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Around the coastal zone of tropical and subtropi-
cal islands like Santo it is possible to find flooded 
marine caves, particularly in karstic areas that rep-
resent raised fossil coral reefs. Some of these flooded 
caves show a unique layering of the water within 
them, and have a surface layer of fresh water sit-
ting above a deeper layer of dense salty water that 
penetrates through the porous rock separating the 
cave from the adjacent sea.  Habitats which have 
this double layer of fresh water on top of sea water 
are known as anchialine habitats and they tend to 
be inhabited by unusual organisms. On Santo we 
found only one such habitat, Loren Cave, located 
just South of the village of Lotoror. Loren Cave has 
many of the characteristics of a true anchialine cave: 
it has a superficial freshwater layer which overlies a 
deeper seawater layer. There is also a marked tidal 
effect — with tidal rise and fall of about one meter, 
and there seems to be considerable exchange of 
water during the tidal cycle. The physical character-
istics of the cave and the structure of the water col-
umn of this cave system are described in the earlier 
text "Focus on the Loren Cave". 

Cave lakes in anchialine caves are inhabited by 
unique organisms that have become accessible for 
study only since the advent of specialized cave div-
ing techniques and equipment (Fig. 384).

Focus on anchialine Fauna
Geoff Boxshall, Damià Jaume

Caves are extreme environments for aquatic 
organisms for several reasons; firstly there is no 
light, so there is no photosynthesis by green 
plants. This means the only sources of energy 
to support the community of organisms in the 
cave lake are either bacterial production or the 
inflow of organic material carried into the cave 
in the inflowing water. These sources of energy 
usually cannot support dense populations of ani-
mals. Secondly the layered water column is often 
characterised by low oxygen levels, especially 
in the deeper marine water layer, and oxygen is 
required by most organisms for their normal res-
piration. Animals adapted for life at low oxygen 
levels typically do not survive well outside of 
these conditions. So aquatic animals that are cave 
adapted, often have highly localised or restricted 
distribution patterns.

Anchialine organisms are highly specialized yet 
many retain extremely primitive features and 
some, especially those living in and around the 
Caribbean region, have been classified as living 
fossils. Specializations that are common in anchia-
line animals include loss of eyes, enhancement of 
chemosensory systems, tolerance of low oxygen 
levels and physiological adaptation to extremely 
low energy systems.

in Bouchet P., Le GuyaDer h. & PascaL o. (eds), The Natural History of Santo. MNhN, Paris; IrD, Marseille; PNI, Paris. 572 p. 
(Patrimoines naturels; 70).
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submerged passages of the cave, a species of Orcovita 
and Laubuanium trapezoideum both provisionally 
identified by Professor Peter Ng, a crab expert 
from Singapore. There was also a surprising variety 
of shrimps species present; we found at least two 
species of the family Palaemonidae and three more 
species of the family Atyidae. Cave shrimps typi-
cally have extremely long antennae which are sup-
plied with sensors that allow them to detect traces 
of chemicals as well as mechanical disturbances in 
the water caused by swimming of other organisms. 
They use these sensors to find their food and to 
detect possible predators. 

The divers also swam holding hand-nets and col-
lected samples down to a maximum depth of 28 m, 
into the deep saline water below the halocline (the 
zone of rapid salinity change marking the boundary 
between the upper freshwater and lower seawater 
layers). In the deep samples we found a single adult 
male copepod nearly 2 mm in length, belonging to 
the order Calanoida. Calanoid copepods dominate 
the plankton community of the world’s oceans and 
this male is a member of the family Centropagidae. 
Centropagid copepods, particularly those belonging 
to the genus Centropages, are common in shallow 
coastal waters around the world but members of 
some other genera in the same family have colonised 
freshwater habitats in Australia and South America. 
The male we found in Loren Cave represents a new 
species of the marine genus Centropages (Fig. 386), 
most closely related to species described from 
Australian waters. This is the very first Centropages 
to be found in an anchialine cave, and it is an inter-
esting discovery as it leads us to conclude that this 
Centropages probably colonised Loren Cave from the 
coastal waters surrounding Santo.

Just inside Loren Cave is a shallow pool of fresh 
water which is dimly lit by light from the cave 
entrance. It contained a few shrimps belonging 
to a crustacean genus called Macrobrachium. Its 
Latin name means "long arms" and this shrimp has 
the most amazing elongate claws, often brightly 
coloured. There are more than 200 species of 
Macrobrachium known and they can be found in 
warm tropical and subtropical fresh waters around 
the world. In addition to some small fish, which 
were not caught, the pool contained some other 
small crustaceans known as copepods. These are 
tiny relatives of the shrimps and crabs, but their 
adult size is often only one millimeter or even less 
(Fig. 385). The pool contained copepods belong-
ing to the genus Halicyclops. The name Halicyclops 
refers to the fact that these species prefer to live in 
very slightly salty water (known as brackish water) 
and that they belong to the group typified by 
Cyclops, the mythical monster with only one eye.  

Halicyclops species, like most copepods, have only 
one eye, a tiny spot located in the middle of the front 
of their heads. The eyespot is a simple structure 
which only allows the copepod to detect light and 
dark, but enables them to see a predatory fish by its 
passing shadow and to make the appropriate escape 
reactions. Halicyclops frequently swims away from 
the bottom of the pool and up into the water. This 
behaviour helps to distinguish Halicyclops from the 
harpacticoid copepods which were present in the 
same pool. Harpacticoids have elongate slender bod-
ies with short antennules and move rapidly over the 
sediment and stones on the floor of the pool, rarely 
venturing up into the water. Harpacticoid copepods 
typically consume small particles of organic material 
that they find in the sediment; some scrape off and 
feed on the film of bacteria that is present on the 
surface of sediment particles. 

Using baited traps laid in the cave lake we caught 
numerous larger crustaceans, mainly crabs and 
shrimps, which were attracted to the smell of 
the bait. Two kinds of crabs were found in the 

Figure 384: Member of cave diving team in Loren cave 
preparing baited traps before diving.
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Figure 385: copepods are very small and it is best to pick 
them out from samples while they are still alive, using a field 
microscope.
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hind end of the body (the pleon or abdomen) bent 
forwards underneath the anterior part (the pereon), 
giving the animal a short and "tail-less" appear-
ance when seen in dorsal view. Female amphipods 
carry their developing embryos in a marsupium, or 
brood pouch, located ventrally under the body, and 
in this species each brooding female carried only 
two embryos in its brood pouch.

The biogeography of Seborgia is remarkable. Even 
though this genus displays an extremely broad but 
discontinuous distribution, its members live only 
in subterranean waters. The ten species known 
thus far appear scattered in very localised sites  
across tropical-subtropical latitudes, stretching 
from an inland aquifer in Texas (USA) to anchia-
line habitats of the Andaman Islands, Vietnam, the 
Salomons, Loyalty Islands and Vanuatu. In trying 
to understand the distribution pattern of these 
species, we assume that they were all derived from 
shallow-water marine ancestors and that they are 
unable to disperse across wide and deep oceanic 

Centropages copepods feed on small particles like 
single celled algae and protozoans which they 
detect in the water and catch by grasping them 
with their finely branched mouthparts.

They typically have long paired antennules armed 
with fine sensitive hairs (setae) for detecting their 
food as well as for detecting the vibrations made by 
potential predators, such as swimming fish. This 
male has asymmetrical antennules, with the left 
hand antennule normal but the right one modified 
for grasping onto the female during mating. 

About 50 m away from the entrance of Loren 
Cave is a small pool into which an active spring 
discharges water. Although it is about 30 m from 
the sea, at high tide the water flow is greatly 
reduced and the water is slightly brackish (3.2 
parts per thousand). As well as being indirectly 
connected to the sea, this pool is probably also 
connected to the Loren Cave system. The floor of 
the pool is formed from coarse coral rubble and it 
is surrounded by trees. Samples taken by passing a 
hand net through the water in the pool (Fig. 387) 
and brushing it firmly across the surface of the 
stones contained a small amphipod shrimp, in 
large numbers. Amphipod shrimps are typically 
flattened from side to side and can be found on 
and under rocks and stones in most freshwater 
habitats around the world. The species found here, 
belongs to the family Sebidae and was described as 
Seborgia sanctensis in 2009.

The adult female of the new Seborgia species 
(Fig. 388) is just less than 2 mm in length. 
Specimens were observed alive under the stereo-
microscope in the field laboratory and we found 
that the animals moved ventral side down, not 
upside-down or on one side. This posture is quite 
unusual for an amphipod, more closely resembling 
a typical isopod due to their slightly dorso-ventrally 
depressed body. The females also tended hold the 

Figure 386: the adult male of a new species of Centropages — a calanoid copepod — with inset figure showing one of its specialised 
mouthparts used for catching the small particles that it feeds on. (Drawings by G. Boxshall).

Figure 387: Fishing for tiny amphipod and tanaid shrimps using 
fine mesh plankton nets in the pool near Loren cave.
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thick blackish mat of algae or filamentous bacteria 
that coated the surface of the submerged stones. 
Tanaids are rarely found in non-marine waters so 
this is an unusual and interesting discovery.

Loren Cave and its nearby pool contained a fasci-
nating aquatic fauna including several species new 
to science. In the dry passages of the cave deep into 
the cave we also found a terrestrial crab (Discoplax 
longipes) which was eventually caught by hand. Its 
name refers to its relatively long legs (Fig. 389).

basins or continental subterranean waters. The 
fact that there are species located around the Gulf 
of Mexico occupying areas not covered by the sea 
at least since the Late Cretaceous, should be sug-
gests this genus has an ancient origin. However, 
the existence of several species in the Indo-West 
Pacific leads us to infer that the origin of the genus 
is even older, perhaps Early Cretaceous, prior to 
the opening of the Atlantic, when the fragmenta-
tion of the ancient, shallow-water Tethys Sea com-
menced. This vanished sea once connected the 
South West Pacific through to the Caribbean Sea, 
and separated the former northern and southern 
supercontinents of Laurasia and Gondwana. Its 
shores were probably already populated by mem-
bers of the genus Seborgia. It leads us to suggest 
that modern members of Seborgia are probably rel-
icts of this ancient tropical shallow-water fauna.
Living in this same pool were many tanaid shrimps. 
Tanaids are small shrimps which, like the amphi-
pods are characterised by having a ventral marsu-
pium or brood pouch, within which the females 
carry their eggs and developing young. Tanaids, 
despite being so small (2-3 mm), have interesting 
sex lives with each adult male attempting to gather 
together a harem of numerous females with which 
to mate. In the pool the tanaids lived within a 

Figure 388: side view of an adult female of the new species of tiny amphipod shrimp Seborgia, collected in the pool near Loren 
cave. this female is 1.9 mm long. (Drawing by D. Jaume).

Figure 389: a terrestrial crab Discoplax longipes was found in 
dry passages deep inside Loren cave.
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The islands of the Pacific are renowned for the high 
levels of endemism of, and threats to, their unique 
faunas and floras. Espiritu Santo, affectionately 
known simply as Santo, is an island of superla-
tives: the largest and highest in Vanuatu, Santo is 
an extraordinary geographical and cultural micro-
cosm, combining reefs, caves, mountains, satellite 
islands, and a history of human habitation going 
back 3 000 years. In the spirit of famous voyages 
of discovery of the past, the Santo 2006 expedition 
brought together over 150 scientists, volunteers 
and students originating from 25 countries. With 
contributions by more than 100 authors, The 
Natural History of Santo is a lavishly illustrated 
homage to the biodiversity of this "planet-island". 
Bridging the gap between scientific knowledge and 
conservation and education, The Natural History of 
Santo was written with local stakeholders as well 
as armchair naturalists from all over the world 
in mind.

9 782856 536278 Prix : 59  TTC

Les îles du Pacifique sont célèbres pour le très haut 
niveau d’endémisme et la grande vulnérabilité 
de leurs faunes et de leurs flores. L'île d'Espiritu 
Santo, ou Santo, cumule les superlatifs : la plus 
grande et la plus haute du Vanuatu, Santo est un 
extraordinaire microcosme géographique et cultu-
rel, avec récifs, grottes, montagnes, îles et îlots 
satellites, et une occupation humaine qui remonte 
à 3 000 ans. Renouant avec l'esprit des "Grandes 
Expéditions Naturalistes", l’expédition Santo 2006 
avait mobilisé sur le terrain plus de 150 scienti-
fiques, bénévoles et étudiants de 25 pays. Petit 
tour de force éditorial avec plus de 100 auteurs, 
ce Natural History of Santo est un éloge de la bio-
diversité de cette "île-planète". À la fois beau livre 
richement illustré et bilan des connaissances scien-
tifiques, The Natural History of Santo se veut un 
outil de connaissance pour sa conservation dura-
ble. Il s'adresse autant aux acteurs locaux du déve-
loppement et de l'éducation qu'aux naturalistes du 
monde entier.




