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Abstract

Sea caves are one of the integral parts of the marine environment. The studies on faunal presence in this cave are 
one of the interesting studies, which deprived in this environment. An attempt is made to know the status of this study 
in Indian marine environment, a review was carried out and the results are presented in this research article. The results 
showed that, this area of research is not carried out in Indian waters and highly needed for this marine environment 
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Introduction

Marine habitats have always been fascinating with 
their captivating beauty and the enormous diversity 
comprising distinctive flora and fauna. Sea caves are one 
of the marine environments which aboard a large array 
of organisms and are an integral part of marine hotspots 
(Gerovasileiou and Voultsiadou, 2012). The world’s 
longest sea cave is the Matainaka Cave, situated on the 
South Island of New Zealand with 5051 feet in length. The 
surging and thrusting of the waves on the carbonate rocks 
cause them to erode for more extended time periods leading 
to the formation of a cave. They are pristine environments 
characterized by broad gradients of environmental 
eccentricity that records climate through time (Illifet al., 
1984). Many limestone caves containing Fresh water and 
salt water have been identified extensively as a part of 
anchialine habitats in the past years (Iliffe and Kornicker, 
2009). The absence of light, inadequate nutrient supply, 
steeper salinity levels, presence of active sulphuric acid, 
fluctuating pH, carbon and nitrogen conditions are some 
extreme features of a Sea cave ( D’Angeliet al.,2019, 
Zeppilliet al., 2018). Chemoautotrophic microbes use the 
steep redox interfaces in the cavern water section to reduce 
inorganic carbon mixing using sulphides or ammonium 
as electron benefactors in the sulfur-rich, deoxygenated 
cave environments. (Canganellaet al., 2006, Jamie and 
Boxshall, 2009). Food in the stygobitic condition might 
be scant or inconsistent, so the stygofauna need to adapt 
to the worldly periodicity of food accessibility and 
conceivably endure significant stretches of starvation 

(Bishop and Iliffe, 2005). There are a lot of meiobenthic 
organisms like Nematodes, Polychaetes, Copepods, 
Foraminifera, Tardigrades, Gastrotrichs, Kinorhynchs, 
Ostracods, etc. which are found profusely in the caves than 
the macrobenthic organisms (Fichez, 1990;Sandulliet al., 
2014;Todaroet al., 2006). 

Studies on macrofauna have been carried out in 
different anchialine and marine caves. Macrofauna also 
has survival instincts to live in the hypoxic and anoxic 
conditions of different caves (Iliffe and Kornicker, 2009). 
A marked increase in studies of the occurrence, biology, 
DNA barcoding, and distribution of macro invertebrates, 
especially crustaceans, has been observed in recent years 
(Iliffe and Kornicker, 2009). Exclusion or absence of 
optical organs, lack of pigmentation, sensory functions 
that do not reckon on radiant energy for food or predator 
detection, and other behavioral adaptations aid their 
continued existence (Bishop and Illiffe, 2007). A higher 
number of discoveries on sessile and mobile macrofauna 
has been reported from the caves found in the Caribbean 
and Meditteranean regions (Bussotti, 2004; Gerovasileiou 
and Voultsiadou, 2012). Unique cavefish assemblages 
are identified in Mediterranean Sea caves with exclusive 
patterns of compositional diversity (Bussottiet al., 2015; 
Guarnieriet al., 2012). Similarly, investigations proved 
that even snails, sponges, worms, fishes, Echinoderms 
that show endemism, etc., colonize in anchialine caves 
and marine caves (Solis et al., 2010; Vacelet and Perez, 
1998). Thus the macrofauna diversity studies prove them 
as the vital organisms in caves that help us to enhance our 
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knowledge on endemic cave biota (Gerovasileiou et al., 
2015). 

Foraminifera 

Foraminiferans are ubiquitous group of organisms 
that are considered as paleoenvironmental indicators 
having the ability to secrete tests that are made of 
CaCO3, mucopolysaccharide and SiO2 (Van Hengstumet 
al., 2008). Studies conducted in Yucatan Peninsula 
where extensive anchialine cave networks with tidally 
influenced surface pools containing salt water formed 
by Spleogenesis revealed the presence of foraminiferans 
like  Jadamminam acrescens, Tritaxis sp.,Ammonia 
tepida, Elphidium sp.,  abundantly  (Holthuis, 1973; 
Van Hengstumet al., 2008). Foraminiferan study reports  
collected fromAktun Ha caves in Mexico documented 
Bolivina sp., assemblage as dominant followed by 
Elphidium sp., Rosalina subaracuana et which might 
have got transported into the marine caves by coastal 
upwelling and Ocean circulation (Alve and Goldstein, 
2003; Van Hengstumet al., 2019,). The change in salinity 
in the coastal aquifier may be the primary factor in the 
environment that affects the presence of foraminiferan 
groups and the peripheral factors includes the sources 
and flux of sediment materials and natural issues (Van 
Hengstemet al., 2011). Bel Torrento and Bue Marino caves 
of Italy are recognized as ecozones and the environmental 
conditions had a similarity with Mediterranean shallow 
water environments. (Romano et al., 2018). These caves 
have a transitional environment where the entrance zones 
had higher natural inconsistency with predominance 
of lenient species aiding with high energy floods and 
diminishing oxygen availability where a greater number 
of porcelaneous and hyaline assemblages were found 
than in the Transitional zone where agglutinated taxa 
was prevalent because of the alteration in salinity and 
temperature (Bergaminet al., 2018). 

Bermudan limestone is the ancient aeolianite bedrock 
developed through diagenesis, which is renowned for 
both unsaturated and phreatic caves (Land et al., 1967). 
Spiropthalmidium sp., assemblages were having elevated 
abundance from the sediment samples collected from 
phreatic caves of Bermuda having high concentration 

of ammonia (Van Hengstumet al., 2009). In some cases, 
like the Green Bay cave system where Anchialine and 
sub marine cave environments were connected forming 
an exceptional environment with a difference in physico-
chemical parameter, the ecology and habitat variability 
of for amineferans were analyzed and it was found 
that the benthic forms like Rosalina sp.,Bolivinasp., 
dominated Anchialine caves and Quinqueloculina sp., 
and  Spirophthalmidium emaciatum were abundant in 
sub-marine caves (Van Hengstumand Scott, 2011).

Nematodes 

Nematodes are the foremost abundant meiofaunal 
organisms in thesea water sediments, extending from a 
variety of the water line into the deepest oceanic trenches 
and epigean ecosystems (Nicholas, 1975). As dominant 
life forms of soil nutrient cycles nematodes enhance the 
rate of plant litter putrefaction and turnover of nutritive 
substances from soil unprocessed organic materials and 
also, they play a predominant role in Epigean surroundings 
(Baldwin et al., 2000; Du Preezet al., 2017). The species 
richness of nematodes that are free-living in nature may 
be lower in the sub-marine caves than in the outside 
environment because of the shortage in food resources 
providing convenient conditions for non-selective deposit 
feeders and omnivore species (Zhou and Zhang, 2008). 
A nematode species Chronogaster troglodytes was 
reported as the first cavernous nematode of Movile caves 
in Romania which was found to surviving in hydrogen-
sulphide rich thermo mineral waters (Poinar and Sabru, 
1994) In a comparative meiofaunal study involving two 
different caves the nematode species were different in 
the inner caliginous part which had lesser nematodes and 
outer areas with more density. Nematodes being widely 
distributed can be abundant in numbers too reaching more 
than 500 ind./10cm2 (Janssen et al., 2013; Todaroet al., 
2006). The Nematode families, Xyalidae, Desmodoridae, 
Comesomatidae and Linhomoeidae were reported as 
the dominant families which survived thermocline 
environment along with anoxic conditions and high level 
of sulphides in the deeper parts of the Blue hole cave in 
the Maldivian Archipelago (Sandulliet al., 2014). Sixteen 
species of Nematodes were documented from Anchialine 
caves of Cuba, where Stenonchulus troglodytes and 
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Chronogaster troglodytes were truly steno biotic (Perez-
Garcíaet al., 2018; Perez-Garcíaet al., 2020). 

Polychaetes

Meiofaunal polycheates from marine caves are 
studied for ecotoxicological investigation because of their 
sensitive nature to different environmental disturbances 
(Nipper et al., 2003). In Cave dwelling expedition in 
Canary Islands 1984, a polychaete species in the family 
Scalibregmatidae, was described from a marine lava tube 
cave (Bertelsen, 1986; Iliffeet al., 1984). Later in the 
same unique subterranean ecosystem of Canary Islands, 
incorporating both dry and submerged cave section a 
greater number of Polychaetes like Gesiella jameensis, 
Speleobregmalan zeroteum Miscellania dentata, 
Syllisgarciai, S. gerlachi, Miscellania dentata and Exogone 
gambiae were documented (Wilkenset al., 2009). DNA 
studies of Axiokebuita cavernicola and Spleobregmala 
zaroteum belonging to poorly known lineages having 
a globular pygidium in addition to adhesive glands and 
ungrooved ciliated palps were exclusively procured from 
gravelly sediments of marine cave habitat (Martinez et 
al., 2013). Suspension feeding species families in class 
Polychaete, Protodrilidae and Nerillidae are reported 
from various cave environments with, remarkable 
differences seen in the primary interstitial genealogies 
in contrast to the other families, pointing to different 
adaptive evolutionary pathways related to natural fitness 
contradictory to the formerly proposed speculations 
focusing on chorographical and time-dependant processes 
(Gerovasileiou and Voultsiadou, 2012; Martinez et al., 
2017; Nunez et al., 1997). Benthic Polychaetes have been 
reported from Mediterranean Sea caves and in studies, 
species allocation pattern reflected the habitat condition 
of the caves (Bussottietal., 2007;Denitto and Licciano, 
2006). Polychaetes are important since they have been 
found as leading meio faual groups along with Nematodes 
and Copepods (Rieraet al.. 2018) 

Gastrotricha

Being a cosmopolitan phylum, Gastrotricha is known 
for its distribution in various extreme environments 
including marine caves (Curini-Gallettiet al., 2012; 
Sandulliet al., 2014). Even though found scarcely they 
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play a role in the community structure of meiofauna 
marine caves where dysoxic conditions exist (Balsamo 
etal., 2007, Sandulliet al., 1999). A comprehensive 
investigation on the gastrotrich fauna completed in an 
ocean cavern, ‘GrottaPiccola del Ciolo’, by Todaroet al., 
(2006), discovering  cavern environments as the hotspots 
of biodiversity and endemism for marine Gastrotrichs. 29 
species of Gastrotrichs were obtained from a biodiversity 
assessment studies conducted Salento submarine caves in 
Italy (Onorato and Belmonte, 2018). 

Copepods 

Harpacticoid copepods ranging from a size of 1-2mm 
are known to be living in low food environment where 
lipid metabolism is engaged as an adaptive feature, 
which aids them to save energy (Iliffeet al., 1984). They 
are comparitively lesser sensitive to anoxic codition, 
which makes them very abundant among the benthic 
communities (Sandulliet al.,2014, Wilkenset al., 2009). 
Speleophriopsis canariensi and Expanso phriasarda are 
two copepods which are exclusively stenotypic species 
collected from anchialine caves in Canary Islands (Huys 
and Iliffe, 1998, Jaume and Boxshall, 1996). There 
have been more reports of copepods surviving the harsh 
conditions of Mediterranean Sea caves (Jaume and 
Boxshall, 1996a, b, 1995;Jenssenet al., 2013). More than 
hundred number of copepods from family Boholiniidae 
were found from Anchialine caves of Philippines, among 
them Ridgewayis sp.,is known to live in association with 
Actinarians (Fosshagen and Iliffe, 1989, Humesand 
Wayne, 1974). The copepods obtained from a Bermuda 
remarkably retained the primitive characters in their body 
appendages (Fosshagen and Iliffe, 1988). Based on the 
inferences from Cave dwelling marine and anchialine 
copepods of Jamaica, Cuba, Bahamas, Caicos Islands 
and West Indies, 2 new sub families were identified by 
Fosshagen et al., (2001). Stygonitocrella sp., was a new 
harpacticoid copepod emerged from marine interstitial 
ancestors that was first seen in fresh waters (Saurez and 
Iliffe, 2005). 

Tardigrades

Tardigrades are commonly known as ‘water bears’ 
that are adapted to survive extreme environmental 
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conditions by Cryptobiosis that helps them to stay in a 
reversible metabolic state(Mojerget al., 2011, Sorensen 
et al., 2018). In an investigative study of 2 caves, 
Tadigrades were found as the second most abundant 
meiobenthic group with 21 species belonging to Family 
Halichiniscidae, Family Stygarctidae, and Family 
Echinicoididae (Sandulliet al., 1999). Apomorphic and 
plesiomorphic characters were exhibited by tardigrades 
of the Stygarctidae family found from the conservative 
cave habitats of San Domino Island (Gallo et al., 2001). 
Tardigrade species of Australian marine caves have 
high dispersal capacity along with similarities to deep-
sea species, and the investigative information suggests 
that marine caves survive as a shelter for prehistoric 
Tethyan fauna (Jørgensenet al., 2014). Deep sea-like 
conditions were a characteristic feature of the caves 
found in Japan where new tardigrades, Quisarctusya 
sumurai and Cyaegharctu skitamurai have been reported, 
but their evolutionary significance is unknown because 
adequate ultrastructure comparative studies did not taken 
place till now (Fujimoto, 2015; Fujimoto and Jimi, 2020). 

Kinorhyncha 

Kinorhynchs are exclusively marine meiobenthic 
organisms having about 1mm size distributed worldwide, 
and many still are not discovered (Dal et al., 2016; 
Neuhauset al., 2019; Sanchez et al., 2014). Echinoderes 
cavernus was the first reported Kinorhynch which is an 
exclusive cave-dwelling species found in the coralliferous 
sediments of a submarine cave in New South Wales, 
Australia (Sorensen et al., 2000). Echinoderes gama, 
Echinoderes kajihari, Echinoderes uozumii, Ryuguderesie 
jimaensis, etc., were recently reported from Daidokutsu 
caves in Japan which are about 8000 years old (Yamasaki 
et al., 2020). Pycnophyesku kulkan was the first reported 
Kinorhynch from anchialine caves, which have enhanced 
sensory structures as an adaptive feature for feeding in the 
oligotrophic environment. Ryuguderesiema jiensis has 
brush-like structures in the oral region that helps them 

to eat small-sized organic substances (Sanchez and 
Martinez, 2019). 

Ostracods

Ostracods are used in paleontological studies since 
they are common in various marine habitats and are 
distinguished by the presence of a bivalved calcareous 
exoskeleton (Smith et al., 2018). They are distributed 
in anchialine caves and are known to survive very low 
temperatures at the deeper parts (Danielopol, 1990). In 
a study of Ostracods in anchialine caves and blue holes, 
33 cave-dwelling species existed, and a few of them were 
only reported from the subterranean habitats (Kornickeret 
al., 2007; Kornicker and Iliffe, 1989). The complex 
biological and morphological traits like regressed eye 
construction, body pigments, body shape, and extra optic 
sensorial traits help them to survive in the aphotic cave 
environment (Becerra, 1999; Smith et al., 2014). They 
are also known to live in association with cavernicolous 
crayfishes for feeding purposes (Hobbs, 1975). The 
ontogenic study of Ostracod Deeveyamedix helped to 
understand its phylogenic history (Kornickeret al., 2009). 

Conclusion

This study identified ninety two references belongs 
to anchialine caves studies and also discussed only eight 
groups of faunal communities. Further, these studies 
mainly covers the coastlines of Mexico, Bermuda and 
Japan in large than other coastlines.  Indian coastlines, 
this study was not taken up till date and it is essential to 
look this factor as an important study by marine scientists. 
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Fig. 1. A glimpse of some of the Meiofauna
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