranges. Moreover, in
addition to identifying morphological characters that may sep-
arate these cryptic lineages, it would be worthwhile to test for
the presence of gene flow between them, which would pro-
vide further evidence that could be used in species
delimitation.

Distribution of the marine snakes of Sri Lanka

Our by-catch data indicates that two species occur in many
different coastal regions of the island while several other spe-
cies are restricted to certain regions. The most widely distrib-
uted species, Hydrophis spiralis and Hydrophis curtus, were
collected in our study from northern, southern, western, and
eastern coasts of the island (Fig. 1). Museum records also
indicate that these species have also been collected from all
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over the island (Deraniyagala 1955; De Silva 1980; de Silva
1990; Somaweera 2006; Somaweera & Somaweera 2009).
Gerarda prevostiana, H. fasciatus, H. jerdonii, and
H. viperinus were only recorded from a single site/region.
The restricted distribution of G. prevostiana and H. jerdonii
can be explained by their low number in our sampling in Sri
Lanka (also see Ukuwela et al. 2017a; Karunarathna et al.
2018). However, our island-wide sampling suggests that
H. fasciatus and H. viperinus are restricted to the northern
coastal waters. Though H. fasciatus was rather an uncommon
species, the latter was caught in considerable numbers in the
northern coast of the Jaffna peninsula. This suggests that ob-
servation of H. viperinus only in the northern region during
the study is due to restricted distribution of this species rather
than rarity. Interestingly, H. schistosus was only observed in
two locations in the west coast, while previous reports were
also limited to lagoon and brackish water habitats of the west
coast (Deraniyagala 1955; De Silva 1980; de Silva 1990;
Somaweera 2006). Consistent with this, fishermen frommany
eastern coastal locations of the island failed to recognize pho-
tographs of H. schistosus despite its distinctiveness. This in-
dicates that H. schistosus is most likely restricted in distribu-
tion to the west coast despite the presence of suitable habitats
on the east coast. However, intense sampling in the coastal
brackish water habitats in the east coast is necessary to verify
this observation.

The findings of this study indicate that marine snake rich-
ness and abundances are differentially distributed across the
eight main study sites. These differences are most likely due to
the heterogeneity of the marine habitats at the study sites. The
higher species richness in the northern coast of Jaffna could be
explained by the large expanse of shallow seas (depth <120
m) in the region (Fig. 1). Given that hydrophiine sea snakes
generally prefer waters shallower than 100 m except
H. platurus (Heatwole, 1999), these shallow regions, which
extend up to the coast of India, may provide a variety of
habitats for sea snakes. The lowest species richness (2), which
was recorded from Negambo, can be described by the pres-
ence of a narrow shallow coastal region in the area (Fig. 1).
However, this region has significant areas of Mangroves,
which provide ideal habitats for brackish water species such
as C. rhynchops, A. granulatus, and G. prevostiana
(Bambaradeniya et al. 2002). However, except the brackish
water species H. schistosus, the latter three species were inex-
plicably absent in the fishery by-catch given thatC. rhynchops
and A. granulatus have been previously recorded from the
region (Bambaradeniya et al. 2002). It is however possible
that the fishery encountered in the survey were mainly open
ocean fishers rather than lagoon fishers. By-catch of Puttlam
lagoon consisted only of three brackish water species
(C. rhynchops, A. granulatus, and H. schistosus) indicating
that the fishing was restricted to the lagoon. As the specimens
in the study were based on fisheries by-catch, information of

exact site of collection in the sea, habitat, GPS coordinates,
and depth are unavailable. Hence, it is impossible to explore
the environmental determinants of species richness and abun-
dances of marine snakes. These differences could also be due
to differential fishing practices. Although fishing practices
such as gill netting and angling by artisanal fishers and
trawling were observed in the eight main study sites, except
in one occasion, all the specimens obtained in the study were
from gill nets laid by artisanal fishers. Hence, it is very unlike-
ly that observed differences in the diversity and abundances
were due to different fishing practices.

Natural history of the marine snakes of Sri Lanka

In contrast to the Southeast Asian region (Voris 1966; Voris
et al. 1978; Voris & Jayne 1979; Voris & Glodek 1980; Voris
& Moffett 1981; Voris & Voris 1983; Jayne et al. 1988), com-
paratively few studies have been conducted on the aspects of
ecology and natural history on the marine snakes of the IO or
the South Asian region (Lobo et al. 2004; Lobo et al. 2005).
The few studies that are available are mostly preliminary or
anecdotal observations on the natural history (Voris 1972;
Karthikayan et al. 2008; Padate et al. 2009; de Silva et al.
2011b; Razzaque Sarker et al. 2017). Though the natural his-
tory observations reported here are also anecdotal, the informa-
tion provided adds important insights to ever increasing knowl-
edge on the aspects of natural history such as diet and repro-
duction of IO populations of many species of marine snakes.
Our observations on the gut contents indicate thatH. curtus is a
generalist (Clupeidae, Engraulidae, Synodontidae, Gastropoda)
in feeding habits while M. gracilisis a species that specializes
on snake eels (Ophichthyidae). BothM. gracilis andH. spiralis
seemed to be specializing on eel-type fish (i.e., fish with elon-
gated bodies and no pelvic fins: Congridae, Ophichthyidae,).
Similarly, H. cyanocinctus and H. ornatus seem to specialize
on bottom dwelling fish (e.g., Congridae, Gobiidae,
Plotosidae,). These observations in general are in agreement
with Voris and Voris (1983).

Detailed information on the reproduction of marine snakes
is scarce throughout their range and is available for
A. granulatus (Voris & Glodek 1980), Emydocephalus ijimae
(Masunaga & Ota 2003), H. cyanocinctus (Karthikayan et al.
2008), H. schistosus (Voris & Jayne 1979), Aipysurus
apraefrontalis, A. duboisii, A. mosaicus, H. caerulescens,
H. czeblukovi, H. elegans, H. kingi, H. major, H. pacificus,
Hydrophis peronii, H. platurus, and H. zweifeli (Fry et al.
2001). Thus, relatively very little is known about the repro-
ductive habits of other species of marine snakes and other
studies have reported brief notes on the reproduction of ma-
rine snakes collected as by-catch (Ward 2001; Padate et al.
2009; de Silva et al. 2011b). However, with the exception of
sea kraits (Laticauda), it is well known that all marine snakes
are ovoviviparous and give birth to fully developed live young

Marine Biodiversity_#####################_ Page 11 of 15 _####_

Lena Menzel
Hervorheben

Lena Menzel
Notiz
and

Lena Menzel
Hervorheben

Lena Menzel
Notiz
remove comma

Lena Menzel
Hervorheben

Lena Menzel
Notiz
and

Lena Menzel
Hervorheben

Lena Menzel
Notiz
and

Lena Menzel
Hervorheben

Lena Menzel
Notiz
and

Lena Menzel
Hervorheben

Lena Menzel
Notiz
and

Lena Menzel
Hervorheben

Lena Menzel
Notiz
and

Lena Menzel
Hervorheben

Lena Menzel
Notiz
and

Lena Menzel
Hervorheben

Lena Menzel
Notiz
and



FOR APPROVAL

at the end of the gestation period (Heatwole 1999). The pres-
ence of mature eggs and embryos in marines snakes sampled
in this study from December to August indicates almost year-
round reproduction. However, our unevenly distributed sam-
pling throughout the year makes it impossible for us to deter-
mine the reproductive seasonality of any of the species report-
ed here. In this study, all the gravid females of H. schistosus
were found in June and it has been stated that the gestation
period of H. schistosus is from November to March in
Southeast Asia (Voris & Jayne 1979; Lemen & Voris 1981).
Though this might indicate a difference in the reproductive
seasonality of the two populations in the IO and Southeast
Asia, year-long multiyear sampling will be required to deter-
mine the reproductive cycles of this species and as well as
other species in this region. The lowest number of eggs in
gravid females was observed in H. viperinus (3.60) while
the highest number was observed in H. schistosus(12.17).
This is comparatively low when compared to H. schistosus
populations in Southeast Asia that has high quantities (30) of
mature eggs (Voris & Jayne 1979). However, thorough com-
parative studies are necessary to examine the differences in the
reproductive biology of the two populations. The largest fe-
males in reproductive condition were observed in H. spiralis
(mean total length of 1286.44 mm) (Fig. 5) and the smallest
females in reproductive condition were observed in
H. viperinus (mean total length of 663.71 mm) (Fig. 5). This
can be expected given the large size of H. spiralis (average
total length = 1600 mm) and the small size of H. viperinus
(average total length = 800 mm) (Wall 1921; Smith 1926;
Deraniyagala 1955). Given the availability of limited

information of many species of marine snakes, we believe that
the anecdotal observations on the reproduction of H. curtus,
H. fasciatus,H. spiralis,H. viperinus, andM. gracilis reported
here are significant contributions to the knowledge on the
reproductive biology of marine snakes of the IO as well as
the whole group.

Conservation of the marine snakes of Sri Lanka

The specimens reported in this study were collected as by-
catch of local fishing during a period of 3 years with sporadic
sampling distributed unevenly through the year. Although
marine snakes are harvested for skins in other regions of
Asia (Auliya 2011), there was no indication of deliberate har-
vest in Sri Lanka (also see de Silva et al. 2011a). However, our
observations indicate that nearly 96% of the marine snakes
captured by the artisanal fishers either were dead or died after
retrieval from the nets. However, most of the snakes observed
in the by-catch did not have visibly observable injuries (Fig.
6). This likely indicates that snakes either died due to drown-
ing or due to suffocation as a result of strangulation in the nets.
Such high rates of mortality must be definitely posing a major
threat to these species in Sri Lanka (also see de Silva et al.
2010) (Fig. 6) and it is presumed to be the major threat for
marine snakes in other regions of South Asia as well
(Razzaque Sarker et al. 2017; Ganesh et al. 2019). A recent
study in the western coast of India indicates comparatively
higher annual by-catch (385 snakes per annum) (Rao et al.
2021) compared the findings of this study (138 snakes per
annum). The reason for this discrepancy in the annual by-

Fig. 6 Marine snake by-catch in
Sri Lanka; a Freshly caught
Microcephalophis gracilis and
Hydrophis viperinus in the north-
ern coast of Jaffna peninsula; b
carcasses of Acrochordus
granulatus caught in a single net
in Puttlam lagoon; c a pile of vi-
viparous sea snake carcasses at a
fish landing site in the northern
coast of Jaffna peninsula (photos:
a and c—K.D.B. Ukuwela; b—A.
de Silva)
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catch could be that the latter study examined a significantly
higher number of trawls (65) (Rao et al. 2021) compared to
that in this study (1). Many specimens reported here were
gravid females and fully developed males that may be in re-
productive condition. Thus, continuous removal of sexually
mature individuals in reproductive condition could have dras-
tic effects on the population sizes of these marine snakes.
Further, changes in the coastal environment such as destruc-
tion of mangrove habitats may also pose a significant threat to
brackish water species such as A. granulatus, C. rynchops,
and G. prevostiana. Though we found several cases of man-
grove habitat destruction, our sampling was inadequate to find
direct evidence for effects of habitat destruction on the popu-
lation declines of marine snakes. Thus, a continuous monitor-
ing strategy needs to be implemented immediately to docu-
ment the long-term effects of by-catch and habitat destruction
on population dynamics and recruitment of marine sea snakes
in Sri Lanka as well as the rest of South Asia.

It was also revealed during discussions with fishers at the
study sites that entangled marine snakes are deliberately killed
at sea to avoid being bitten. Bites from highly venomous ela-
pid sea snake are not very common in Sri Lanka despite the
routine exposure to highly venomous elapid sea snakes during
fishing activities (de Silva & Fernando 2018). However, dur-
ing the past 30 years, only a handful of sea snake bites have
been reported in the island (de Silva & Fernando 2018) which
has also resulted in a low number of mortalities (Kularatne
et al. 2014; Vithanage & Thirumalavan 2013). This suggests
that envenoming and life-threatening conditions due to sea
snake bites in Sri Lanka are less prevalent in comparison to
bites by venomous terrestrial snakes (Ediriweera et al. 2016).

Our findings are important in light of the fact that many
species of IO marine snakes that are co-distributed in
Southeast Asia and Australasia are genetically divergent from
their conspecifics, with many forming cryptic lineages (see
above and also (Ukuwela et al. 2014; Ukuwela et al. 2016;
Ukuwela et al. 2017a). Although these cryptic lineages are
not yet confirmed as valid species, due to their genetic distinc-
tiveness from their conspecifics from Southeast Asia/WP, they
qualify as “evolutionary significant units” (ESU) (Ryder 1986;
Moritz 1994). Comparative phylogeographic data from many
species of viviparous sea snakes suggest the presence of at least
two ESU’s that correspond to the IO and Southeast Asia/WP
(Ukuwela et al. 2014; Ukuwela et al. 2016; Ukuwela et al.
2017a). Divergence dating indicates that the viviparous sea
snakes spanning the IO and WP have long (between 2.5 and
0.5 million years) and complex evolutionary histories in the
region (Ukuwela et al. 2014; Ukuwela et al. 2016) with a
unique conservation value and thus should be considered sep-
arate conservation management units. Marine protected area
networks currently ignore marine snakes due to the lack of data
for these potentially vulnerable species. Further, there are cur-
rently no conservation policies that target sea snakes in terms of

fishing practices, trade restrictions, or protected areas
(Livingstone 2009). On a broader scale, results from our studies
indicate significant limits to genetic connectivity amongmarine
snake populations (e.g., H. curtus) spanningthe Indo-West
Pacific (Ukuwela et al. 2014). Hence, the identification of these
distinct phylogeographic regions through comparative phylo-
geographic approaches is critical for regional-scale marine con-
servation planning in the IO and the WP (Sala et al. 2002;
Reaka & Lombardi 2011). Thus, findings on the systematics
and population genetic structure (reported elsewhere) of marine
snakes can be used not only to inform future marine snake-
oriented conservation, but may also be used to inform marine
reserve planning in the IO, Sri Lanka, and the WP.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s12526-022-01259-3.
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