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Abstract: 

The snake family Acrochordidae (non-
venomous) includes the single genus, 
Acrochordus. All three Acrochordus species are 
aquatic snakes and confined to tropical oceans 
inhabiting coastal ecosystems of the Indo-
Aus t ra l ian reg ion . The th ree ex tan t 
Acrochordus species exhibit strikingly different 
ecology, scalation, internal anatomy, and 
osteology. They have some of the most 
functional morphology and physiology for life 
in the aquatic environment compared to 
terrestrial and amphibious species viz sea 
kraits. Acrochordus granulatus is the most 
widely distributed species. There is little 
information recognized about the factors 
influencing the spatial and temporal stability of 
this specie’s population. The species is 
commonly caught as bycatch in India that 
could lead to significant mortality. However, 
there is no data on status assessments of these 
snakes available. Long-term monitoring of 
populations is essential to evaluate the success 
of the persistence of marine snakes. This paper 
aims to compile the existing information on 
diversity, biology, and ecology of A. 
granulatus. Also, it highlights the threats to the 
sea snakes in general including the impact of 
pollut ion on the coastal and marine 
environment. 
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Introduction: 

Reptiles play an essential role in ecological 
processes. However, reptiles’ roles in 
ecosystems, especially those inhabiting coastal 
areas are undervalued (De Miranda, 2017). Sea 
snakes are confined to the warm tropical 
waters of the Indian Ocean and western Pacific 
Ocean (Stidworthy, 1974). They mostly occupy 
coral reefs, intertidal areas and muddy beaches 
(Venkataraman et al . , 2012). Several 
adaptations have permitted sea snakes to 
accommodate to the marine environment 
(Damotharan et al., 2010). The marine 
adaptations include swimming, respiration, salt 
excretion, marine fouling and skin shedding 
(Heatwole, 1999). They also have developed 
an oar like tail that further enhances their 
locomotion in water.  A posterior sublingual 
gland under their tongue concentrates and 
excretes excess salt water from their body 
(Greene, 1997). Sea snakes shed their skin 
more often than land snakes, to remove fouling 
organisms like barnacles (Heatwole, 1999; 
Cogger, 2000; Karleskint et al., 2012).  Sea 
snakes play a crucial trophic role in near-shore 
marine ecosystems as predators (Venkatraman 
et al., 2012). They are protected in India under 
the Indian Wildlife Protection Act, 1972 - 
Schedule IV (Whitaker et al., 2004). Though 
they are ubiquitous, detailed information on 
these snakes lacks in India. 

Family: Acrochordidae: 

The family Acrochordidae (file snakes), 
consists of three extant species distributed over 
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the tropical regions of the eastern Indian Ocean 
and the western Pacific (Ng, 2011). They are 
the Arafura file snake (Acrochordus arafurae), 
the Elephant trunk snake (Acrochordus 
javanicus) and the Li t t le f i le snake 
(Acrochordus granulatus). The Little file snake 
i s t h e s m a l l e s t m e m b e r o f f a m i l y 
Achrochordidae. All three living species of the 
Acrochordidae use a combination of aquatic 
environments ranging from freshwater to 
seawater and have been living in coastal 
habitats since 90.7 million years (Vidal et al., 
2009).   

Acrochordus species account: 

The three extant Acrochordus species displays 
noticeable difference in ecology, scalation, 
internal anatomy and osteology (McDowell, 
1979). The head is covered with small granular 
scales; nostrils in annular nasals are rimmed, 
c lo se ly s e t and no cepha l i c s cu t e s 
(Deraniyagala, 1995). The color pattern of the 
body exhibits alternate rings of dark brown and 
buff broadest on the side while narrow on the 
top, which become sub-equal at mid-body 
(Deran iyaga la , 1995) . The sku l l o f 
Acrochordus characterized by the absence of a 
crista circumfenestralis (asynapomorphy) 
shared by all three species of Acrochordus 
(Rieppel and Zaher, 2001). Eco-toxicological 
studies revealed heavy metals such as 
aluminum, cromium, copper, iron, mercury, 
manganese, lead, strontium, zinc found in nine 
A. javanicus from the Indomalayan  and 
Australian zone (Grillitsch and Schiesari, 
2010).  Acrochordus granulatus occupy a 
unique phylogenetic position (See Williams et 
al., 2006; Pyron et al., 2013; Zheng and Wiens, 
2016). Acrochordus species diverged in the 
Miocene epoch i.e., between 16 and 20 million 
years ago (Sanders et al., 2010). Acrochordus 
granulatus (Schneider, 1799) previously 
classified in a separate monotypic genus 
(Chersydrus; Sanders et al., 2010). Sanders et 
al. (2010) provided the first phylogeny for the 
three extant species using Bayesian and 

parsimony analyses of one mitochondrial and 
two nuclear gene sequences. 

Acrochordus granulatus – Morphology and 
Distribution: 

 Unlike other marine snakes of Hydrophiinae 
sub-family, A. granulatus bear thin and slender 
tails like terrestrial snakes (See Figure 1b).  
They usually reach a maximum length of about 
90-120 cm (SVL; Rao and Muralidharan, 
2017) and show sexual dimorphism; females 
are larger than males (Wangkulangkul et al., 
2005). The size at maturation in both sexes is 
58 cm (SVL) in Thailand (Wangkulangkul, 
2004). Distribution of A. granulatus is reported 
in China, Australia, Indonesia, Bangladesh, 
India, Malaysia, Myanmar, Philippine Islands, 
Singapore, Sri Lanka, Thailand, Vietnam and 
Australia North coast (Voris and Glodek, 
1980). Also, this species is distributed in all 
marine coasts of India from Gujarat to West 
Bengal, Andaman and Nicobar Islands. The 
coasts of Gujarat are probably its western most 
limits (Murthy, 1986; Harikrishnan et al., 
2010). They typically inhabit streams, lagoons 
and other areas of permanent fresh water 
estuaries and occasionally enter the sea 
(Lilywhite, 1996). Further, it is found to be 
active in shallow water, no deeper than 20 
meters (Wall, 1921). This species can be seen 
in coastal wetlands and estuaries of Sri Lanka 
(Deraniyagala, 1995). 

Physiology: 

Acrochordus granulatus require fresh water 
and will drink it periodically when living in a 
range of salinities from seawater to fresh water 
(Lillywhite, 1996). Further, it has a higher 
relative blood volume (% body mass) than 
other snakes, since they have more red blood 
cells which help to carry more oxygen (Feder, 
1980). They have some of the most specialized 
morphology and physiology for life in 
saltwater compared to other marine reptiles, 
including the greatest capacity to store oxygen 
found in any vertebrate (Heatwole, 1999). This 
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snake is capable of exceptionally prolonged 
submergence; maximum submergence time 
averaged 70% longer than in other marine 
snakes (Feder, 1980).  In A. granulatus blood 
parameters such as plasma lipids, plasma 
cholesterol, plasma proteins and serum calcium 
greatly increased during the breeding period 
(i.e. during late December to early January); 
come to basal level and remain normal 
throughout the nonbreeding period (i.e. during 
late January to early November in India; 
Phadke and Padgaonkar, 2003). Rise in these 
blood parameters is due to the secretion of the 
ovarian estrogen, since only steroids are able to 
bring about such effect (Phadke and 
Padgaonkar, 2003). The parathyroid gland of 
the snake, A. granulatus , secretes a 
parathormone-like factor (Warbhuwan and 
Padgaonkar, 1996).  The expected plasma 
changes associated with vitellogenesis in the 
annual ovarian cycle (Phadke and Padgaonkar, 
2003). 

Acrochordus granulatus are sensitive to low  

temperatures and rapid thermal changes 
(Lilywhite, 1996). A. granulatus is usually a 
nocturnal species, during the day it hides inside 
burrows in mud or among rooted vegetation 
(Lilywhite, 1996).  Additionally, each scale 
contains a mechanoreceptor that may be used 
to locate fish in turbid water (Povel and Kooij, 
1996).  The diving and metabolic physiology 
of this species is highly specialized and reflects 
the demands of estuarine environments. A 
capability for prolonged aerobic diving can be 
attributed to low rates of oxygen consumption, 
high capacity for oxygen storage, nearly 
complete utilization of the oxygen stores, and 
cutaneous gas exchange (Lilywhite and Tamir, 
1994). This species is primarily ammonotelic 
and requires a source of fresh water for 
elimination of nitrogenous wastes (Lilywhite, 
1996). The requirement for fresh water 
potentially limits seaward migration due to the 
dependence of snakes on rivers or coastal 
rainfall. Adaptations for shallow-water diving 
conceivably further limits seaward migration,  
with the result that they have evolved as  
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Figure 1a, File sea snake Acrochordus granulatus caught as bycatch in Amba estuary, Maharashtra, India

https://www.researchgate.net/scientific-contributions/2089717998_AS_Padgaonkar
https://www.researchgate.net/scientific-contributions/2089717998_AS_Padgaonkar
https://www.researchgate.net/scientific-contributions/28139211_AP_Warbhuwan
https://www.researchgate.net/scientific-contributions/2090181597_AS_Padgaonkar
https://www.researchgate.net/scientific-contributions/2090181597_AS_Padgaonkar
https://www.researchgate.net/scientific-contributions/2089717998_AS_Padgaonkar


Captive & Field Herpetology Volume 4 Issue 1 2020

Accepted Manuscript

Figure 1b, File sea snake Acrochordus granulaus caught as bycatch in Amba estuary, Maharashtra, India
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estuarine specialists that are restricted from 
deeper waters and the open ocean (Lilywhite 
and Tamir, 1994).  

Trophic Ecology: 

Unlike other sea snakes i.e. elapids, A. 
granulatus are non-venomous and feed on 
crustaceans and gobid fish, which are abundant 
in estuaries (Ng, 2011).  In A. arafurae females 
ambush prey in deep water while males 
actively search for prey in shallow water 
(Vincent et al., 2005). Further, A. granulatus 
show low feeding frequencies and prolonged 
gestation in adult females (Bergmann, 1958; 
Gorman et al., 1981). 

Reproduction: 
    
Reportedly, the breeding season of this species 
in Phang Nga Bay, Thailand begins in July 
(Padate et al., 2009). Their reproduction is 
seasonal, being ovo-viviparous, directly giving 
birth up to five young individuals (Voris and 
Glodek, 1980; Shine and Houston, 1993).  
They are capable of breeding in freshwater 
(Waterwatch, 2002).   

Threats: 
   
One of the important destructive activities is 
by-catch of sea snakes during trawl nets, which 
could lead to significant mortality (Lobo, 
2007). Sea snakes captured in a trawl operation 
are prevented from surfacing to breathe. This is 
coupled with several other factors such as 
depth, fishing crafts such as trawl and gill nets 
in the trawling operation result in their 
mortality (Lobo, 2006). Some gravid female 
sea snakes die due to stress of being trapped in 
fishing nets (Rao and Muralidharan, 2017). 
The level of mortality of sea snakes within 
trawls also depends on the depth of the trawl, 
weight and size of the catch (Milton, et al., 
2009). Pelagic and coastal marine habitats 
suffer from intensive and destructive fishing 
and land-use practices that potentially threaten 
sea snakes (Heatwole, 1997; Wassenberg, et 

al., 2001). Sea snakes are susceptible to high 
mortality from trawling and are at risk of 
extinction (Milton et al., 2009).   

Bycatch Records: 

Of the 30 sea snakes found along the Indian 
coast, there are 18 species that are frequently 
caught as bycatch, A. granulatus is one among 
them ( Lobo et al., 2004, 2005; Lobo, 2006; 
Karthikeyan and Balasubramanian, 2007; 
Padate et al., 2009; Muthukumaran, 2015; 

Jeyabaskaran, 2015; Venkatraman, et al., 
2015).  The effects of the exploitation or by 
catch on the sea snakes are almost unknown 
except limited information is available from 
the Philippines and Australia (Ward, 2000; 
Wassenberg et al., 2001; Heales et al., 2008). 
Trawling in the Amba estuary is difficult and 
risky due to uneven sub tidal topography. 
Experimental trawling was carried out at four 
stations in Amba estuary (180 45’ N & 730 10’ 

E) during low and high tides for five 
consecutive days in pre and post monsoon in 
2014 from the mouth of the estuary along the 
creeks of Amba estuary, India. Bottom trawling 
was undertaken wherever possible using a high 
opening bottom net of 20.7 m (636 meshes of 
50 mm) length. Trawl net of mesh size 1 – 1.5 
inch was used to catch fish.  

During experimental trawling A. granulatus 
was caught (Figure. 1a,b) in Amba estuary (180 

45’ 16.3” N 720 59’ 11.4” E). The snake was 
non-offensive and released back to the estuary 
immediately. The length of the snake was 
about one meter and the snake was undergoing 
dysecdysis (See Figure. 1 a, b). Lilywhite, 
(1996) reported that A. granulatus unusual 
shedding behaviour in captivity by knotting. 
Earlier bycatch incidence was reported during 
trawling in Ratnagiri in December 2013 
(Swapnil, pers. comm.).  Recently, Rao and 
Muralidharan (2017) reported A. granulatus 
bycatch in Malvan during trawling in January 
2017.  Reportedly the snake was lethargic and 
fishermen usually handle them routinely, they 
are typically reluctant to bite when handled, 
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even when injured (Wall, 1921; Ng, 2011; 
Stuebing et al., 2014). 

 Bycatch Prevention: 

Most of sea snakes caught as by-catch are 
discarded. To reduce bycatch related 
mortalities exclusion devices has been used for 
sea turtle (Werner et al., 2017). The same 
management strategies, such as the use of 
excluder devices with spatial closure in trawl 
nets can be designed and implemented to avoid 
incidental capture of sea snakes in the trawl 
nets (Udyawer, 2015),  

Conservation:  
    
In general, sea snakes are exploited for their 
meat, skin and internal organs in many parts of 
the world and are sometimes internationally 
traded (Heatwole, 1997). However, they are 
not currently protected under (CITES) 
Convention on International Trade in 
Endangered Species of Wild Fauna and Flora 
(IUCN, 2009). Detailed information on Sea 
snake’s biology and natural history is not 
available and they are impacted by a number of 
human activities, including harvesting for food, 
leather (Heatwole, 1997), incidental mortality 
in fishing operations (Milton 2009; Courtney et 
al., 2010) and degradation of coastal habitats 
(Bonnet et al., 2009). Sea snakes are also 
threatened by the damming of rivers, 
construction of barrages, fishing pressure, 
pollution and dredging activity (Naidu et al., 
2016). Commonly caught by-catch sea snakes 
exploited for skin and used for the pet trade in 
western countries, and in Philipines A. 
granulatus is hunted for its skin, where it is 
used as leather and to make drums (Buddy and 
Kay, 2006; Smith, 1943). Currently, sea snakes 
are caught and commercially traded in Gulf of 
Thailand (Nguyen et al., 2014). Although, A. 
granulatus are considered as Least Concerned 
category in IUCN (2009) red list, this species 
listed as nationally threatened in Sri Lanka 
(Kekulandala and Wickramasinghe, 2006; 
IUCN Sri Lanka, 2000). 

 The incidental, unintentional take of non-
commercial and non-target species in fishing 
gear has been an ever-increasing threat to the 
marine life and considered one of the major 
threats to marine biodiversity. Incidental 
capture and consequential removal of predators 
such as sea snakes by commercial fishing 
operations could have negative impacts on the 
functioning of marine ecosystems (Lobo, 
2006). This leads to commonly encountered 
by-catch in fishing operations (Lobo et al., 
2004).  
   
Heavy metals such as Mercury, are being 
circulated in a marine food chain due to 
various natural and anthropogenic activities. 
Further, requisite action is needed in order to 
control the anthropogenic activities that are 
responsib le for Polycycl ic Aromat ic 
Hydrocarbons and metal contamination in the 
coastal environment. Reptiles living in polluted 
habitats also accumulate trace elements, which 
are expelled when the skin is sloughed 
(Loumbourdis, 1997; Campbell and Campbell, 
2001; Hopkins et al., 2001; Jones and 
Holladay, 2006), concentrations of trace 
elements were higher in snakes from urban-
industrial areas and higher in darker than paler 
skin (Goiran et al., 2017). The effect of 
pollution and survival rate after getting 
entangled in fishing on the distribution and 
abundance of   A. granulatus is unknown and 
thus merit for further evaluation.  

Conclusion: 

Information on the movement, dispersal and 
ecological association with other organisms of 
A. granulatus is lacking. Less information is 
available about the physiological tolerance in 
marine environment. Understanding major 
distribution and essential microhabitats of 
these species can help to minimize the 
encounter of the bycatch problem. Gathering 
information on breeding cycles, bycatch 
mortality, growth rates, population density and 
sexual maturity would help in formulating 
management plans. We aim to develop 
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awareness programs for better understanding 
of cumulative impacts affecting on sea snakes 
in inshore habitat. In addition, an education 
campaign should be designed to educate 
fishermen on the general biology, potential 
dangers and species identification of sea snakes 
in general, that would help to reduce the 
negative interaction of sea snake in its 
distribution area and the setting up of proper 
treatment facilities in the event of casualties 
could help to save human lives. 
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