Groundwater crustaceans as useful geological tools
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Abstract

Many stygobiont crustaceans presently living in continental subterranean waters are derived from ancestral
coastal marine species which stay in sediments when shorelines receded far away during the geological periods of marine
regression. The dispersal ability of stygobionts in continental groundwaters is especially low. Thus the present distribution
of thalassoid stygobionts fits well with that of areas formerly covered by the sea; such stygobionts may provide
information about the place of paleoshores, even when marine sediments were removed by erosion. The place of
paleoshores of South-West Morocco are partly known from the survey and the analysis of the present regional stygofauna.
The species groups resulting from the phylogenetic analysis of genera or families of thalassoid stygobionts and the
analysis of their distribution, allow to date the colonization of groundwater by their marine ancestors. Thus the emersion
of a Canarian island was dated by this way, as is datable the emergence of lands in Israel and Palestine.

Introduction and general background

Some extant aquatic subterranean species may be used by geologists to locate the shoreline of a former
transgressive sea or to date the definitive emersion of a continental sedimentary basin or of an oceanic island (STOCK,
1986; COINEAU, 1990; BOUTIN, 1993a, 1993b). Among metazoans, the crustacean group is the most diversified within
groundwaters, both in plain and valley aquifers and in cave rivers or lakes. Such stygobiontic crustaceans (i.e. aquatic and
subterranean) are froglobites, in karstic open water, or tiny interstitial phreatobites, in saturated porous sediments.
Thalassostygobionts live in littoral marine cave or sediments and /imnostygobionts occur in cave and aquifer freshwaters.
Only the latter are considered hereafter.

Some limnostygobionts belong to groups living also in surface freshwaters. They are derived from freshwater
surface ancestors and are termed limnicoid. A well known example is that of the species of the amphipod Gammarus
(CULVER et al., 1995).This kind of limnicoid stygobionts provides very few information about the period or the
geological events related to the colonization of groundwaters by their ancestors, as this colonization may have occurred
repeatedly at the same place and at different periods of the past, up to now. Therefore they are generally considered as
uninformative for geologists.

Other limnostygobionts belong to marine groups not known in freshwaters. Due to their direct marine origin they
are called thalassoid limnostygobionts (COINEAU & BOUTIN, 1992; BOUTIN, 1993a, 1993b). The marine origin of
such crustaceans has been proposed for a long time (JEANNEL, 1943; DELAMARE DEBOUTTEVILLE, 1957, 1960;
VANDEL, 1964, GINET & DECOU, 1977 etc...). For example, out of 350 cirolanid species (isopods), some 85% are
epigean, marine or littoral, whereas the other 15% are freshwater stygobites more or less resembling their marine littoral
ancestors (BOTOSANEANU, 1986). These stygobionts evolved from marine ancestral populations which first colonized
littoral sediments (or sometimes littoral caves) in the Mesozoic or Cenozoic periods; thereafter they adapted to brackish
water, then to freshwater and settled during a marine regression when the shoreline receded. This "Regression model
evolution" (STOCK, 1977, 1980) was analysed and viewed as the second stage of a "Two step model of colonization and
evolution" (BOUTIN & COINEAU, 1990; NOTENBOOM, 1991; COINEAU & BOUTIN, 1992; HOLSINGER, 1994).

Thalassoid limnostygobionts consequently occur in sedimentary basins of continents formerly covered by the sea
during a transgression, before the shoreline recede during the following regression. It is well known and generally
accepted that interstitial crustaceans have very poor dispersal abilities (see for example HOLSINGER, 1986) and that
stygobiontic populations stay in place and remain alive up today as "Living fossils" (DELAMARE DEBOUTTEVILLE &
BOTOSANEANU, 1970; TERMIER, 1983), so that the most internal part of the present distribution area of a thalassoid
stygobiont provides a good information about the place of the paleoshore during the maximum of the transgression (which
occurred before the marine regression which will allow the colonization of groundwaters). Finally these living fossils are
present markers of paleoshores. Geologists used to consider the limits of occurrence of sedimentary rocks deposited
during a period of embayment as the location of the paleo-shorelines at the same period, except when there is a clear
evidence of erosion of the considered layer. However in some cases these sedimentary rocks may have been completely
removed by an important continental erosion. Consequently the groundwater primitively contained in these marine
sedimentary formations have moved down and lasted in more ancient sediments or in the basal altered plutonic rocks, thus



allowing the survival and permanence of thalassoid stygobiontic populations which remain the sole evidence of the marine
transgression. Therefore the location of paleo-shorelines may be inferred only from the limits of the present distribution
area of these stygobionts.

On the other hand the colonization of continental groundwaters by some thalassostygobiontic populations may
have occured during the marine regression which resulted in the definitive emersion of a sedimentary basin (or an oceanic
island when thalassoid limnostygobionts occur in groundwaters of an island). If it is possible to date this colonization - i.e.
the ecological change of crustacean biotopes, from coastal marine environment to continental groundwaters - then it is
possible to date the simultaneous marine regression. Now it is well known by paleontologists as well as by stygobiologists
(DUCASSE et al., 1983; BOUTIN & COINEAU, 1991, 2000) that the evolutionary rate is faster in a changing and
unstable environment, such as coastal biotopes, than in a more stable biotope like bathyal or phreatic and continental
biotopes. Continental groundwater appears as a conservative environment housing a lot of "living fossils". Recent
colonizers of groundwater - which evolved for a longer time in littoral milieus than older colonizers - exhibit therefore a
more important morphological evolution than the more ancient colonizers, which evolved in littoral biotopes for a shorter
period. It is why the phylogenetic analysis of the stygobitic species forming a genus or a family, generally shows that the
most primitive lineages (monophyletic groups of species) include the species with a distribution indicating a freshwater
entrance during the oldest geologic periods. In contrast, the most derived lineage comprises species, the origin of which is
correlated with the latest marine regression in the study area. Therefore when the divergences of a cladogram are dated,
based on biogeographic and geological data from a well known region, then it is possible to infer the date of a marine
regression in another region if a new stygobiontic species of the group occurs in this new region.

Moroccan stygobiontic models used in the Mediterranean Basin

The geological history of Morocco is relatively well known, and two groups of stygobiontic crustaceans occur in
numerous regions of this country. They are both sufficiently diversified in many species presently well known; their
phylogenetic and biogeographic study provides the possibility of dating the origin of different lineages within each group.

The family Metacrangonyctidae include to date more than 40 stygobiontic species of amphipods, about 36 of
which occur in Morocco (MESSOULI, 1994). The cladistic analysis of the family clearly shows four lineages; three of
them belong to the genus Metacrangonyx and the fourth and most derived one forms the genus Longipodacrangonyx
(MESSOULL, 1988, 1994; BOUTIN, 1994b). The two more primitive lineages, morphologically well characterized, arise
from a trifurcation dated from the Turonian regression (some 90 My BP), the third lineage appears later and in relation
with the Senonian marine regression (70 My BP), and the last one, originating the genus Longipodacrangonyx, is related
with the Lutetian regression (some 40 Ma) as the species of this genus occur only within the limits of eocene gulfs.

The cirolanid isopods of the "Typhlocirolana group" include to date four genera and more than 25 stygobiontic
species of which about 12 belong to two genera occurring in Morocco (BOUTIN, 1993a, 1993b). The cladogram of
Moroccan species exhibit exactly the same topology as that of the metacrangonyctid amphipods, showing four clearly
distinguishable lineages. The two more primitive lineages (having retained a number of characteristics of extant marine
cirolanids) occur in regions flooded during the Cenomano-Turonian times, the third lineage includes the most derived
species of the genus Typhlocirolana which occurs in regions flooded during the Senonian, and the fourth lineage is
formed by the genus Marocolana, whose distribution is included within the paleoshores of the Lutetian gulfs.

The striking similarity of the two plylogenetic cladograms and that of the two area cladograms was pointed out by
BOUTIN (1993a) and suggests the same historical biogeography of the two stygobiont groups, and the same sequence of
geological events in the regions where representatives of the groups occur.

Results

The age of some islands could be reconsidered from the stygobiological evidence, in Canary archipelago and in
Mediterranean islands. The limits of past Tethyan transgressions on the African continent were reevaluated in the Souss
and the Anti Atlas regions of Atlantic Morocco. The age of Israelo-Palestinian lands could also be reevaluated.

Fuerteventura (Canary Island) is mainly formed by volcanic rocks but in its western region the "Basal complex"
is a series of metamorphic sedimentary rocks including mesozoic marine fossils. The island age was generally considered
by geologists as ranging from 21 to 34 Ma (mid-Miocene to Oligocene), based on K/Ar datations of the most ancient
volcanic rocks. A stygobiontic amphipod, Metacrangonyx repens, presently occurs in groundwaters of the "Basal
complex" and is lacking in all other parts of Fuerteventura and in any other Canary islands completely formed of volcanic
rocks. As M. repens belongs to the third lineage of Metacrangonyctidae, the colonization of emerged land by its ancestral
marine populations occurred necessarily during the Senonian as in the other Moroccan regions (BOUTIN, 1993b). The
age of the sampled volcanic rocks and the age of the emergence of the Basal complex appear quite different, as evidenced
by its present stygofauna. The most ancient parts of the island can date back to the Senonian (70 Ma).

The occurrence of Metacrangonyx longipes and Typhlocirolana moraguesi in Balearic Islands, as these two
species belong to the first - and more ancient - lineage of their group means that some part of the archipelago certainly
emerged during the Turonian regression (90 Ma BP), even if most parts are formed of cenozoic marine sediments are
more recent.
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Figure 1 - Synthetic paleogeographic sketch map of Morocco. Dotted areas are regions covered by the Cenomano-
Turonian seas; vertically hatched area shows the known limits of the Eocene Soussian gulf, from the authors. Dotted
line 1 shows the minimal western shoreline of Atlantic Morocco during the Turonian and dotted line 2 the minimal
southern limit of the Soussian gulf, from Boutin (1997) modified.

Similarly a part of the Elba Island, between Corsica and Italy, where Metacrangonyx ilvanus was recently
discovered (STOCH, 1999) likely emerged during the Senonian, as M. ilvanus belongs to the third lineage of the family.

The closure of the Eastern Mediterranean, where the lands of Israel and Palestine partly - and step by step - have
emerged, resulting in a present geologically heterogeneous area, is generally considered as relatively recent (Cenozoic).
However in the Dead Sea region and in the Egyptian Sinai, two different species of Metacrangonyx, M. ortali and M.
sinaicus, occur and belong to the third lineage, suggesting, in these areas, a Senonian emersion (some 70 Ma). Moreover,
in the same Dead Sea region, several cirolanid isopods also occur, belonging to the "Typhlocirolana group".
BOTOSANEANU & NOTENBOOM (1989) consider that all Typhlocirolana species from Israel can be assigned to the
genus Turcolana, the most derived lineage of the group, located in regions where the marine embayment remained a long
time after the Eocene. However BOUTIN (1993a) considers that the species Typhlocirolana reichi and T. detecta have
rightfully to remain included in the genus Typhlocirolana. These two species, belonging to the third lineage of the
Mediterranean stygobiontic cirolanids are thus another evidence of a Senonian emersion, some 70 Ma ago. Finally the
Palestino-Israelian and Sinai lands are in some parts more ancient as generally considered (BOUTIN, 1997).

The limits of the Souss Eocene gulf (East of Agadir in Morocco) are known from Eocene sediments still exposed
by places on the north and south margins of the Souss Basin. Thus geologists, following CHOUBERT & FAURE-
MURET (1962), used to represent a narrow Eocene gulf, extending eastwards from Agadir, and covering only the present
Souss valley (Fig. 1). In this region occurs the genus Longipodacrangonyx, forming the fourth and most derived lineage of
the Metacrangonyctidae. However a site of Longipodacrangonyx was recently discovered just East of Tafraout, some 50
Km south of the supposed limits of the Souss Eocene gulf. Near Tafraout there is no more mesozoic sediments because
when the Anti Atlas was repeatedly uplifted and especially during the last Atlasic orogenic periods, an important
correlative erosion probably removed completely the superficial sedimentary formations. Finally, groundwaters,
previously contained in sedimentary rocks, had to descend to the now superficial decomposed granites.
Longipodacrangonyx which could not have arrived in its present location by active or passive dispersal, strongly suggests
that in reality the Eocene "Souss" gulf extended at least 50 Km more southward, near the latitude of Tiznit and Tafraout
(BOUTIN, 1998). When the continental erosion is so important, the thalassoid stygobionts may be the sole evidence of a
past marine presence.

Similarly the total gap of mesozoic sediments in the plains of Tiznit and Guelmim (western Anti Atlas domain,
between the High Atlas in the North and the Tarfaya Basin in the South, where Cretaceous marine sediments abound) was
enough enigmatic and Tarfaya and the High Atlas were generally considered as two separated marine cretaceous gulfs.
The presence of a Metacrangonyx species belonging to the first lineage in the Tiznit and the Guelmim regions, 30 and 40
Km West of the present coast, means that the Cenomanian-Turonian transgression connected the two regions and that the
shoreline was at least 40 Km East of the present coast. During the different stages of the Cenozoic and recent orogenesis,
the cretaceous sediments were removed by continental erosion before the deposit of quaternary limestones now exposed.



Conclusion

In a number of particular situations, the distribution of extant thalassoid stygobionts can provide useful evidences
of past geological events. The knowledge of their specific diversity and up to date phylogeny may thus be useful out of the
field of stygobiology and organisms biology.
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