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1. Introduction

From the biogeographic viewpoint, marine caves on oceanic islands represent
‘islands within islands.” Due to the isolation and environmental stability of this
habitat, such caves act as refuges, preserving primitive relict taxa. Investigations of
marine caves in the Atlantic have resulted in the discovery of many higher taxa
including the new crustacean class Remipedia (Yager, 1981), the new peracarid
order Mictacea (Bowman and Iliffe, 1985), the new copepod order Platycopioida
(Fosshagen and Iliffe, 1985), the new isopod family Atlantasellidae (Sket, 1979) and
the new caridean family Agostocaridae (Hart and Manning, 1986). Unexpectedly
however, the troglobitic (i.e., cave-limited) fauna of Atlantic marine caves show
highly anomalous biogeographical distributions, as well as close taxonomic affini-
ties to deep sea species. Particularly noteworthy in this regard is the fauna of the
Jameos del Agua, a marine lava tube cave in the Canary Islands. Members of six
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crustacean genera inhabiting this cave, including the remipede Speleonectes, the
anthurid isopod Curassanthura, the amphipod Spelaeonicippe, the mysid Hetero-
mysoides, the ostracod Danielopolina, and the thermosbaenacean Halosbaena,
also have species inhabiting caves on the western side of the Atlantic. This amphi-
Atlantic distribution suggests that these taxa are Tethyan relics having an origin in
caves early in the history of the Atlantic and subsequently dispersed by plate
tectonics and sea floor spreading (Iliffe et al., 1984; Wilkens et al., 1986). Also from
the same cave, the galatheid crab Munidopsis polymorpha and the polynoid poly-
chaete Giesiella jameensis belong to groups known primarily from the deep sea.

Occupying an analogous position to the Canary Islands of the Atlantic, the
Galédpagos Islands are situated in an isolated location on the eastern edge of a major
ocean near the meeting point of several major current systems. Geologically, as in
the case of the Canaries, the Galdpagos Islands are relatively young, semi-arid
volcanic peaks with varying eruptive histories. Marine lava tube caves and similar
groundwater habitats in the Galdpagos represent the only known subterranean
ecosystem of this type in the East Pacific. Located midway between the cave areas of
the South Pacific and the Caribbean, the marine caves of the Galdpagos Islands hold
the potential to provide yet another type of natural laboratory for the testing of
biogeographical and evolutionary hypotheses.

2. Anchialine Habitats

The term ‘anchialine’ refers to “pools with no surface connection to the sea,
containing salt or brackish water, which fluctuates with the tides” (Holthuis, 1973).
It was originally proposed to describe open pools near the sea in both limestone
and volcanic terrains which were found to contain unusual hypogean shrimp and
other crustaceans. With the discovery of similar pools inside caves, a more rigorous
definition of the term was suggested: “bodies of haline waters, usually with a
restricted exposure to open air, always with more or less extensive subterranean
connections to the sea, and showing noticeable marine as well as terrestrial
influences” (Stock et al., 1986). In contrast to anchialine caves, submarine caves are
those wholly below sea level lacking significant terrestrial influences. The term
‘marine cave’ is used here to include both anchialine and submarine caves, i.e., any
cave containing haline waters of marine origin.

2.1. Grietas

Three types of anchialine habitats are found in the Galdpagos Islands. The first
type consists of anchialine pools in tectonic faults, locally referred to as ‘grietas’.
Extensive recent faulting has occurred in the Galdpagos Islands, most notably along
the south coast of Santa Cruz Island. In this area, faults as much as 20 km long
generally trend in an east—west direction parallel to the coast (Fig. 1). Some of these
faults may have been formed within the last few thousand years (McBirney and
Williams, 1969). Apparently all of the faulting is normal faulting in which one
crustal block has moved up or down with respect to its neighbor along a nearly
vertical fracture or fault plane (Simkin, 1984). Such faulting has produced an
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Figure 2. Salinity/depth profiles from five grieta pools on Santa Cruz measured between 25 April and
18 June 1987. Water samples collected by diving and measured with a calibrated refractometer. a =
Cueva de Iguana, b = Grieta de Delfine, ¢ = Grieta de Caleta la Torta, d = Deep Grieta, e = Grieta north of
trail to Tortuga Bay.

impressive series of high cliffs and deep fissures. Typically, fissures consist of
opposite-facing sheer rock walls, 1-10 m apart and as much as 30 m high. Those
fissures nearest to the coast may extend down below sea level and contain
anchialine pools. Large collapse breakdown blocks, which were probably gener-
ated by the earthquakes forming the fissure, make up the floor. Occasionally, talus
caves occur, both above and below water, where it is possible to enter totally dark
areas under wedged breakdown blocks and between fissure walls.

Several grietas are here described in order to illustrate the range of environ-
mental parameters existing in this habitat. Figures 2 and 3 present depth profiles of
salinity and temperature in five grietas on Santa Cruz. Distinct haloclines, produc-
ing much steeper salinity gradients than those depicted, occur in most of the
deeper grieta pools. Noticeable tidal currents exist in those pools closer to the sea,
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Figure 3. Temperature/depth profiles from the same grieta pools as in Fig. 2.
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while in more remote pools, gently oscillating water-level fluctuations are the only
evidence of tidal connections.

Cueva de Iguana, also known as Grieta de Estacién Darwin, is located near
Puerto Ayora on the right side of the trail leading past the iguana enclosures and
heading toward a high fault cliff (Peck and Peck, 1986). This ‘earthquake fissure,’
situated about 1 km inland from the coast, is about 12 m deep, 1-3 m wide and 100—
150 m long. The main pool from which the Darwin Station pumps brackish water is
7 m deep and ends in a sediment and collapse plug. The pool is well shaded and is
in almost total darkness at the bottom. Salinity and temperature were uniform at 3
ppt and 23.6°C (Figs. 2a and 3a). The water was very clear.

Grieta de Delfine is located on the west side of Puerto Ayora past a series of
shallow lagoons behind the Hotel Delfine. This grieta runs parallel to the coastline
and is about 300 m inland. It is about 5 m wide, several hundred meters long and is
bordered by 10 m high cliffs. The pool is 10 m deep at its deepest point and is quite
open so that it receives considerable sunlight. Tidal currents are evident, especially
at deeper depths near the west end where it is apparently connected to the sea
through breakdown. Salinity and temperature both increased with depth in the
pool so that at 8 m, values of 31.5 ppt and 27.0°C approached those of the open sea
(Figs. 2b and 3b). Underwater visibility was 5 m or less.

Grieta de Caleta la Torta (Fig. 4) is located 7 km west of Puerto Ayora and 100 m
inland from a small, but well protected bay. The grieta is at the western side of a
prominent, 15 to 20 m high cliff line and consists of 3 large pools separated by
collapse barriers. The easternmost pool is 3—5 m wide by 100 m long. By passing
through a narrow hole between breakdown blocks at 12 m depth, a large chamber
was reached which extended to 29 m depths. This chamber contained clear water,
with visibilities of 20 m or more, in total darkness. Water temperatures decreased
slightly at the deepest depths to 22.3° C, the lowest values found in any of the
grietas. Salinity increased with depth from 9 ppt at the surface to 29 ppt at 17 m
(Figs. 2¢ and 3c).

Deep Grieta is located about 250 m east of the beach at Tortuga Bay and 80 m
inland, behind a conspicuous round lava mound (Peck and Peck, 1986). This large
grieta pool runs parallel to the coast. It is situated between 10 m high cliffs and is
about 8 m wide by 40 m long. Maximum depth in the pool is 12 m. The rear part of
the pool is roofed over with wedged breakdown blocks and is thus in darkness.
Masses of roots hang down into the water in this section of the pool. Water
temperature decreased slightly with depth, while salinity increased from 8 ppt at
the surface to 22 ppt at 12 m (Figs. 2d and 3d). Underwater visibility was about 5 m.

The grieta north of the trail to Tortuga Bay is located about 100 m past the last
house in Puerto Ayora (Peck and Peck, 1986). Immediately on the north side of the
trail is a sheer-walled fissure, 1 to 2 m wide by 10 m deep. About 30 m along this
fissure is a 30 m long pool divided by breakdown into two sections. Water is
pumped from near the surface of the pool, probably for domestic purposes. In the
second part of the pool, a deep crack descends underwater past a marked halocline
at 9 m depth before ending in collapse at 10 m. Moderate tidal currents are present
at the surface. The deepest part of the pool is in nearly total darkness as are narrow
sections of the fissure extending through the breakdown at either end. Water
temperatures were uniform with depth, while salinity increased markedly at the
halocline from 1.5 to 12.5 ppt (Figs. 2e and 3e). Visibility was 10 m or more.
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Figure 4. Profile (a), section (b), and plan (c) maps of Grieta de Caleta la Torta, Santa Cruz.

2.2. Lava Tubes

A second type of anchialine habitat occurs in coastal lava tubes. Lava tubes are
conduits, formed during volcanic eruptions and serving in the transport of molten
lava for considerable distances away from the eruptive centers. After the eruption
ends, molten lava flows out of the tube leaving behind these volcanic caves. Lava
tubes in the Galdpagos are most often found at higher elevations on the islands
where caves in excess of 2250 m length have been explored (Balazs, 1975;
Montoriol-Pous and De Mier, 1977).

Although many holes along the coastline superficially resemble the entrances
to lava tubes, most of these are short, erosional sea caves, not of biospeleological
interest. Only two anchialine lava tubes are known from the Galapagos, though
many other must exist. Post Office Bay Cave (Fig. 5) is a lava tube located 300 m
inland from the north coast of Floreana at Post Office Bay (Montoriol-Pous and
Escold, 1975; Steadman, 1986; Peck and Peck, 1986). The tube consists of two
segments with separate entrances isolated from each other by an area of massive
roof collapse. The lower (Inferior) section of the cave is 202 m long and ends in a 60
m long, tidal brackish water pool. The pool begins at a point where the elevation of
the downward sloping tube passes below sea level. The pool gradually increases in
depth to reach a maximum of 2 m at the far end. At this point, the ceiling of the cave
dips below water level and the underwater passage becomes much lower. A final
small, submerged chamber exists only a few meters past the end of the lake, but it
pinches out as lava bedrock fills the passage. Water in the pool is exceptionally
clear with no evident particulate matter being present. A distinct halocline is
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Figure 5. Profile (a) and plan (b) maps of Post Office Bay Cave, Floreana; modified from Montoriol-
Pous and Escola (1975).

evident at 1.5 m depth. Water temperatures are uniform at a relatively cool 20.3°C,
while salinity increases from 17 to 22 ppt across the halocline. A particularly
unusual feature of this pool is the presence of a crystalline carbonate submarine
cement coating rocks and even tortoise bones on the floor of the underwater cave.

Cueva de la Cadena (Fig. 6) is a lava tube located 2 km west of Puerto Villamil
on the southwest coast of Isabela (Montoriol-Pous and Escola, 1978; Peck and Peck,
1986). The cave is in a pahoehoe lava ridge which extends out into the sea.
Depending on the level of the tides, seawater floods the cave to at least its overhead
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Figure 6. Profile (a) and plan (b) maps of Cueva de la Cadena, Isabela; modified from Montoriol-Pous
and Escola (1978).
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collapse entrance or beyond. At low tide, the lake within the tube is 98 m long with
an additional 16 m of dry gallery behind the entrance. Maximum depth within the
pool is 1.5 m. The tube continues seaward for about 15 m past the last air bell in the
ceiling before becoming too low and being plugged with sediment. Underwater
visibility was about 5 m. A slightly depressed surface salinity of 32 ppt indicates
the presence of some brackish runoff through the tube. At 1 m depth, salinity
and temperature were identical with the open sea (33.5 ppt and 27.1°C). The
presence of open water fish in the pool indicates that a direct connection with the
sea must exist. Tidal period and range in the cave appear to be indistinguishable
from those of open waters.

2.3. Lava Rock Pools

In low-lying terrain near the coast, highly uneven and irregular lava flows have
left behind low spots, cracks, and gas pockets which extend below sea level and are
now filled with anchialine groundwater. Along the west coast of Isabela in the area
immediately north of Punta Tortuga, numerous small anchialine pools exist in a
relatively recent lava flow. These pools range from small depressions less than a
meter in diameter and 30 cm deep to partially rubble filled fissures up to 15 m long
and 1.5 m deep. Water in these pools is clearly tidal with salinities from 19.5 to 22.5
ppt. Similar pools located half a kilometer east of Puerto Villamil on Isabela have
even lower salinities to 1.5 ppt. Many of the pools are at least partially roofed
over limiting light penetration. Cracks and fissures within the submerged bedrock
are sometimes evident, greatly extending the volume of these voids.

3. Composition of the Anchialine Fauna

Previous studies of the cave fauna of the Galdpagos Islands include those of
Leleup (1968, 1970, 1976), Peck and Peck (1986) and Peck and Kulalova-Peck (1986).
Material collected by the author during a 2-month expedition in 1987 is also
reported below (as Iliffe).

3.1. Caridea
3.1.1. Typhlatya galapagensis Monod and Cals, 1970

Characteristic features.-Family Atyidae. Eyes without pigment, lacking faceted
cornea. Body white, without dark pigment. Conspicuous setal tufts on fingers of
chelae of first and second pereiopods.

Size.-Postorbital carapace length of juveniles 2 to 3 mm (Monod and Cals, 1970).
Species range.-Galdpagos Islands. Santa Cruz: grietas on the south and southeast
coast including Leleup’s station G4, G14, G22 and G23 (Monod and Cals, 1970);
Cueva de Iguana, Grieta del Pozo de Puerto Ayora, and Grietas de Tortuga Bay (Peck
and Peck, 1986); Cueva de Iguana at 0 to 7 m water depths, Grieta de Caleta la Torta
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at 24 m depth, Deep Grieta at 6 to 12 m depths, and grieta north of trail to Tortuga
Bay at 9 to 10 m depths (Iliffe). Isabela: Leleup’s station G14 (Monod and Cals, 1970);
Cueva de la Cadena (Peck and Peck, 1986); lava rock pools at Punta Tortuga and
Puerto Villamil at 0 to 0.7 m water depths (Iliffe).

Number of species in genus-Nine, all troglobitic.

Genus range.-Ascension Island, Bermuda, West Indies (Barbuda, Caicos Islands,
Cuba, Dominican Republic, Mona, Puerto Rico), Mexico (Campeche, Yucatan) and
Galapagos Islands (Hobbs et al., 1977).

Ecological notes.-Of the nine species in the genus, four (T. galapagensis, T. iliffei
from Bermuda, T. rogersi from Ascension Island, and T. garciai from the Bahamas)
are known to inhabit brackish or marine waters, while the remainder are found in
freshwater habitats. T. galapagensis is often present in extremely large numbers
especially at Cueva de Iguana, Deep Grieta and lava rock pool at Puerto Villamil.
Individuals were observed both walking on sediment surfaces and rock walls as
well as actively swimming in water column. Salinities at which this shrimp was
found ranged from 1.5 to 29 ppt. Collection depths ranged from the surface to 24 m.
Life history.-Specimens reported by Monod and Cals (1970) and collected in
October, November, December and February were all juveniles.

Closest related species.-T. galapagensis and T. rogersi (from Ascension Island) are
considered to be the most divergent species in the genus (Hobbs and Hobbs, 1976).
T. galapagensis, together with 3 other Caribbean congeners, belong to a group in
which the rostrum does not extend anteriorly beyond the eyes (Hobbs et al.,
1977).

3.2. Amphipoda

3.2.1. Galapsiellus leleuporum (Monod, 1970) (see also Barnard, 1976 and
Stock and Iliffe, 1990)

Characteristic features.-Family Melitidae. Eyeless.

Size.-Body length, 1to 4.3 mm. Largest female, 4.3 mm; largest male, 3.3 mm (Stock
and Iliffe, 1990).

Species range.-Galdpagos Islands. Santa Cruz: Leleup’s station G6 (taken with meat
baits in deep freshwater at 5 m elevation) and G22 (brackish water accessible by
digging) (Monod, 1970); anchialine mangrove pool 300 m from the sea near the
Darwin Station (Barnard, 1976); Cueva de Iguana at 7 m water depth, Grieta de
Caleta la Torta at 17 to 29 m depths, Grieta Cave at 0 to 1 m depths, and grieta north
of trail to Tortuga Bay at 0 to 10 m depths (Stock and Iliffe, 1990). Isabela: lava rock
pools near Punta Tortuga at 0 to 0.3 m depths (Stock and iliffe, 1990).

Number of species in genus.-One.

Ecological notes.-A maximum of 7 specimens were collected at one location, Grieta
Cave, but more typically, only 1 to 2 specimens were found. Specimens collected by
Leleup at his station G6 were taken with meat baits (Monod, 1970). Samples studied
by Stock and Iliffe (1990) were collected with a suction bottle from the surface of
rocks and bottom sediments, and with a plankton net from the water column and
cave walls. Salinities at collection sites ranged from 3 to 29 ppt.



218 Chapter 10

Life history.-Monod’s description is apparently based on juveniles or young fe-
males (1-3 mm). A 4.3 mm female studied by Stock and Iliffe (1990} had well
developed oostegites. Marked sexual dimorphism.

Closest related genera.-Barnard (1976) believed this genus to be derived from
Eriopisa, a wide-spread marine genus, while similar morphologically to Para-
niphargus, a genus consisting of two freshwater hypogean species on western
Pacific and Indian Ocean islands.

3.2.2. Anchialella vulcanella Barnard, 1979

Characteristic features.-Family Gammaridae. Eyes absent.

Size.-Body length 4.06 mm.

Species range.-Galapagos Islands. Santa Cruz: intertidal mangrove tidepool, 305 m
from sea near lower bodega of Academy Bay (Barnard, 1979).

Number of species in genus.-One.

Genus range.—Galdpagos Islands.

Ecological notes.-No specimens were found by the author in his 1987 collections
from anchialine habitats.

Life history.-One 2.10 mm juvenile collected by Barnard from the type locality.
Since only the female has been found, sexual dimorphism is unknown.

Closest related genera.-Anchialella appears to be derived from an Indo-Pacific
Eriopisa and is transitional between this genus and Galapsiellus (Barnard,
1979).

3.2.3. Valettietta cavernicola Stock and Iliffe, 1990

Characteristic features.-Family Lysianassidae. No eyes visible.

Size.-Body length, 2.5 mm.

Species range.-Galdpagos Islands. Santa Cruz: Grieta de Caleta la Torta at17 to 29 m
water depths (Stock and Iliffe, 1990).

Number of species in genus.-Four, other three from deeper waters to far over 4000 m.
Genus range.-North Atlantic abyssal, Pacific collected in vertical haul between 0
and 5,300 m, and Galdpagos anchialine.

Ecological notes.-Single specimen collected from the water column in 17-29 m
depths of totally dark section of grieta. Salinity was at least 29 ppt. Only two other
lysianassids have so far been reported from anchialine caves: Idunella sketi from
Bermuda and Lucayarina catacumba from the Bahamas. This specimen was
smaller than other members of the genus such as V. castellana which reaches 4 mm.
Larger size is generally related to increasing water depth.

Life history.-Not known.

Closest related genera.-Similar to the genus Valettiopsis, another deep sea am-
phipod.

3.2.4. Antronicippe serrata Stock and Iliffe, 1990

Characteristic features.-Family Pardaliscidae. No eyes visible.



