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Distribution of Ostracods in the Groundwater of the North
Western Coast of Euboea (Greece)

I¥an L. Danielopol®

SUMMARY

Freshwater fauna from 20 wells Jocated 15-200 m Arom the seashore aw well as marine interstitial
[auna from the coasral zenc around the village Aghics Gearghios (Cape Likhada) have boen in
westigated, Freshwater hypagean osrrgcods live maindy o protected wells having clean boltem
and lictle particulale organic marier Trom which the water is moderately pamped. Epigean fre-
shewater ostracods deminate in anprotecred wells with large amouns of oreanic matler o the
hottem. There is a shasp difference between the psrracod Tauna living in resh groandwater
fmamnly Cypridids) and 1those Tviog mocoastal marnne ietersticial habiwats (marine Cyiherids and
Folyeepids).

It is suggested that in the Medverrancan realm the hypagean Tauna could be found easily m
proecied wells with linle oreamc matler acoumulziion, where water is moderately pumped.

INTRODUCTION

The scarce information on freshwater interstitial fauna of Greece has recently
been reviewed by Bou (1975) and Matsakis (1973), Bon visited Greece during
1969 and 1971 and extensively sampled hyvpogean fauna (see his report,
1975) Prior 1o 1969, Schifer (1945) and Stephanides {1948} sampled fauna
from wells, the former collected in Thessaly around Carla Lake ar about 25-
40 km in from the sea coast; the larter investigated several wells in Corfu
[sland, Schiifer found a rich hypogean ostracod fauna and also reporied
(19517 that some of the well fauna from Thessaly came from a limestone
area, Therefore it was nol clear it Schaffer's ostracods live in a poroos agui-
fer orin a karstic one. Considering the tepical interstitial fauna accompaning
the ostracods from Thessaly (Adficrachiaron (Isopoda), Parasrenacaris, Sigma-
ridinen (Harpacticoida) as well as the minute size of ostracods belonging to
the genern Kiells, Mannokfiefa and Miviecandona (see Schiifer, 1945), [ hy-
pothesized (1971 and 19773 that che oarracods should be interstitial inhabi-
tanis. Srephanides {1948y, gquite oppased to Schafer, found only epigean fau-
na in the wells of Corfu.

Bou offerad me the osrracods he collecied in many wells in Greece, and [
tound that, in addition to the well samples containing blind hypogean ostra-
cods, there were also some samples in which epigean fauna dominated. In or-
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Fig. 1. General view af Greece. The arrow indicates the northwestern coast of Euhoea where
the interstitial fauna was myestigated in 1976, The irangle indicates the distribuation o
Mixtocandona peeudocrenwiafe Schifer. The square indicates the station Greeve 5 on
the Ladon Villey (see Bou, 1975)

der to explain these faunistic differences, | hypothesized that the wells where
epigean fauna dominated are polluted and hence unfavorable for hypogeans.

During the latier parl of August and early September, 1976, 1 visited
Greece in arder ta verify this hypothesis and tried o verify some of the ostra-
cod species found by Schifer, A report on a new freshwater cstracod of ma-
rine orfigin found in Greece has been presented elsewhere (Danielopol, 1979).

The strategy of my sampling program was different from that of Bou,
who extensively collected fauna over a large territory (see figure | in his 1975
repotl), [ decided to investigate a restricted area along the northwestern coast
of Euboea Island (fig. | and 2} around the village Aghios Georghios Likha-
das and the Biological Station Keramou, From the data of Bou (1974, 1975},
Coineau (1969, and Matsakis (1975), [ knew that the wells in this area have a
diverse fauna.
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Fig. 2. The northwestern part of Euboca near the village Aghins Ceorghios and the Biological
Siation Keramow, 1-24 are 1he sample sites mentioned in table 1 The isobath — $0m in
the Cires channel —  drawn after Yannopoulos and Barrais (19275

THE SAMPLING AREA (fig. 1, 2, 3, table 1}

The northwestern part of Euboea is dominated by the limestone rocks of the
mountain Likhas (674 m altitude), On the western side of the Island (Zone B,
fig. 23, the lowland is extremely reduced {about 300 m width}). On the nor-
thern part between Cape Likhada and Cape Vasilinas (Zone A, fig. 2), the
plain becomes wider. A porous aguifer exists in the coastal lowland which
supplies the water needed by the inhabitants. | had the opportunity to cxami-
ne the sediment extracted from a borehole during the construction of well
number 18, It was mainly sand with marine fossils (spicules of sponge). In
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b 240 Site qumber 1 sampled wsing the Karamann-Chappun’ method  BOWell number 4, ge-
asoral view (wee Tor location fig, 20,
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the wells (number 4 and 167 T found marine fossil ostracods, Toraminifers,
and gastropods besides the coarse sand, A core of 10 cm depth in the sedi-
ment of well number 3 showed that the main fraction is constituted by coarse
sand. All these facts suggest that on the western coast of Euboea the aguifer
s developed in marine sediments,

Guernet (19713 showed that Euboea was connecied with the main land
during the Migcene and the Pliocene, South from Gialtra (at about 10 km
from the village Aghios Georghios), Guernet found a lacustrine deposit with
typical freshwater miocene gastropods (2 species of Melgnopsis), which sup-
ports the idea that the northwestern part of Euboea has emerged at least since
the Miocene. Psarianos and Thenius {1953) mentioned the presence of Efe-
Phas meridionalis near Aedipsos. This suggests to Guernet (19713 that the
1sland was isolated from the mainland during the Pleistocene, later than the
Villafranchian.

The extension and shape of the lowland coast of Euboea varied maost
probably during the Pleistocene due to the rise and fall of the sea level in the
Aepean area. Marine quarternary sediments are registered in the Zarka Val-
ley on the eastern coast of Euboea at about 10 m altitude {(Guernet, 19710,
Littig and Steffens (p. 47, 1977) noticed that during the Pleistocene *‘the
maost radical changes in the Aegean area occurred during Tyrrhenian. Large
regions in the central and northern parts foundered and were flooded by the
sea. A marine connection reached the Euxinic Basin wvia the Sea of
Marmara,”*

The 20 wells 1 investigated are located near the coast between 19 and
about 200 m in from the seashore. Most of the wells are located at an altitude
below 1 m ahave sea level. The water table lies at a depth of 2 to 8 m below
the surface of the ground. The porosity seems o be low, at least around the
Biological Station at Keramou (Matsakis, pers.comm.}. The chlorinity of the
water varies between 0.07 mg/1 and 1.27 mg/1. Thus, in all the wells there is
Mreshwater (see Table 1), The temperature of the water in the wells varies bet-
ween 19 and 22°C,

I also investigated marine sediments near the seashore in the supra litto-
ral area and/or near the upper limit of the tide in the intertidal zone. The
range between low and high tide levels represents aboul & m. The chlorinity
varies berween 17,45 and 29.46 g/,

The marine ioterstitial fauna have been collected using a BouRouceh
pump, digging pits and filtering the water (the Karaman-Chappuis’ method).
In these cases 1 extracted 5 liters of water. In one case 1 washed maoist sand
{1-2 liters; see table 1),

There are two types of wells: (13 Largely cased wells with a diameter of
aboul 1-1.5 m (seldom 2 m, well number ), and {2) Norton pumps. The for-
mer have been sampled from outside with a Cvetkov net and sometimes insi-
de with a plankton net. The latter have been sampled by filtering the pumped
water through a plankton net {mesh 80 xm). All the samples are qualitative.

Mast of the wells contain meio- and maceafauna. The 20 wells can be
grouped into & types:

| - Norton purmps (4,137 which are still in use and provide water for in-
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habitants, The water is clean and contains little particulate organic matier,

Il - Large wells covered and well protected such that little organic matter
accumulates from outside; the bottaom is periodically cleaned. The water 15
used for drinking and is extracted moderately, sometimes using 4 maLor
pump. Such wells are number 5, 6, 17, and 15,

11l - Large wells which are no longer in use but are covered so that Litele
pullution comes from outside {number 3 is an example),

1V - Large wells which are currently in use, the water being strongly
pumped (with molor devices) for the irrigation of land and orchards (see well
number 16).

¥ - Large uncovered wells, moderately used for irrigation; organic mat-
ter agcumulates on the bortom (see well numer 14),

VI - Large wells, mainly uncovéred, which are seldom in use for sup-
plving water for the cattle, or which are no longer in use. Much organic mat-
ter accumulates on the bottom, which is muddy. The water temperature of
these wells is 1-2°C higher than in the protected wells used for the drinking
water supply. Such wells are numbers 7, 8, 9, 10, 11, 15, 19, 20, 21, 22,

RESULTS (tables 1-3)

The Morten pumps and the well which is intensively used for irrigation {the
wells of type 1 and type 4 n table 2) contain no ostracods. This seems to be
incidental in the type 1 wells as other hypogean animals could be found (Iso-
pods, Microcerberus, and harpacticoids). No animals were found in type 4
wells, which might be a result of intensive pumping. The group of wells of ty-
pe 2 and type 3, considered as clean or slightly polluted, contain two intersti-
tial (hypogean) ostracods: Mixtacandone pseudocrentlata described by Schi-
fer (1945) and Pseudolimnocythere hartmanni, a new species (see Danielopol,
1979y,

The group of wells of type 5 and 6 with polluted bottoms contains main-
Iy epigean species. Oyvpria facustris Sars is the most abundant and the maost
common species in these wells (see table 2). It is followed by Cypridopsis
rnewtoni (Br. and Rob.). Both species have been recorded by Stephanides
(1948 in the wells of Corfu {see well number P 53a). Cypria dacusiris occurs
commonly in wells in Yuposiavia (Petkovski, 19767, in Romania {Danielopol,
19657, but also in epigean habitats (Petkowvski, 1960). The carapace shape, the
male copulatory organ, and the female genital lobe of the specimens from
Euboea conform to those described by Petkovski (19600, Cypridopsis newio-
71 seldom aceurs in wells but is encountered mainly in permanent fresh or oli-
gohaline warter bodies, especially during summer and autumn (Klie, 1938 and
1941).

’ Besides Cypria facusiris, isolated specimens of Hvocypris bradyi Sars oc-
curred in the wells number 8 and 9, Many empty carapaces of Hyvecypris can
also be found on the bottom of those wells. This suggests that in those wells
where Cyprig locusiris s predominant processes of competition with fyocy-
pris bradyi could occur, finally affecting the exclusion of this latter ostracod.
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Fobaeformiscandona kesticd (Petkovski, 1969 05 an epigean species
which has been described using living material from Ochrid Lake, Yuozosla-
vid. Petkowski considers that this species also occurs in the Pleistacene depo-
sits of the Lirt Yalley {see Devola, 1965), The species is recorded in Greece
for the first time,

Stenocypris maior {Baird) is an epigean thermophilic species which has
already been recorded in Soulh and Central Europe (see Loffler and Danielo-
pal, 19781, This species is recorded for the first Ume in a well (number 13) in
Girecce,

The wells of Euboca behave lke island habicats, colonized by both epi-
gean and hvpopean species. The diversity s low, | used the Brillouin index
for the ostracods, which follows the suggestion of Kacsler and Mulvany
(1977, p. 33 ' Brillowin’s eguation from information theory 15 well suited
lor studying diversity and community structure of recent and fossil osira-
cads, This equation gives the actual diversity per individoal in a collection
and not an estimate of the parametric diversity of an statistical universe, Be-
cause of the difficulties of defining the extent of the statistical universe from
which samples ol ostracods are drawn, study of collections in their own sake
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is to be prefered,”” For instance, for well pumber 3, the Brillowin®s diversity
indexs 15 048 (able 380

in shallow marine habitats of Baja California, Kaesler and Mulvany
1977 recarded a diversity index of the ostiracod associations varving het-
ween 0,45 and 2.

The wells that are uncovered are protected very little agamst the polle.
tian fromm outside and those from which water is pumped intensively constitu-
te coologically unstable habitats,

Panle 350 Ihstribation ot maerine interstitigl ostagads w the investizaled area.

Sea Shore Samphes
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oor e alurdarior ol the ostracod species (see 1est alsod,
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|||jrl latig the doersiy indes compured tosime the Brllowin®s expression Tor the ostracod @i
ciarion of well number 3.
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In the polluted wells {e.g., well number 22}, the fauna are represented by
epigean cosmopolitan forms: ostracods (Cyordg lacusiris), sopods {Aseffus
aguaticus), Culicidas and Chitonomidae larvae which penetrate from outsi-
de.

In the unprotected wells from which water 15 taken moderately {e.g_, well
number 14}, the abundance of the epigean fauna is higher than those of the
hypogean, see ostracods in tables 2 and 3B.

In protected wells {covered outside) no longer in use, such as well nume
ber 3, the hypogean animals are more abundant than the epigean ones (tables
2 and 3B). Finally, in the protected wells used for drinking water supply (like
the Morton pumps and well number §), no epigeans are Pound {for the ostra.
cods, see table 2 and 38).

Ronneberger (1973) suggests that the ratio between the epigean and hy-
pagean animals in the wells could be used as an index for their water quality,
The present investigation conficms the validity of this assumptlion.

The interstitial ostracods found in the supralittoral near the upper limit
of the tide level] (sites 1, 23, and 25) are represented by a species belonging to
the family Polycopidae and the interstitial species Cytheracea belonging to
the genera Microloxoconche? and Microcyrhere. These three ostracod groups
have exclusively marine representatives. Most of them live in porous sedi-
ments of the littoral and the supralittoral zones (Hartmann, 1973).

At site 1 (see fig, 3A), the sediment consists of coarse sand and pebbles,
The Polvcopidae predominate characterized by long “‘swimming" antennal
setae, whereas the creeping form Microfoxoconcha? is tare, At sites 23 and
25, the beaches have only coarse sand, In this habitat [ found maore Mierofo-
xoconcha? sp. and seldom Microcythere (another creeping form) and Polyco-
pids.

The lack of freshwater ostracods {Cyprididas) mixed with these marine
ostracods in the interstitial habitats near the seashore s sitiking. This could
be due to the fact that the zone where subsurface marine and freshwaters mix
is very natrow and does not allow the coexistence of freshwater and marine
forms in some transicory brackish water environment as portrayed by
Drelamare-Deboutteville (1960), A similar pattern is displayed by other meio-
and macrofauna. At site 24, the marine inlerstitial halacarid Acerochelopo-
dia sp. aff. delamaref occurs and the freshwater halacarid Lobofalacarus
quadriporus is found in well number 3. Sample 24 also contains many Hesio-
rides arenaria, Fried | a typical marine interstitial polychaet living in {fine and
coarse sands. The halacarids have been identified by Dr. T. Gledhill and the
palychaets by Dir. L. Laubier.

Omne has to note the imited number of freshwater hypogean ostracod
species (two species only) in the investigated area (about 15 km along 1he
coast). [t is often postulated that the groundwater habitats are highly stable
and have a long temporal permanency {see jrferalia, MNoodt, 1968],

In such time-stable habitats, a high diversity of fauna could develop (see
the Sanders' stability-time hypothesis with cxamples from deep sea and Bai-
kal Lake habitats; Sanders, 196Y).

The northwestern coast of Euboea has a porous aquifer in the lowland
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which was most probably affected by the sea level fluctuations during the
Pleistocene, I this view is accepled, the habitat I investipated does not have
the time-stability actribute.

The low effective porosity seems to be responsible for the small size of
the hypogean fauna (ostracods of 0.3-00.5 mm length), The presence of M-
crocharon (very common), Microcerberus, fnpolfielfa petkovskii, Bogidiefla
skoplensis®, and the lack of larger Malacostraca, and hypogean Ostracoda li-
ke Miphargus, representatives, Proaselffus skeri Henry, Preudocandona and
Candoropsis species, is striking.

A higher diversity of hypogean fauna can be expected in Greece on the
mainland in habitats with a better porosity and a longer permanency. Such a
habitat could be the porous aquifer of the Laden Valley {station Gr.5, fig. 1)
in Arcadia, where Bou (1975} found 3-8 species of hypogean amphipods in
one place.

Finally, these data suggest that in the Mediterranean area the hypogean
fauna could be easily found in protected wells, with lictle organic matter ac-
curmulated and where water is pumped moderately, This observation should
be of some help 1o those who are interested in faumistic surveys, They always
face the problem of selecting the wells that should be sampled with the hope
of finding a tich hypogean fauna.

CONCLUSIONS

1} Mixtgeandona psewdocremidata, one of Schifer’s species found in
Thessaly, was found in the porous aguifer of Euboea, which partly confirms
my suspicion that the ostracods deseribed by Schifer live in an interstitial ha-
bitat.

2) The large wells in Euboea behave like island habitats which are colo-
nized by both epigean and hypogean animals.

3) The hypogean ostracods live mainly in protecied wells with little or-
ganic maiter accumulation, where water is pumped moderately. The epigean
ostracods predominate in uncovered wells with polluted water and rich inor-
ganic matter.

4) The ostracod species found in some of the Euboea wells, like number
3, form coherenr associations in which the epigean species could be as impor-
tant as the hypogean ones,

5) The data presented above reinforce the suggestion of Ronneberger
{1975) that the ratio between epigean and hypogean animals in wells could be
used as an environmental index to show the degree of pollution in the wells,
Further investigations are needed o demonstrate how the pollutants and/or
epigean fauna eliminate hypogean fauna from wells,

6} The low number of hypogean ostracods in the area investigated could
be due either to the instability of the well habitais on an ecological time scale

. Species found in Grecce far the first tme (det O Boul.
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or 1o the instability of the coastal aquifer al an evolulionary e scale.

71 The presence of exclusively small size hypogean ostracods could be
due o the fing grained sediment,

B) There is a sharp difference between the marine interstitial ostracods
found in the supralittoral zone of the Euboea coast and those of the wells in-
|and.

9y Finallv, these data sugpest that in the Mediterranean realm 1he hypo-
gean fauna could be found easily in wells with linde accumulation of organic
matier, where water 15 pumped moderately.

ACKNOWLEDGEMENTS

I am greatly indebied 1o the fellowane calleagues whe helped during the completon ol this pro-
ject: B The Matsakis, darecior of the Biclogical Statiaon keramou, ©1 Bou ¢AlB, B, Comean
(Banvuls s, Mer), T, Gledhill (East Seekel, O Creernet (Paris), J-P. Henrv dDigond, Fro Lecher
Moureue (Mouliz), L. Laubier (Bresty, Ho LofTer (Wien), F. Rogl {Wien), B, Kouch (Maulisy,
Fo o Seeiniger (Wienk and P Sieffens (Hannover).

RESUME

I a taunc dulgaguicole de 20 puies localises & 15200 métres du rivage, de méme que la Taung nia-
rine inleratiticlle, ont @12 prospegtécs dans la zane caidre autour du village Aghivs Geonghiee
(Cap Likbada, ile d'Eubee). Les Ostracodes hypoees d7can douce viven! principalomenst dans les
Puits couverts, dom e Tond o5t propre e pauste on matiéres organigques of dons Pea o pompes
maderement, Les Gstracodes $pigss d'eau douce prédomingnt dans les puits & 'air bbre, avec de
grandes quantités de matiére arganique sur le fond, Une différenee aocuseés exizie entre la Maune
osltacodologique vivant en cans douces souterraines (principalement des Cyprididés o colle des
Babiats incerstitiels marioy cotiers (Cythéeridés o Polvcapides maninsp, 0n pewt penser que dans
le demaine mediterranden. la Taung hepeges pourrail @re le plus giserment decouverte dans les
purits couverts, o Tascumulation de matidre organmique est Taible et dont Peau st moderement
pompie.
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