Reports

Marine Lava Cave Fauna: Composition,

Biogeography, and Origins

Abstract. An assemblage of endemic cavernicolous marine invertebrates, includ-
ing taxa found on both sides of the Atlantic Ocean of great phylogenetic age or with
affinities to deep sea organisms, inhabits the Jameos del Agua cave, a sea water—
flooded Holocene lava tube cave on Lanzarote in the Canary Islands. This marine
cave contains both relicts from Tethyan times, such as an apparently new crustacean
family belonging to what had been the monotypic class Remipedia, and relicts of
groups that are now common only in the deep sea as well as species that occur

outside the cave.

In general, marine caves contain relict
fauna; that is, species derived from
groups that were formerly widespread
and diverse (/) but now survive as en-
demics in a particular cave system (2)
possibly because of reduced competition
or predation (3). The marine fauna of the
Jameos del Agua lava tube cave (Table 1)
are classified as four distinct groups: (i)
Tethyan (4) cave-limited relict species,
some of which are of great phylogenetic
age and are closely related to inhabitants
of marine caves in the western regions of
the Atlantic Ocean; (ii) deep sea cave-
limited species that may or may not be
relicts derived from now deep sea

(bathyal) stocks; (iii) ubiquitous species,
those ‘that seek out caves but can also
occur outside them; and (iv) accidental
species, those that are rarely found in
caves and cannot survive there for long.
These fauna are similar in many respects
to those of marine limestone caves in
Bermuda, the Bahamas, and the Carib-
bean region (5) and have similar origins
(6). Their presence in a geologically
young lava tube shows the mobility of
such species and indicates the existence
of habitats other than the typical lime-
stone caves for cavernicolous fauna.
The Jameos del Agua cave is the sea-
ward-most segment of a 7-km-long lava

tube formed 3000 to 5000 years before
present by a volcanic eruption on the
island of Lanzarote in the Canary Islands
(Fig. 1). The cave’s diverse fauna con-
sume food transported by strong tidal
currents and diatoms living in the indi-
rectly illuminated lake. Although the Ja-
meos cave was the first to be recognized
as biologically significant (7) and was
subsequently investigated (8, 9), no in
situ underwater studies were conducted.
We now describe the composition, bio-
geography, and origins of the fauna of
the Jameos cave as revealed by our
investigations of the underwater tube.
The marine fauna of the Jameos cave
consist of at least 14 invertebrate spe-
cies, eight of which are endemic. These
include an apparently new family from
the class Remipedia, which had been
considered monotypic. This primitive,
eyeless, unpigmented crustacean was
observed and collected during our dives
in the totally dark lava tube connecting
the Jameos cave with the sea. Remipedia
were originally discovered in a marine
cave on Grand Bahama Island (10), al-
though what appear to be three addition-
al species have been discovered in an-
other inland marine cave in the Caicos
Islands (/7). The presence of the phylo-
genetically ancient Remipedia in isolated
marine caves of both the eastern and
western regions of the Atlantic Ocean
probably resulted from continental drift
and indicates a Tethyan origin predating

Table 1. Composition and inferred origin of the fauna of the Jameos del Agua cave, Lanzarote, Canary Islands.

Geographic Index of
affinities and time in Habitats
distribution caves
F East Affin- Eyzs
auna and ity gn K Macro-
En- west to ar porous F ree On Lit-
demic Atlantic deep pig- inter- swim- bot- toral
distri- sea Ti? stitia ming tom
bution species duced
Remipedia family new, genera new, + + + +
species new (Crustacea)
Curassanthura species new (Paranthuridae, Isopoda) + + + +
Heteromysoides cotti (Heteromysini, Mysidacea) + + + +
Hadzia acutus (Gammaridea, Amphipoda) + + + +
Halophiloscia canariensis (Oniscoidea, Isopoda) + + + +
Tethyan or deep sea or both
Spelaeonicippe buchi (Pardaliscidae, Amphipoda) + + + + +
Deep sea
Munidopsis polymorpha (Galatheidae, Anomura) + + + +
Gesiella jameensis (Polynoidae, Polychaeta) + + + +
Ubiquitous
Stenopus spinosus (Stenopodidea, Natantia) +
Typosyllis cornuta (Syllidae, Polychaeta) +
Parhyale hawaiensis (Talitroidea, Amphipoda) +
Accidental
Cestus veneris (Acnidaria)
Unidentified Echinoidea +
Unidentified Holothuroidea +
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a relatively narrow separation of the
Atlantic Ocean.

Of three other genera, each with only
two known species—one from the east-
ern and one from the western region of
the Atlantic—at least two are also Teth-
yan relicts: (i) the anthurid isopod genus
Curassanthura, with C. halma Kensley
from Curagao and a new species from
the Jameos cave; and (ii) the mysid He-
teromysoides, with the spongicolous H.
spongicola Bacescu from Cuba and H.
cotti (Calman) from the dimly lit Jameos
lake. Heteromysoides cotti has brown
pigmentation and eyes with a small num-
ber of facets. In these features it differs
from the other Tethyan species in the
Jameos cave, which lack dark pigmenta-
tion and are eyeless. The third genus is
the amphipod Spelaeonicippe, with S.
provo Stock and Vermeulen from the
Caicos Islands and S. buchi (Andres)
from the Jameos cave. Spelaeonicippe
belongs to the primarily abyssal family
Pardaliscidae and thus could either be of
Tethyan origin or a recent descendant of
now bathyal species. In addition, the
amphipod Hadzia acutus (Andres) which
lives in the macroporous interstitia of the
Jameos tidal lake and the supralittoral

isopod Halophiloscia canariensis Dalens
are both probably Tethyan (12).

A second group of species from this
cave has close affinities with deep sea
organisms. Since the cave and deep sea
habitats have many similarities (for ex-
ample, total darkness, low food supply,
nearly constant temperatures, and the
absence of perturbation by waves or
storms), bathyal species are predisposed
for life in caves. The galatheid Munidop-
sis polymorpha Koelbel, closely related
to the eastern Atlantic region deep sea
species M. simplex, M. curvirostra, and
M. bispinata, exhibits an unusual feature
of the eyes: although facets and lenses
are absent, light is perceived by sensory
cells in the eye stalk rudiment (9). The
monospecific polychaete Gesiella ja-
meensis (Hartmann-Schroder) and S. bu-
chi are two other such species closely
related to the deep sea fauna. These
species could either be bathyal relicts
possibly of Tethyan age, or the result of
a recent invasion of the cave via the
undersea tube; this question remains un-
til more is known about the composition
of the deep sea fauna around the Canary
Islands.

A third group consists of ubiquitous
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Fig. 1. Map (A) and
profile view (B) of the
lava tube and lava
field of La Corona
volcano on Lanzarote
in the Canary Islands.
The Jameos del Agua
(J.d.A.) section of the
lava tube (C) consists
of two skylight open-
ings where the cave
roof has collapsed,

isolating an indirectly

illuminated tidal lake

between two break-

down mounds. An in-
tact continuation of
the tube extends un-
derwater past the
coastline and beneath
the sea floor for an
explored distance of
1377 m. The average
diameter of the tube is
10 to 15 m. The tidal

range in the lake is 2
m, and the salinity of
the lake water is near-
ly equal to that of the
Seaward open sea.
tunnel

species which live in the Jameos cave,
but which can also be occasionally ob-
served outside. Stenopus spinosus, a red
shrimp possessing well-developed eyes,
was collected 700 m into the underwater
tube near a small hole connecting to the
overlying open sea. The cosmopolitan
amphipod Parhyale hawaiensis Dana oc-
curs around the Jameos tidal lake, while
the globally distributed polychaete Typo-
syllis cornuta Rathke inhabits macropo-
rous interstitia within this lake.

A fourth group consists of those spe-
cies that are accidentally drawn by tidal
currents into the cave but cannot com-
plete their life cycle within it. Single
specimens of an echinoid and a holothu-
rian were observed near the opening at
700 m penetration, while the Venus gir-
dle Cestus veneris Lesueur is observed
occasionally in the Jameos lake (9).
These lack the necessary preadapta-
tions, especially viviparity, to found
cave populations as individuals (9, 13).

The case of Spelaeonicippe lends sup-
port to the theory of Tethyan origin of
species restricted to marine caves rather
than recent origin. It has been argued
(14) that Spelaeonicippe is a relatively
recent addition to the caves, presumably
derived from the related genus Nicippe
found on the continental shelf and slope.
This would have required independent
colonization of caves on both sides of the
Atlantic and subsequent convergent evo-
lution to produce what appears as a
single genus with two similar species.
Since Nicippe and Spelaeonicippe differ
in 13 developmentally unconnected char-
acters, the chance of convergence pro-
ducing such similarity is unlikely. Since
three other genera from the Jameos cave
show the same distribution as Spelaeoni-
cippe, a Tethyan origin followed by sep-
aration and isolation of the species by
continental drift is a more plausible ex-
planation.

Since the Jameos cave is geologically
young, the discovery of endemic relict
fauna of Tethyan age showing extreme
reduction of body pigment and eyes may
seem surprising. Although there are no
other known large caves in the Canary
Islands, there are undoubtedly smaller
caves in older rocks that could have
served as the original habitat for these
species. Some of the oldest rocks on
Lanzarote are located immediately adja-
cent to and beneath the lava flow form-
ing the Jameos cave. Volcanism in Lan-
zarote extends from the Tertiary Period
(I5) to the present day. The eastern
islands of the Canaries, including Lan-
zarote, are thought to have separated
from Africa in the early Cenozoic Era
(16). Anchialine pools (/7) on other
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volcanic islands contain cavernicolous
shrimp (/8), indicating that habitats oth-
er than caves can support these fauna.
Terrestrial cavernicolous fauna have col-
onized Hawaiian lava tubes as soon as
100 years after the formation of the tubes
(19). The high tidal range and corre-
sponding strong currents in the Jameos
cave would provide a means of sweeping
larvae or weakly swimming species into
the cave. Since the underwater tube was
at a depth of 53 m and still descending at
the limit of our diving explorations, deep
water species or their larvae may also be
drawn directly into the cave. Further-
more, at least some deep sea species
have been shown to have two distribu-
tional maxima, one in the deep sea and
another in shallow marine caves (/3).
Thus, it is possible that the Jameos cave
fauna could have entered the cave by
local dispersion from adjacent and older
caves, -other suitable habitats, or even
the deep sea in a relatively short period
of time.
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Raman Spectroscopy of a Coal Liquid Shows That Fluorescence
Interference Is Minimized with Ultraviolet Excitation

Abstract. The first ultraviolet resonance Raman measurements of a coal liquid are
reported. The spectra detail the presence of numerous polycyclic aromatic hydrocar-
bons with ring systems similar to those of naphthalene, fluorene, phenanthrene,
pyrene, and triphenylene. The ultraviolet resonance Raman measurements of this
highly complex sample show no significant interference from fluorescence. The lack
of fluorescence interference and the high selectivity indicate that ultraviolet reso-
nance Raman spectroscopy is a powerful new technique for characterizing highly

complex samples and mixtures.

Raman spectroscopy represents only
one of a myriad of spectroscopic tech-
niques used in the study of molecular
structure (/). However, resonance Ra-
man spectroscopy is unique among these
techniques because of its selectivity,
since the resonance phenomenon per-
mits the specific enhancement of the
vibrational spectrum of one particular

molecular species within a complex solu-
tion or mixture (2). Other species in the
mixture not resonantly enhanced show
Raman spectra of much lower intensity
(often by a factor of 10™). Raman spec-
troscopy has shown particular promise
for biological investigations because the
weak Raman scattering of water does not

Fig. 1. Ultraviolet resonance
Raman spectrum of (a) aceto-
nitrile; (b) a coal liquid sample
in acetonitrile diluted ~3500
times (volume/volume); the in-
tensity scale of (b) is expanded
by a factor of 7 as compared to
(a); (c) difference spectrum
(b — a) showing the coal liquid
resonance Raman spectrum;
the intensity scale is expanded
by a factor of ~12 as com-
pared to (a). The measurement b
parameters were as follows:
excitation wavelength, 256
nm; number of laser pulses
averaged, 18,000 (15-minute
scan at 20 Hz); average power,
2.0 mW,; spectrometer band-
pass, ~6 cm™'.
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